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Post-stroke pain 

In the Netherlands, each year, 41.000 new cases of stroke are diagnosed.5 A stroke, or 
cerebrovascular accident (CVA), is caused by an obstruction or hemorrhage of a blood 
vessel supplying blood to the brain. As a result, brain function is (temporarily) disturbed. 
Many stroke survivors are left with permanent disabilities, including (partial) paralysis22, 
somatosensory deficits43, speech and language problems11, cognitive deficits6,30, fatigue24 
and emotional46 or personality changes23. In addition, pain is common after stroke.1,18 Post-
stroke pain can be a great burden for the patient, increases hospital stay, reduces quality of 
life and interferes with functional recovery after stroke.3,21 
The most commonly reported type of pain after stroke is post-stroke shoulder pain (PSSP), 
also named hemiplegic shoulder pain. In recent studies, PSSP occurred in 17% to 64% of 
patients.2,12,14,25,35,38,42 Older studies have reported incidences of PSSP ranging from 5% to 
84%.44,47 Other types of post-stroke pain are central post-stroke pain (CPSP), shoulder-hand 
syndrome (SHS, also referred to as post-stroke complex regional pain syndrome) and post-
stroke (tension type) headache.50 CPSP is a central neuropathic pain that can occur after 
brain lesions affecting the central somatosensory nervous system. CPSP is often described 
as burning pain and patients report hypersensitivity at the affected side. Notably, CPSP can 
only be diagnosed when all other causes of pain have been ruled out, or are considered 
highly unlikely.19 The incidence of CPSP lies between 1% and 12%.19 Incidences of SHS 
range from 1.5% to 70%.10,15,20,31 In SHS, pain is reported in the hemiplegic shoulder as well 
as the hand and wrist and coincides with edema, coloring and sweating of the hand and 
wrist, suggesting a role for central sympathetic dysregulation and/or neurogenic 
inflammation.7,15 
The high variation in reported incidences of post-stroke pain is likely to be the result of 
differences in pain definitions, timing of assessment and/or study populations. Indeed, the 
diagnostic process is hampered by the lack of a gold standard for post-stroke pain 
classification, the overlap in the clinical presentation of symptoms or even the combined 
presentation of pain types, and the high incidence of pre-stroke pain.37 These diagnostic 
uncertainties complicate the prognosis of post-stroke pain and, hence the selection of 
treatments. 
 
Post-stroke shoulder pain 

PSSP is usually diagnosed when pain is located in the affected shoulder region or arm, 
started after stroke (with no direct relation to trauma or injury) and is present during rest 
or during active or passive movement.13 Although PSSP may present early after stroke13,34,35, 
its typical onset is 2-3 months post stroke2,14,17. Many reviews have been written on the 
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clinical presentation of PSSP and the multiple determinants associated with its 
development.4,8,33,44,47,53 Traditionally, PSSP is regarded as nociceptive pain resulting from 
tissue damage due to biomechanical changes around the shoulder joint. PSSP has been 
related to clinical conditions such as spasticity, glenohumeral subluxation, capsular 
inflammation, peripheral neuropathy, CPSP and autonomic dysfunction.44 Furthermore, 
several studies have suggested that reduced motor function, depression and reduced 
somatosensory function may contribute to the development of PSSP.13,14,17,25,27,29,34 The 
etiology of PSSP is, therefore, likely to be multifactorial. 
 
Classification 

The clinical assessment of PSSP is mainly focused on the shoulder joint, including active or 
passive pain-free range of motion tests34 and imaging of shoulder joint abnormalities using 
ultrasound32, radiography26 or MRI39. On the basis of such tests, PSSP is often classified into 
several etiological causes. However, there is no gold standard for classification and the 
current classifications often neglect the multi-dimensional nature of PSSP.41 For example, 
the classification by Teasell et al. is mostly based on shoulder anatomy, distinguishing 
between ‘muscle’, ‘bone’, ‘joint’, ‘bursa’, ‘tendon’, ‘joint capsule’ and ‘other’ etiologies.44 The 
classification by Gamble et al. is more physiological, distinguishing between ‘central origin’, 
‘chronic wide-spread pain’, ‘non-central causes’ and ‘mixed causes’.14 Importantly, Gamble 
et al. do acknowledge the multi-factorial etiology of PSSP by distinguishing ‘mixed causes’ as 
an etiological sub-group. Still, the relevance of these classifications for PSSP prognosis and 
treatment is unclear.40  
In the field of pain research, several grading systems have been proposed to identify 
patients with neuropathic pain45 or central post-stroke pain19, which, in theory, may be 
relevant for the classification of PSSP subtypes. However, the use of such grading systems to 
assess a peripheral or central neuropathic component in PSSP can be problematic. Based on 
the grading system for neuropathic pain, even patients with pure nociceptive PSSP might be 
classified as having neuropathic pain, simply because they have a relevant lesion affecting 
the central somatosensory system and the pain has a distinct neuroanatomically plausible 
distribution. On the other hand, CPSP can only be diagnosed if all other (e.g. nociceptive) 
causes of pain have been ruled out, which is difficult in the case of PSSP.37 
 
Treatment 

Although acute PSSP can resolve or improve spontaneously within the first 6 months after 
stroke14, shoulder pain is persistent in a significant number of patients25,49. Of the patients 
with PSSP at 4 months post-stroke, 65% also reported pain at sixteen months post-stroke, 
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although pain intensity, frequency and pain during movement were reduced.25 Still, at 
sixteen months follow-up, more than half of these patients reported moderate to severe 
pain.25 It is not clear why some patients develop persistent PSSP whereas others recover 
spontaneously or with the help of treatment.  
PSSP treatment mostly focuses at reducing biomechanical stressors or inflammation, 
including normalization of muscle tone (movement therapy, botulinum toxin injections), 
reduction of subluxation (strapping, movement therapy) and/or treatment of the shoulder 
capsule (corticosteroid injections).44,48 However, pain relief is often unsatisfactory. Indeed, 
the evidence-base for therapeutic interventions is lacking or inconsistent.16,44 In addition, in 
the case of successful treatment, it often remains unclear how pain reduction was achieved. 
For example, neuromuscular electrical stimulation, aimed at reducing glenohumeral 
subluxation, provided pain relief in patients with PSSP while the degree of subluxation 
remained unaltered.36 
 
Towards a new view on PSSP 

In order to improve the prevention, classification, prognosis and treatment of PSSP, a better 
understanding of the neurophysiological mechanisms underlying its development and 
perpetuation is needed.51 This demands a broadening of the traditional view on and 
assessment of PSSP as being a type of biomechanical nociceptive pain.  
The theoretical framework underlying pain research is built on the notion that, although 
pain may be localized in one region of the body, the mechanisms causing pain may occur at 
any level of the somatosensory neuro-axis.28 Detailed assessment of pain complaints and 
somatosensory abnormalities is, therefore, a key element in pain research.51,52 Moreover, 
since chronic pain often involves spreading of the pain complaints and/or altered 
somatosensory function at non-painful body parts9, assessment is usually not limited to the 
painful region but also includes assessment of unaffected body parts.  
Research into PSSP mechanisms should incorporate these basic concepts underlying pain 
research, from which further exploration of possible neurophysiological mechanisms may 
be started. However, methods commonly used in pain research have often not been 
validated for the stroke population. Moreover, many stroke patients have problems with 
attention and cognition or have other co-morbid conditions that complicate the 
interpretation of test results. Therefore it is essential to first address the usefulness of 
available “pain research tools” for the assessment of PSSP, i.e. the ability of these tools to 
reveal, under controlled conditions, meaningful differences between stroke patients with 
PSSP, pain-free stroke patients and healthy control subjects. The second step is to address 
whether and how these differences relate to possible neurophysiological pain mechanisms. 
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Knowledge about the pathophysiological mechanisms of (persistent) PSSP, may provide a 
better understanding of the disappointing results from conventional preventive and 
therapeutic approaches to PSSP, and may provide a basis for improved clinical management 
of PSSP. 
 
Thesis objectives 

This thesis is the first to adopt a mechanism-based approach to the research of PSSP 
development. The primary objective of the thesis is to obtain a better understanding of the 
pathophysiological mechanisms responsible for the development of persistent PSSP. For 
this purpose a theoretical framework of possible mechanisms underlying PSSP is 
formulated, which will then be tested in several cross-sectional and longitudinal studies. 
The reason for focusing on patients with persistent PSSP is two-fold. First, in order to test 
the usability of “pain research tools”, patients with PSSP and pain-free stroke patients 
should preferably show as much contrast as possible. That is, if no differences are found 
between patient groups in which the contrast on the primary outcome measure is highest, 
than it is questionable whether group differences can be found in less contrasting 
comparisons. Second, in previous prospective studies, PSSP assessment was often 
performed without reference to the onset of pain post stroke nor to the duration of the pain 
episode (i.e. recovered or persistent pain), so that causal relations remained largely 
unclear.13,14,17,25,35 By defining and targeting persistent pain, more knowledge may be 
obtained about factors and pain mechanisms involved in the initiation and perpetuation of 
PSSP. 
 
Part I: A mechanism-based view on post-stroke shoulder pain 

Chapter 2 introduces the terminology and the neurophysiological concepts of pain required 
to fully comprehend the remaining chapters. It describes the theoretical framework and 
methodology that is used for the assessment of pain and pain mechanisms in patients with 
PSSP in the following parts of this thesis. 
 
Part II: Cross-sectional studies of persistent PSSP 

The second part of this thesis comprises 3 cross-sectional studies that are undertaken to 
test the usability of “pain research tools” and the interpretation of their outcome in the light 
of possible neurophysiological pain mechanisms underlying persistent PSSP.  
In Chapter 3, extensive assessment of somatosensory symptoms and signs is performed 
using subjective, but standardized “pain research tools”, including clinical examination, 
quantitative sensory testing and conditioned pain modulation. Whereas somatosensory 
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assessment in stroke patients is usually confined to the affected side and includes only a 
limited range of physical stimuli, this study uses a variety of different natural and electrical 
stimuli and assesses abnormalities at both the affected and unaffected side of the body. 
Using these methods, mechanisms relating to somatosensory loss, somatosensory 
sensitization and endogenous pain inhibition are addressed.  
In Chapter 4 cortical somatosensory processing is assessed by recording evoked potentials 
using electroencephalography (EEG) and electrocutaneous stimulation. In contrast to the 
methods in Chapter 3, evoked potentials provide an objective measure of somatosensory 
function. In previous studies with stroke patients, evoked potentials have mostly been 
recorded to assess the functional connectivity between the peripheral nerves and the brain 
based on early components in the evoked potential. In this study we are specifically 
interested in the late components of the evoked potential that relate to mechanisms 
involved in the cognitive-affective processing of somatosensory stimuli and pain.  
In Chapter 5 the neuropathic pain diagnostic questionnaire (DN4) is used to classify PSSP 
subtypes as having either neuropathic or nociceptive pain. By comparing patients with 
either subtype with regard to pain complaints and somatosensory symptoms and signs, the 
potential usefulness of the DN4 for the classification of PSSP subtypes is explored. 
 
Intermezzo: An ongoing debate on post-stroke pain classification 

The results of the studies from Chapters 3, 4 and 5 form the basis of a scientific discussion 
which is reprinted in this intermezzo. This discussion is about a grading system for CPSP 
which was proposed by researchers of The Danish Pain Research Center.19 Because the 
proposed grading system for CPSP is quite crude in its distinction between ‘peripheral’ and 
‘central’ pain, it may have unintended implications for the assessment, diagnosis and, 
potentially, treatment of patients with ‘mixed’ (involving both peripheral as well as central 
pain mechanisms) types of post-stroke pain, including PSSP. 
 

Part III: Follow-up studies on the development of persistent PSSP 

The last part of this thesis focuses on the longitudinal assessment of persistent PSSP during 
the first 6 months post stroke, in which assessment is performed within 2 weeks, at 3 
months and at 6 months after stroke.  
Chapter 6 focuses on the identification of factors associated with the development of 
persistent PSSP during the first 6 months after stroke. Whereas the studies described in 
Chapters 3, 4 and 5 primarily focus on pain complaints in relation to somatosensory 
function, Chapter 6 focuses on the complete clinical picture of somatosensory, motor, 
cognitive, emotional and autonomic functions. The longitudinal design allows for the 
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assessment of temporal and (possibly) causal relations between these different clinical 
functions and the development of persistent PSSP.  
By extending the methods used in Chapter 6 (clinical examination) with the “pain research 
tools” described in Chapters 3 and 5 (i.e. extensive pain assessment, quantitative sensory 
testing and conditioned pain modulation), Chapter 7 further addresses possible pain 
mechanisms underlying the development of persistent PSSP by describing the relationship 
between persistent PSSP and somatosensory loss, somatosensory sensitization and 
endogenous pain inhibition in the first 6 months after stroke.  
 
General discussion: Towards a new view on PSSP? 

In Chapter 8 the results described in the previous chapters will be discussed and will be 
used to update the current knowledge on PSSP development. The implications for clinical 
practice will be discussed. Finally, directions for future research will be addressed based on 
identified knowledge gaps.  
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Abstract 

The assessment and treatment of post-stroke shoulder pain (PSSP) is largely based on the 
assumption that pain is due to biomechanical alterations within the shoulder joint after 
stroke. However, current treatment often provides limited pain relief, leading to a 
considerable number of patients with persistent pain. This suggests that PSSP may not be 
merely due to simple nociception from the shoulder joint. A better understanding of the 
neurophysiological mechanisms underlying the development and perpetuation of PSSP is 
needed. Here, a theoretical framework for presumed PSSP mechanisms and their 
assessment is presented based on key concepts applied in pain research. This theoretical 
framework assumes that although pain may be localized in one region of the body, the 
mechanisms causing pain may occur at any level of the somatosensory neuro-axis. Detailed 
assessment of pain complaints and somatosensory abnormalities should, therefore, be a key 
element in PSSP research. Studies aiming to further characterize the somatosensory 
functioning in patients with PSSP (initially) need to take a broad methodological approach 
including both clinical as well as more experimental pain research tools, such as 
quantitative sensory testing, conditioned pain modulation and the assessment of cortical 
somatosensory processing. A better understanding of pain mechanisms may explain why 
persistent PSSP and unsatisfactory pain relief are common despite active prevention and 
treatment strategies and may provide a basis for improved clinical management of PSSP. 
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Introduction 

The assessment and treatment of post-stroke shoulder pain (PSSP) is largely based on the 
assumption that pain is due to biomechanical alterations within the shoulder joint after 
stroke. Treatment is mostly focused at reducing biomechanical stressors or inflammation, 
including normalization of muscle tone (movement therapy, botulinum toxin injections), 
reduction of subluxation (strapping, movement therapy) and/or treatment of the shoulder 
capsule (corticosteroid injections).71,84 However, using these interventions, pain relief is 
often unsatisfactory, leading to a considerable number of patients with persistent pain.42 
Moreover, the evidence-base for therapeutic interventions is lacking or inconsistent.24,71 In 
addition, in the case of successful treatment, it often remains unclear how pain reduction 
has been achieved. For example, neuromuscular electrical stimulation, aimed at reducing 
glenohumeral subluxation, provided pain relief in patients with PSSP while the degree of 
subluxation remained unaltered 59. The relatively high incidence of persistent PSSP and the 
ineffectiveness of PSSP treatment suggest that PSSP may not be merely due to simple 
nociception from the shoulder joint. This urges for a broadening of the traditional view on 
and assessment and treatment of PSSP as being a type of biomechanical nociceptive pain. 
Most importantly, in order to improve the prevention and treatment of PSSP, a better 
understanding of the neurophysiological mechanisms underlying its development and 
maintenance is needed.90 
In this paper, key concepts of pain research, involving the anatomy and neurophysiology of 
pain are summarized and integrated into a theoretical framework of presumed factors 
contributing to PSSP development. Such a “mechanism-based” theoretical framework 
requires different assessment methods than generally applied in the rehabilitation setting. 
Several “pain research tools” are suggested that may be used to obtain a better 
understanding of the pathophysiological mechanisms underlying the initiation and 
continuation of PSSP, which is deemed an essential step towards improved clinical 
management of PSSP. 
 
Key concepts of pain and pain research 

The International Association for the Study of Pain (IASP) has defined pain as ‘an 
unpleasant sensory and emotional experience associated with actual or potential tissue 
damage, or described in terms of such damage’.48 Pain is thus a multidimensional 
experience. The experience of pain is a survival mechanism; it warns for potential tissue 
damage, it promotes sickness behavior to allow recovery from actual tissue damage and it 
induces long-term memories so that tissue damage can be avoided in the future.  
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Table 2.1 Pain terminology.  
 

Term Definition 
Pain An unpleasant sensory and emotional experience associated with actual or 

potential tissue damage, or described in terms of such damage. 
Pain classification  
   Neuropathic pain Pain arising as a direct consequence of a lesion or disease affecting the 

(central or peripheral) somatosensory system. 
   Nociceptive pain Pain arising from activation of nociceptors. 
Anatomy  
   Nociceptive neuron A central or peripheral neuron that is capable of encoding noxious stimuli. 
   Nociceptor A sensory receptor that is capable of transducing and encoding noxious 

stimuli. 
Symptoms and signs  
   Allodynia  Pain in response to a non-nociceptive stimulus 
   Analgesia  Absence of pain in response to stimulation which would normally be 

painful. 
   Dysesthesia  An unpleasant abnormal sensation, whether spontaneous or evoked. 
   Hyperalgesia  Increased pain sensitivity. 
   Hyperesthesia  Increased sensitivity to stimulation, includes both allodynia and 

hyperalgesia. 
   Hypoalgesia  Decreased pain sensitivity. 
   Hypoesthesia  Decreased sensitivity to stimulation. 
   Paresthesia An abnormal sensation, whether spontaneous or evoked. 
Pain mechanisms  
   Nociception The neural processes of encoding and processing noxious stimuli. 
   Sensitization Increased responsiveness of neurons to their normal input or recruitment of 

a response to normally subthreshold inputs. 
   Peripheral 
sensitization 

Increased responsiveness of nociceptors to stimulation of their receptive 
fields 

   Central sensitization Increased responsiveness of nociceptive neurons in the central nervous 
system to their normal or subthreshold afferent input. 

Pain research  
   Nociceptive stimulus An actually or potentially tissuedamaging event transduced and encoded by 

nociceptors. 
   Noxious stimulus An actually or potentially tissuedamaging event. 
   Sensation threshold The minimal intensity at which a stimulus can be perceived. 
   Pain threshold The minimal intensity of a stimulus that is perceived as painful. 
   Pain tolerance level The maximum intensity of a stimulus that evokes pain and that a subject is 

willing to tolerate in a given situation. 
 
Adapted from Loeser & Treede (2008) and Merskey & Bogduk (1994). 

 
Pain can be classified on the basis of its duration, being either acute (0-3 months) or 
persistent (> 3 months). In addition, pain can be classified on the basis of its presumed 
underlying cause. Nociceptive pain is initiated by tissue damage. Neuropathic pain can arise 
as a direct consequence of a lesion or disease affecting the somatosensory system and may 
be peripheral or central.73 The generally accepted pain terminology is summarized in Table 
2.1.43,48 
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The theoretical framework underlying pain research is built on the notion that, although 
pain may be localized in one region of the body, the mechanisms causing pain may occur at 
any level of the somatosensory neuro-axis.51 Detailed assessment of pain complaints and 
somatosensory abnormalities is, therefore, a key element in pain research.90,91 Moreover, 
since persistent pain often involves spreading of the pain complaints and/or altered 
somatosensory function at non-painful body parts12, assessment is usually not limited to the 
painful region but also includes assessment of unaffected body parts.  
 

Anatomy & neurophysiology of acute pain 

The experience of pain is mediated by the somatosensory system, comprising the peripheral 
nerves, the spinal dorsal horn, spinal ascending and descending pathways and the brain 
(Figure 2.1). Modulation of the pain experience is possible at all levels of the somatosensory 
neuroaxis. Important neurotransmitters in the modulation of the somatosensory system are 
endogenous opioids and mono-amines (e.g. serotonin, dopamine). Inhibitory modulation 
prevents the somatosensory system from an excitatory overshoot, whereas facilitatory 
modulation ensures attention for and a reaction to actual or potential tissue damage.  
Since facilitatory and inhibitory modulation show great overlap with respect to the 
structures and neurotransmitters involved, the experience of pain always results from a 
complex interplay between inhibitory and excitatory mechanisms. Most importantly, in a 
healthy state, modulation is reversible, so that pain is temporary and subsides when the 
body recovers. 
 
Peripheral nervous system 

In the periphery, tissue receptors can detect a variety of different stimuli; i.e. thermo-
receptors for the detection of thermal stimuli and low and high threshold 
mechanoreceptors for the detection of light touch or gross pressure respectively. These 
receptors are contacted by primary afferent fibers, of which the cell bodies are located in 
the dorsal root ganglion. Mechanoreceptors are mostly contacted by thick Aβ fibers (Ø 6-12 
μm) with a high conduction velocity (30-70 m/s). Thermo-receptors are contacted by thin 
myeliniated Aδ (Ø 1-6 μm, conduction velocity 4-36 m/s) and unmyeliniated C fibers (Ø 0.2-
1.5 μm, conduction velocity 4-36 m/s). Free nerve endings of Aδ and C fibers are called 
nociceptors that are involved in the experience of socalled “first” (sharp) and “second” 
(dull) pain, respectively. Nociceptors can be activated by thermal, mechanical or chemical 
stimuli when the stimulus is noxious, i.e. an actually or potentially tissue-damaging event.43 
In a healthy person, somatosensory stimulation leads to a depolarization of peripheral 
tissue receptors and connected primary afferents.  
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Figure 2.1 Schematic drawing of the anatomical structures involved in the neural processing of 
somatosensory input from Aδ and C primary afferent fibers ascending via the spinothalamic tract (STT). 
The dotted arrows represent the descending modulation of neurons in the spinal dorsal horn by supra-
spinal structures.  L: limbic system; ACC: anterior cingulated cortex; PAG: periaquaductal grey; RVM: 
rostroventral medulla. 
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When the peripheral tissue is damaged, several (inflammatory) substances can increase the 
sensitivity of tissue receptors and nociceptors leading to decreased depolarization 
thresholds and an increased firing frequency. This phenomenon is referred to as peripheral 
sensitization.  
 
The dorsal horn 

Primary afferents project to several laminae within the dorsal horn, located posterior in the 
grey matter of the spinal cord. Within the dorsal horn, a total of 6 laminae can be 
distinguished. Primary Aβ fibers project to laminae III-VI, Aδ fibers to laminae I and V and C 
fibers to laminae I and II.78  
Several types of dorsal horn neurons can be distinguished. Nociceptive-specific (NS) 
neurons are found in lamina I, are innervated by Aδ fibers and respond to noxious 
mechanical and heat stimulation. Wide dynamic range (WDR) neurons are found in lamina 
V and receive input from both Aβ and Aδ primary afferents and from supraspinal structures. 
Interneurons can be found in all laminae, receive input from primary afferents and from 
supraspinal structures and project onto both pre-synaptic primary afferents and post-
synaptic dorsal horn neurons.  
The activation of dorsal horn neurons is dependent on the number and type of activated 
primary afferent fibers as well as on the frequency with which they are activated. In 
addition, the activation of dorsal horn neurons can be modulated indirectly by interneurons 
or directly by supraspinal descending pathways. Repetitive nociceptive input from primary 
afferents can lead to central sensitization in the dorsal horn, resulting in an increased 
responsiveness to subsequent stimuli.86 In addition, the activation of spinal projection 
neurons is dependent on the ratio between thick (tactile) and thin (pain) fiber activation 
and is mediated by inhibitory interneurons. This interaction between different 
somatosensory inputs at the spinal level forms the basis for the well known “gate control 
theory”.47 This explains why rubbing a painful knee (i.e. providing tactile input) can 
(temporarily) reduce the pain sensation from this knee. 
 
Spinal tracts 

Dorsal horn neurons project to supraspinal structures, to the ventral horn and to local or 
intersegmental dorsal horn neurons. One of the pathways projecting to supraspinal 
structures ascends ipsilaterally and projects onto the medulla. Axons of projection neurons 
from the medulla then cross the midline, and this so-called dorsomedial lemniscal tract 
(DMLT) terminates in the ventroposterior lateral thalamus. This pathway is mainly supplied 
by tactile Aβ primary afferents and subserves the “gnostic” sensibility (light touch, 
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vibration, proprioception). Dorsal horn neurons receiving input from nociceptive Aδ and C 
fibers terminate on projection neurons located in the contralateral anterolateral quadrant 
of the spinal cord via the spinothalamic tract (STT). The STT projects via an anterior (WDR 
neurons) and a lateral (NS neurons) pathway directly to different parts of the thalamus and 
subserves the sensibility of pain, temperature and gross pressure. The STT and the DMLT 
are both somatotopically organized. In addition to the STT and the DMLT, there are tracts 
projecting to reticular and homeostatic control regions of the medulla and brainstem and to 
the hypothalamus and ventral forebrain.83 
 
The brain 

Several brain structures are involved in the processing of innocuous and noxious 
somatosensory information, such as the thalamus, the somatosensory cortices and parts of 
the limbic system, such as the insula and the anterior cingulated cortices (ACC) (Figure 
2.1).1,32,44,54,74 The cell bodies in the lateral part of the thalamus are highly somatotopically 
organized, project to the primary (S1) and secondary (S2) somatosensory cortices and are 
involved in the discriminative aspects of somatosensation. Cell bodies located in the medial 
part of the thalamus project to parts of the limbic system, such as the insula and ACC that 
are involved in the sensory quality, homeostatic functions and the motivational and 
emotional aspects of pain respectively 83. 
The activity of cortical neurons is mediated by afferent input as well as by other cortical 
neurons. Again, repetitive or ongoing nociceptive ascending input may lead to central 
sensitization. Moreover, the activity of cortical neurons can be modulated intracortically, for 
example by attention and anticipation.52,53 In turn, cortical activation modulates spinal 
(nociceptive) processing via descending pathways in the spinal cord. Cortical modulation is 
mediated by parts of the limbic system (amygdala), the periaquaductal grey (PAG) and the 
rostroventral medulla (RVM) and may be inhibitory as well as excitatory.49 Stress-induced 
  ä     يح           
le of such supra-spinal pain modulation. Another mechanism of supra-spinal modulation is 
subserved by diffuse noxious inhibitory controls (DNIC).39 DNIC are located in the brain 
stem (i.e. the dorsal reticular nucleus of the caudal medulla). DNIC can be activated by tonic 
noxious and possibly by innocuous activity from the periphery.57,81 When activated, DNIC 
exert an inhibitory effect on heterotopic spinal WDR neurons and, to a lesser extent, on NS 
neurons. This effect is also known as the pain-inhibiting-pain effect.   
Persistent pain 

Unlike acute pain, persistent pain is no longer functional and may no longer be related to 
the initial cause. The mechanisms underlying the development of persistent pain are not 
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well understood, but are likely to involve a complex interplay of biological, psychological 
and social factors.51 Notably, persistent pain is often associated with personality traits (e.g. 
pain-catastrophizing), depression, anxiety and altered cognition.7,17,23,28,41,76 In patients with 
persistent pain, pain may cause a chronic interruption of attentional engagement.17 
Ultimately, persistent pain is suggested to be due to a somatosensory imbalance of 
inhibitory and excitatory modulation, favoring the facilitation of nociception.12 Several 
neurophysiological mechanisms may contribute to this imbalance.10,90 Primary afferents 
may become sensitized, may change phenotype or may become hyperinnervated. In 
addition, silent nociceptors may be recruited. In the case of neuropathic lesions, neurons 
may acquire spontaneous and/or increased stimulus-evoked activity. Dorsal horn neurons 
may become sensitized and/or become functionally or structurally reorganized leading to 
summation and amplification of incoming stimuli. The activity in spinal dorsal horn neurons 
may also be facilitated or disinhibited by supraspinal descending controls. In addition, the 
supra-spinal somatosensory system may become sensitized, disinhibited, and/or 
functionally30,88 or structurally45 reorganized as a result of ongoing nociception or due to 
neuropathic lesions.35 
 
Presumed mechanisms of post-stroke shoulder pain 

The mechanisms underlying the development of PSSP are largely unknown. Theoretically, 
PSSP may be nociceptive, peripheral or central neuropathic, or a combination of both 
nociceptive and neuropathic pain. In addition, the mechanisms responsible for the initiation 
of PSSP may be different from the mechanisms responsible for its perpetuation. This poses a 
challenge to those dealing with the diagnosis and treatment of post-stroke pain.35,63  
As proposed for central post-stroke pain, a loss of somatosensory input due to stroke may 
directly lead to a loss of inhibition or increased facilitation of supra-spinal nociception.35,85 
On the other hand, the brain lesion may lead to a facilitation or disinhibition of spinal 
nociception.13,47 Moreover, brain lesions may lead to autonomic changes15,37 or changes in 
mood and cognition70 which could indirectly alter somatosensory processing. Although 
individual cases have been reported in which PSSP was thought to be solely due to the brain 
lesion, tissue damage of the upper-extremity is likely to play an initiating role in the 
majority of patients with PSSP.22 Tissue damage may be caused by altered neuromuscular 
control after stroke combined with reduced care-taking by the patient as a result of 
impaired somatosensory and cognitive functions.71,89 The upper extremity is especially 
prone to tissue damage due to its abundant degrees of (motion) freedom and its important 
role in many activities of daily living. Trauma is, thus, often repetitive and persistent as a 
result of which even minor injuries may eventually lead to tissue damage.  
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Figure 2.2 Presumed factors contributing to PSSP development. Dotted structures represent lost 
inhibitory functions. (Repetitive) micro-trauma at the upper extremity may initiate PSSP (i.e. nociceptive 
pain). Sensitization may contribute to PSSP maintenance or worsening and may be induced directly by 
ongoing nociception or the brain lesion, as well as indirectly by other factors, either pre-morbid, related to 
the brain lesion itself or related to prolonged nociception.  
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In addition, prolonged immobility after stroke72 and the use of compensatory and 
potentially injurious movement strategies due to pain and reduced neuromuscular control 
may contribute to ongoing nociception.56 Prolonged nociception may induce structural 
reorganization at both spinal10 and supra-spinal45 neuronal levels, so that sensitization 
becomes permanent and even innocuous stimuli may become painful. In addition, 
prolonged nociception may lead to a permanent activation of DNIC2, resulting in ineffective 
endogenous inhibition. As mentioned in the previous paragraph, the presence of persistent 
pain may alter cognitions (e.g. attention) and emotions (e.g. anxiety levels)  which may 
indirectly facilitate (supra)spinal nociception.14,28,41,76 Lastly, the consequences of both the 
stroke as well as the secondary pain may change the social environment of the patient (i.e. 
interpersonal relationships) and may (unwillingly) contribute to increased pain behavior 
and PSSP perpetuation.75 A summary of the presumed mechanisms underlying PSSP is 
presented in Figure 2.2. So far, these theoretical considerations have hardly been embedded 
in the clinical or scientific approach to PSSP. 
 
From theory to practice: somatosensory assessment 

The direct assessment of pain mechanisms (i.e. changes in synaptic transmission leading to 
altered pain processing) in humans is limited for ethical reasons, and is only possible in 
animal models27 or human models of experimentally induced pain34. However, pain 
mechanisms may be studied indirectly by relating somatosensory symptoms and signs of 
clinical pain to those observed in animal or experimental pain studies. For example, animal 
and experimental models have shown that positive signs such as allodynia31,33 and 
secondary20,33,36,98 or generalized40,55 hyperalgesia are mediated (partly) by central 
sensitization processes at the spinal and supraspinal level. However, one has to bear in 
mind that one mechanism may be responsible for multiple symptoms or signs and a single 
sign may be served by multiple pain mechanisms. In addition, the relation between etiology, 
clinical pain complaints and somatosensory abnormalities is not straightforward.18,19,26,29,58 
Standardized assessment of somatosensory functions includes the assessment of 
spontaneously or stimulus-evoked negative (i.e. implicating somatosensory loss) and 
positive (i.e. implicating sensitization) symptoms and signs. Natural (receptor-mediated) 
and electrical (receptor-bypassed) sensations may be compared to assess whether 
peripheral receptors are (de)sensitized. Pain-free areas and the unaffected body side in 
unilateral stroke may be used for within-subject comparisons to assess local abnormalities. 
In addition, somatosensory abnormalities can be compared to a normative data set (i.e. 
pain-free stroke patients, healthy controls) to assess generalized (i.e. central) 
somatosensory changes. For example, the German Research Network on Neuropathic Pain 
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(DFNS) proposed a standardized clinical test protocol to define sensory profiles of positive 
and negative somatosensory signs in patients with neuropathic pain, which can then be 
matched to sensory profiles of animal or experimental human pain models with known pain 
mechanisms.60,61 In addition, more experimental paradigms may be used, for example to 
specifically address endogenous inhibitory modulation (e.g. using conditioned pain 
modulation) or cortical somatosensory processing (e.g. using electroencephalography). 
 
Symptoms 

Somatosensory symptoms can be assessed with questionnaires, such as a visual analog 
scale (VAS) or a numeric rating scale (NRS) to assess pain intensity during rest or during 
movement (0 = ‘no pain’, 100 = ‘worst pain imaginable’). Pain onset, duration, frequency, 
location, distribution, pain descriptors and impact of pain on daily living can be assessed in 
a standardized interview or using a pain questionnaire such as the McGill Pain 
Questionnnaire (MPQ).46,79 The ShoulderQ specifically assesses the timing and severity of 
hemiplegic shoulder pain.77 However, this questionnaire is only validated for the English 
language. Neuropathic pain may be assessed using the neuropathic pain diagnostic 
questionnaire (DN4)8,80 or the Leeds assessment of neuropathic symptoms and signs.3 
These neuropathic pain questionnaires generally consist of a selected list of pain 
descriptors associated with neuropathic pain syndromes and have been validated for the 
detection of various types of neuropathic pain in a clinical context.4 Higher scores on 
neuropathic pain questionnaires corresponded to a higher certainty in clinicians that the 
pain was caused by neuropathic mechanisms.5 So far, none of the neuropathic pain 
questionnaires has been validated for post-stroke pain. Validation is difficult since both the 
classification and assessment of neuropathic pain after stroke are based on the same 
somatosensory symptoms and signs, leading to a circular argumentation. Classification 
based on questionnaires should, therefore, not be the sole basis for the prognosis and 
treatment of pain after stroke. Instead, the diagnostic work-up of patients with post-stroke 
pain should involve a thorough assessment of nociceptive and neuropathic pain complaints 
and somatosensory functions.35,67 
 
Signs 

Clinical examination and quantitative sensory testing (QST) 

Table 2.2 provides an overview of clinical and quantitative sensory tests to assess  
modality-specific receptors, primary afferents and central somatosensory pathways.  



 
 
Table 2.2 Clinical examination and QST.  
 

Mo Stimulus Receptors Fiber 
Spinal 
pathway 

Clinical examination QST 

M Light touch LTM Aβ DMLS Cotton wool tip Semmes Weinstein (detection threshold) 
 Sharpness LTM & free nerve 

endings 
Aδ STT Pinprick Calibrated pins (detection threshold) 

 Vibration LTM Aβ DMLS Tuning fork Vibrameter (detection threshold) 
 Discriminative LTM Aβ DMLS e.g. stereognosis, 2 point 

discrimination 
x 

 Proprioception Muscle spindles, joint 
kinesthetic rec. 

Ia, II DMLS Position sense x 

 Pressure pain LTM, HTM Aδ, C STT Examiner's thumb Algometer (pressure pain threshold) 
T Cold Thermo-receptors Aδ STT Cold metal object, thermo-

roller/tube 
Computerized thermal testing (detection 
threshold) 

 Warmth Thermo-receptors C STT Thermo-roller/tube Computerized thermal testing (detection 
threshold) 

 Cold pain Thermal/polymodal 
nociceptors 

Aδ, C STT x Computerized thermal testing (Cold pain 
threshold) 

 Heat pain Thermal/polymodal 
nociceptors 

Aδ, C STT x Computerized thermal testing (Heat pain 
threshold), Laser (laser pain threshold) 

E Sensation none Aβ DMLS x Electrical stimulator (sensation 
threshold) 

 Pain none Aδ (Aβ) STT 
(DMLS) 

x Electrical stimulator (pain threshold) 

  Pain tolerance none Aδ, C (Aβ) STT 
(DMLS) 

x Electrical stimulator (pain tolerance 
threshold) 

 
Mo: modality; M: mechanical, T: thermal; E: electrical; LTM: low threshold mechanic; HTM: high threshold mechanic; DMLS: dorsomedial lemniscal system; 
STT: spinothalamic tract; QST: quantitative sensory testing. 
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Most of these tests are regarded to be essential in the diagnostic work-up of neuropathic 
pain and provide a good starting point for the assessment of somatosensory abnormalities 
in PSSP.6,11,16,25,26,82,97 
QST involves the application of stimuli with a predetermined intensity and frequency. 
Stimuli may be applied in several ways. The method of limits, using step-wise ascending 
and/or descending stimulus intensities, is most commonly used.9,69 In this way, several 
sensory thresholds may be established.  The minimal intensity to perceive a stimulus is the 
sensation threshold, the minimal intensity of a stimulus that is perceived as painful is the 
pain threshold, and the maximum intensity of a stimulus that evokes pain and that a subject 
is willing to tolerate in a given situation is the pain tolerance threshold (see Table 2.1).43 
Combined with a pain intensity rating scale, these thresholds may be used to scale stimulus 
input for stimulus-response functions.  
The advantage of QST over clinical testing is that it is better standardized, it allows 
assessment of abnormalities in affected and unaffected body regions, and it can be used to 
quantify (rather than merely identify) positive and negative sensory signs.26 However, both 
clinical testing and QST are dependent on the cooperation and judgment of the patient and, 
thus, remain subjective outcome measures.93 In addition, QST is more demanding in terms 
of cognitive function, requires training, and the necessary equipment is mostly lab-bound 
and expensive. Therefore, QST cannot be used in all populations and settings.9,69 
So far, somatosensory assessment in patients with PSSP has mainly involved standard 
clinical neurological examination. PSSP has been shown to be associated with a loss of 
tactile and/or thermal sensations at the affected side.21,22,42,87 However, most of these 
studies mainly focused on the assessment of negative symptoms and signs. Only one study 
reported positive signs (i.e. allodynia) in patients with PSSP.87 
Moreover, the precise relation between these somatosensory changes, pain severity and the 
quality of shoulder pain was not investigated and, thus, remained unclear. 
 
Experimental methods 

In healthy subjects, the application of a tonic painful conditioning stimulus (e.g. a cold water 
bath) results in reduced pain in response to a painful test stimulus. This reduction in pain 
intensity (e.g. pain threshold increases, VAS score decreases) induced by the conditioning 
stimulus is thought to be mediated by DNIC and was recently termed conditioned pain 
modulation (CPM).57,81,94 In several types of persistent pain, CPM is reduced or does not 
occur.38,68 In addition, reduced CPM has been shown to predict the development of 
persistent post-operative pain.95 CPM may therefore serve as a tool to assess the 
effectiveness of endogenous pain modulation.81  
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Cortical changes related to the presence of clinical pain or to the processing of noxious or 
innocuous somatosensory stimuli can be measured in various ways, including functional 
magnetic resonance imaging (fMRI), positron emission tomography (PET) and 
electroencephalography (EEG).74 The temporal and (to a lesser extent) spatial 
characteristics of somatosensory excitability can be assessed by measuring brain scalp 
activation using EEG in response to somatosensory stimuli applied to the skin or to a 
peripheral nerve. The timing of these so-called evoked potentials (EPs) is dependent on the 
modality of the stimulus (e.g. laser, electrical) and reflects both sensory-discriminative 
(early components) as well as cognitive-evaluative (late components) somatosensory 
processing.50,92,96 
 
Conclusions 

Pain mechanisms underlying PSSP are likely to be complex and may involve both 
nociceptive and neuropathic mechanisms in both the peripheral and central nervous 
system. A better understanding of PSSP mechanisms starts with dedicated assessment of 
the pain complaints and the somatosensory system. Somatosensory assessment in patients 
with PSSP has, so far, been limited to clinical examination. Therefore, studies aiming to 
further characterize somatosensory functions in patients with PSSP (initially) need to take a 
broad methodological approach including clinical as well as more experimental pain 
research tools. Our research group has recently worked on study protocols applying this 
theoretical framework and some of these tools to further address the pathophysiology of 
persistent PSSP, and results are promising. Notably, we showed that persistent PSSP in the 
chronic phase after stroke was consistently associated with somatosensory loss as well as 
with somatosensory sensitization65,67 and with central changes related to altered cognitive-
evaluative somatosensory processing62. Many patients presented with neuropathic pain 
complaints67, which may contribute to diagnostic uncertainties in the clinic as well as in 
post-stroke pain research63. Most importantly, we showed that the influence of the 
presumed initiating factors may gradually decrease during the persistence of PSSP and that 
pain perpetuation may be related to a vicious circle of pain, limited range of motion, re-
injury and somatosensory sensitization.64,66 The results of these studies warrant further 
investigations of peripheral and central pain mechanisms in patients with PSSP. Most 
importantly, such studies may explain why persistent PSSP and unsatisfactory pain relief 
are common after stroke, despite active prevention and treatment strategies, and may 
provide a basis for improved clinical management of PSSP. 
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Abstract 

Persistent shoulder pain is a common complication after stroke. Its etiology and underlying 
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 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. Sensory abnormalities were more 
frequently observed and more severe in patients with PSSP. These included positive 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. 
Prevention and treatment of PSSP could benefit from a more detailed analysis of both 
peripheral and central pain mechanisms. 
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Introduction 

Pain is a common complication after stroke.20,33 Post-stroke pain is a great burden for the 
patient and impedes rehabilitation.47,57 One of the most reported types is post-stroke 
shoulder pain (PSSP) which typically develops at the affected side after two to three 
months.13,15,20,41 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.49,52,64 
Furthermore, several studies have suggested that reduced motor function14,15,17,31,33,39, 
depression14,15,33 and reduced somatosensory function14,15,17,33,35,61 may contribute to the 
development of PSSP. Clinical presentations of PSSP, CPSP and post-stroke complex regional 
pain syndrome type 1 (shoulder-hand syndrome) may show considerable overlap 
complicating the diagnosis and prognosis of post-stroke pain.24,45 
PSSP may resolve spontaneously in the course of rehabilitation, but is persistent (> 14 
months) in 65 % of the patients.31 The evidence for effective therapeutic interventions 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 reduction.42 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.45 
The assessment of positive and negative somatosensory symptoms and signs in relation to 
the pain complaints is one of the first steps towards a better understanding of pain 
mechanisms.43,44 Although the relationship between symptoms and signs and pain 
mechanisms is still under debate18, several symptoms and signs, such as sensory loss (e.g. 
spinothalamocortical tract lesions), allodynia, and generalized hyperalgesia, have been 
associated with experimentally induced central sensitization21,25,59 and/or various forms of 
chronic nociceptive48 or neuropathic6,10,58 pain. In addition, endogenous pain modulation, 
involving supraspinal diffuse noxious inhibitory controls (DNIC),29 has been shown to be 
impaired in various types of chronic pain, such as painful osteoarthritis28, whiplash22 and 
neuropathic pain62. 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 negative 
somatosensory symptoms and signs and 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 
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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 previously 
reported associations with negative signs, PSSP would be associated with positive 
somatosensory symptoms 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 two regional rehabilitation centers in the Netherlands (Roessingh 
Rehabilitation Center in Enschede and Sint Maartenskliniek in Nijmegen). The outpatient 
databases were searched for stroke patients that had been hospitalized in the two years 
prior to the start of inclusion (fall 2007). Patients fulfilling the inclusion 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 one of the researchers (M.R.) by mail. Healthy subjects (age 40 - 60) were 
recruited through advertisements in local community 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 (e.g. multiple sclerosis, HIV/AIDS, peripheral 
neuropathy), not being able to reliably determine sensory thresholds during a training 
session prior to the experiment and other pain complaints than ‘simple’ shoulder pain (e.g. 
CPSP24, wide-spread pain or shoulder-hand syndrome). Healthy control subjects had to be 
free of any neurological or psychiatric disorder, diabetes mellitus, psychotropic 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 postponed 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 
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study protocol and all participants 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 medication 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 using the ZUNG self-rating 
depression scale (score: 20 - 80) which has been validated for both healthy subjects and 
stroke patients.51 Cognitive state was assessed using the Mini Mental State Exam (MMSE, 
score: 0 - 30, cognitive impairment was defined as MMSE score < 24).50 Physical 
examination included the assessment of trophic changes in the arms and hands (severe 
color or perspiration changes or asymmetry, edema, assessed by visual inspection and 
subject reports), glenohumeral subluxation (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), severity of paresis of the upper extremity (assessed with 
the Motricity Index, 0 = completely paretic, 100 = no paresis)9 and spasticity of elbow 
flexors and shoulder internal rotators (Modified Ashworth Scale, score: 0 - 5, spasticity was 
defined as MAS > 1)4. For passive pain-free ranges of motion (shoulder elevation and 
external rotation) a ratio between sides was calculated for further analysis (PSSP and PF: 
affected/unaffected, HC: non-dominant/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, UK).56 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 indicate whether sensation was equal, diminished or 
increased compared to the opposite side (affected versus unaffected side in stroke patients, 
non-dominant 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 
considered as allodynia (tactile, cold, sharpness).32 All tests were performed by the same 
experimenter (M.R.) 
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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 assessment was performed 
using mechanical QST.18 The tactile detection threshold (TDT) was determined using five 
Semmes Weinstein filaments (sizes: 2.83, 3.61, 4.31, 4.56, 6.65; Touch-Test Hand Kit, North 
Coast Medical, Inc, UK). The filaments were applied on the upper arm over the higher and 
lower part of the middle 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, 
Sweden). A stimulation surface of 1 cm2 and a slope of 50 kPa/s were used. The maximum 
pressure that could be delivered was 2000 kPa. Subjects were instructed to keep their arm 
in zero degrees shoulder abduction and 90 degrees elbow flexion 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 increasing 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 the peripheral receptor. 
Differences in electrical and natural 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, the Netherlands). This stimulator operated via a Bluetooth connection 
with a personal computer. The stimulator settings were controlled via custom built 
software (labVIEW, National Instruments, USA). The stimulator was set to generate 
electrical pulses with an increasing amplitude (pulse width: 0.2 ms, frequency: 100 Hz, 
ramp: 0.4 mA/s, maximum stimulus amplitude: 16 mA). The stimulator was attached to the 
upper arm via two Ag/AgCl electrodes (stimulation surface: 95 mm2, AMBU, Denmark) that 
were placed just above the deltoid tuberosity of the humerus. Subjects could manually 
activate the stimulator by pressing a switch. To determine 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 
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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 (0-0.5 ºC). 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 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 
conceivable pain). Directly afterwards, the EPT and PPT were determined twice at the 
affected (in PSSP and PF patients) or non-dominant (in HC) upper arm. The thresholds 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 deviations or frequencies were determined. For routine clinical examination, 
frequencies of abnormal, diminished and increased sensation and allodynia or hyperalgesia 
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 individual sensory abnormalities.44 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 non-
dominant/dominant). Moreover, threshold abnormalities were determined by normalizing 
individual QST ratios of patients to the HC data set using a z-transformation to assess the 
frequency of individually increased or decreased somatosensory function.44 Hypoesthesia 
(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 pre-post ratio 
(post/pre). All ratios were log-transformed prior to statistical analysis.44 



Chapter 3 

54 

Statistical analysis 

Statistical software package SPSS 16.0 for Windows was used (SPSS Inc., Chicago, IL, USA). 
In order to identify the somatosensory changes related to PSSP, continuous data was 
statistically tested using one-way analysis of variances (ANOVA) with factor ‘Group’ (PSSP, 
PF, HC). The Least Significant Difference was used for post-hoc multiple 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’ (PSSP, PF, HC). 
Differences between groups were attributed 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, dystrophic changes and depression scores were 
ruled out using additional multivariate analyses, with either ‘QST thresholds’ (affected, 
unaffected, ratios) or ‘Cold pressor parameters’ (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 < 0.05 level using 2-tailed analysis. 
 
Results 

Demographics and medical examination 

A summary of the demographics and medical examinations for each group is presented in 
Table 3.1. Analgesics (cox-inhibitors or non-steroidal anti-inflammatory drugs) were used 
on a regular basis by seven PSSP patients. In addition, some patients used anti-depressants 
(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 3.1). 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. 
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Table 3.1 Demographics and medical characteristics, mean ± SD or number of subjects (%). 
 

  
PSSP 

(n=19) 
PF 

(n=29) 
HC 

(n=23) 
p 

(vs PF) 
p 

(vs 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) 45.4 ± 6.0 35.9 ± 6.0 31.0 ± 4.8 < 0.001 < 0.001 
Trophic changes hand/arm 8 (42%) 3 (14%) 0 (0%) ns 0.001 
Severity of paresis (MI) 46 ± 38 59 ± 43 100 ± 0 ns < 0.001 
ROM abduction  0.41 ± 0.19 0.74 ± 0.27 1.00 ± 0 < 0.001 < 0.001 
ROM external rotation 0.41 ± 0.34 0.76 ± 0.19 1.03 ± 9 < 0.001 < 0.001 
Spasticity elbow flexion 15 (79%) 20 (69%) 0 (0%) ns < 0.001 
Spasticity shoulder internal 
rotation 

13 (68%) 17 (58%) 0 (0%) ns < 0.001 

Glenohumeral subluxation 10 (53%) 11 (38%) 0 (0%) ns < 0.001 
   Severity (mm) 3.9 ± 4.6 3.8 ± 4.9 0 ± 0 ns < 0.001 
Pain intensity (NRS)      
   Rest 3.5 ± 2.8     
   Movement 5.7 ± 3.0     
Pain duration (months) 19 ± 13     

 
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; 
ZUNG: Zung self-rating depression scale; MI: Motricity Index; ROM: shoulder pain-free passive range of 
motion (patients: ratio score affected/unaffected side; HC: ratio score non-dominant/dominant side); 
NRS: numeric rating scale; ns: not significant (p > 0.05). 

 

Routine clinical examination 

Table 3.2 presents the frequency of subjects with abnormal sensation, allodynia and 
hyperalgesia for each group. PSSP was associated with diminished touch sensation, 
abnormal 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 3.3. 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, irrespective 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 Figure 3.1. 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 3.4.  



Chapter 3 

56 

Table 3.2. Clinical examination: abnormal sensation and allodynia, number of subjects (%). 
 

  
PSSP 

(n=19) 
PF 

(n=29) 
HC 

(n=23) 
p 

(vs PF) 
p 

(vs HC) 
T abnormal 13 (68%) 12 (41%) 2 (9%) ns 0.000 
    diminished 13 (68%) 9 (31%) 2 (9%) 0.021 0.000 
    increased 0 (0%) 3 (10%) 0 (0%) ns ns 
 allodynia 1 (5%) 0 (0%) 0 (0%) ns ns 
C abnormal 15 (79%) 13 (45%) 2 (8%) 0.034 0.000 
    diminished 9 (47%) 11 (38%) 1 (4%) ns 0.000 
    increased 6 (32%) 2 (7%) 1 (4%) 0.025 0.018 
 allodynia 3 (16%) 0 (0%) 0 (0%) 0.027 0.048 
P abnormal 13 (68%) 12 (41%) 0 (0%) ns 0.000 
    diminished 13 (68%) 12 (41%) 0 (0%) ns 0.000 
    increased 0 (0%) 0 (0%) 0 (0%) x x 
 allodynia 0 (0%) 0 (0%) 0 (0%) x x 
S abnormal 14 (74%) 14 (48%) 5 (22%) ns 0.001 
    diminished 10 (53%) 7 (24%) 3 (13%) ns 0.002 
    increased 4 (21%) 7 (24%) 2 (9%) ns ns 
 hyperalgesia 5 (26%) 0 (0%) 0 (0%) 0.004 0.009 

 
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; T: touch; C: cold; P: proprioception; S: sharpness; 
ns: not significant (p > 0.05). 

 

 
Table 3.3 Raw quantitative sensory testing thresholds, mean ± SD. 
 

  
PSSP 

(n=19) 
PF 

(n=29) 
HC 

(n=23) 
p 

(vs PF) 
p 

(vs HC) 
UA (D) TDT (size) 3.69 ± 0.44 3.52 ± 0.46 3.30 ± 0.45 ns 0.007 

 EST (mA) 1.01 ± 0.40 1.14 ± 0.46 0.93 ± 0.33 ns ns 
 EPT (mA) 2.73 ± 1.94 2.94 ± 2.05 3.81 ± 1.95 ns 0.026 
 EPTT (mA) 5.18 ± 3.07 5.57 ± 3.80 7.40 ± 2.48 ns 0.007 
 PPT (kPa) 379 ± 178 434 ± 207 467 ± 176 ns ns 

A (ND) TDT (size) 4.71 ± 1.08 3.89 ± 0.73 3.20 ± 0.45 0.001 0.000 
 EST (mA) 3.00 ± 3.67 1.48 ± 0.80 0.93 ± 0.30 0.018 0.000 
 EPT (mA) 5.49 ± 3.87 4.03 ± 3.00 3.85 ± 1.70 ns ns 
 EPTT (mA) 7.66 ± 4.23 7.92 ± 5.48 6.65 ± 2.30 ns ns 
 PPT (kPa) 454 ± 401 451 ± 230 462 ± 163 ns ns 

 
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: non-dominant 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 (p > 0.05). 
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Figure 3.1 Threshold ratios (affected/unaffected) for each patient group (mean ± standard error). A/UA: 
affected/unaffected; ND/D: non-dominant/dominant; TDT: tactile detection threshold; EST: electrical 
sensation threshold; EPT: electrical pain threshold; EPTT: electrical pain tolerance threshold; PPT: pressure 
pain threshold. * p < 0.05, ** p < 0.01. 

 

 
Table 3.4 Abnormal z-scores of threshold ratios, number of subjects (%). 
 

    
PSSP 

(n=19) 
PF 

(n=29) 
p 

TDT hypoesthesia 14 (74%) 20 (34%) 0.015 
 hyperesthesia 0 (0%) 0 (0%) ns 
EST hypoesthesia 10 (53%) 5 (17%) 0.014 
 hyperesthesia 0 (0%) 0 (0%) ns 
EPT hypoalgesia 9 (47%) 4 (14%) 0.015 
 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 

 
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. 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. 
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Figure 3.2 Electrical pain thresholds (A) and pressure pain thresholds (B) before (pre) and after (post) cold 
pressor testing. UA/D: unaffected (patients) or dominant (healthy controls); EPT: electrical pain threshold; 
PPT: pressure pain threshold. ** p < 0.01. 
 
Hypoesthesia (TDT, EST) and 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 
patients groups. Hypoalgesia and hyperalgesia were more often observed in the PSSP group, 
but this was not statistically significant. 
 

Cold pressor test 

Mean thresholds before and after the cold pressor test and threshold ratios (post/pre) are 
depicted in Figure 3.2 A (EPT) and B (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 physical response to cold pressor 
hand immersion). In another PF patient the PPT could not be determined due to a technical 
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 analysis revealed significant higher EPTs (p < 0.001) 
and PPTs (p < 0.001) after the cold pressor test. This effect was not different comparing 
groups (p > 0.05). In addition, also when comparing threshold ratios (post/pre) no 
significant differences were found comparing groups (p > 0.05).  
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Mean duration ± standard deviation of hand immersion 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 = 0.04) 
and controls (p = 0.02). 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 and conclusions 

This study investigated the role of central sensitization and disinhibition in chronic PSSP by 
assessing positive and negative somatosensory symptoms and signs and 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 have explicitly reported on the 
direction (increased/decreased) of somatosensory abnormalities or on positive signs such 
as allodynia and hyperalgesia. Like in previous studies, this study showed that PSSP was 
associated with reduced tactile14,15,17,31 and cold14,15 sensation and with reduced 
proprioception35 at the affected side as compared to control groups. Besides being more 
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 significant, 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 CPSP1,30,55 and for post-stroke complex regional pain syndrome11,36. Both the 
frequency1,16,30 and severity7 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 pain61, 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 micro-trauma.41 In addition, loss of 
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sensory function, and specifically loss of spinothalamocortical tract function, has been 
implicated in mechanisms of central pain24 and is considered a prerequisite for the 
development of central neuropathic 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 questionnaire5, 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.46  
 
Positive somatosensory signs 

Only sharpness allodynia (by others also referred to as punctate hyperalgesia) has 
previously been implicated in PSSP.61 Generally, allodynia to touch or cold is considered as a 
supportive factor for the diagnosis of CPCP.6,24,34 In 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 disinhibition. 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 non-receptor mediated electrical stimuli indeed suggests that peripheral 
nociception was increased.23 This is supported 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.  
In addition, several of the positive findings may be due to central sensitization and/or 
disinhibition. Theoretically, central sensitization or disinhibition may occur at both the 
spinal and supra-spinal level and may be due to ongoing nociception (neuroplasticity) or to 
the brain lesion. From experimental studies it is known that cold allodynia3,21, punctate 
hyperalgesia59 and tactile (dynamic mechanical) allodynia26 are (partly or completely) 
caused by central sensitization. Moreover, a reduction in pain thresholds in an unaffected 
region of patients with chronic pain is considered to be mediated by central sensitization 
and/or central disinhibition8,40,48, although a reduction in cold pain tolerance has also been 
related to disturbed cognitive and emotional aspects of clinical and experimental pain19.  
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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 diffuse noxious 
inhibitory controls (DNIC)29. Using CPM paradigms,54,60 DNIC have previously been shown 
to be impaired in several types of chronic pain, such as fibromyalgia27, osteoarthritis28 and 
whiplash22, and impaired DNIC may predict the development of chronic pain.22,63 However, 
in pain-free stroke patients with thalamic or cortical lesions, but also in patients with 
central post-stroke pain, CPM has been shown to be equal to controls.12,53 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.53 Moreover, since CPM may have a differential effect on different test stimuli28,62, 
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 limitations. First, it provides no insight into 
the causal role of any of the somatosensory symptoms or signs in the development of 
chronic PSSP. Previous studies have indicated that impaired somatosensory functions may 
act as risk factors for PSSP.2,15,33 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. Analgesics, only used 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, 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 pressor test would have given different outcomes. However, 
literature is inconsistent regarding the relation between the intensity of the conditioning 
stimulus and the magnitude of CPM.38 Moreover, subjects may or may not adapt to tonic 
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painful cold stimuli, involving a different timing of pain perception over the course of 
immersion.37  
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 associated with the development of PSSP, such as the severity of 
paresis, spasticity and glenohumeral subluxation. Assessment of PSSP should, therefore, not 
only focus on the shoulder joint, but should also involve the somatosensory system. In this 
context, the use of “pain research tools”, such as a thorough clinical examination, QST or 
CPM is important since they may establish the presence of peripheral and/or central 
sensitization by quantifying sensory changes on both the affected and unaffected side of the 
stroke patients and by assessing supraspinal inhibitory functions. The use of these tools 
should be promoted in order to better understand the mechanisms underlying PSSP. Since 
the causal relationship between altered somatosensory functions and chronic PSSP 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.  
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Abstract 

Post-stroke shoulder pain (PSSP), traditionally regarded as purely nociceptive pain, is often 
persistent and the mechanisms underlying the pain complaints are not well understood. 
This explorative study is the first to address the possible changes in cortical somatosensory 
processing in patients with PSSP. Cortical potentials were recorded following 
intracutaneous electrostimulaton in stroke patients with chronic PSSP (n=6), pain-free 
stroke patients (PF, n=14) and healthy controls (HC, n=20) using electroencephalography 
(EEG). Amplitudes and latencies of both sensory discriminative (N90) as well as cognitive 
evaluative (N150, P200, the N150-P200 peak-to-peak difference and P300) evoked 
potential components were evaluated. Stroke was associated with reduced N150 and P300 
amplitudes and increased N90, N150 and P300 latencies at both sides. Compared to PF and 
HC, the P200 and N150-P200 latencies were increased in PSSP patients after stimulation at 
both sides, even when comparing subgroups with similar lesion size and location. Stroke 
was associated with reduced sensory-discriminative as well as cognitive-evaluative cortical 
somatosensory processing. This reduction was more pronounced in patients with PSSP and 
may be related to the central effects of persistent nociceptive pain. 
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Introduction 

Pain is a common complication after stroke. In recent studies, post-stroke shoulder pain 
(PSSP) has been reported in about 40% of patients.1,21,22,35,38,47,52 PSSP is typically regarded 
as nociceptive pain.58 Nociception occurs after tissue damage and can be defined as the 
neural processes of encoding and processing noxious stimuli.37 In contrast, central post-
stroke pain (CPSP) is diagnosed when the pain is a direct consequence of a brain lesion 
affecting the central somatosensory system.37 CPSP is observed in 8 % of stroke patients.34 
In PSSP, treatment aimed at reducing peripheral nociception through relief of 
biomechanical stress or capsular inflammation (e.g. by strapping or corticosteroid injection) 
is often unsatisfactory and many patients report persistent pain.35,58 In addition, patients 
with chronic PSSP may present with several signs of central sensitization (allodynia, 
generalized hyperalgesia).51 Indeed, the clinical presentations of patients with PSSP and 
CPSP show considerable overlap, suggesting that central (pain) processing may be altered 
in patients with PSSP.34,49 
Theoretically, altered central (pain) processing in PSSP may be directly due to the brain 
lesion and/or indirectly due to central changes associated with ongoing nociception from 
the periphery. For example, brain lesions within the spinothalamocortical tract may lead to 
increased supra-spinal excitability and have been related to the development of CPSP.34 
Indirectly, ongoing pain from the periphery may lead to sensitization of spinal and supra-
spinal structures.13 In addition, ongoing pain may induce functional20 as well as structural40 
cortical reorganization of somatosensory and motor systems, as has been observed in 
patients with chronic neuropathic or musculoskeletal pain. Moreover, the central 
processing of somatosensory stimuli has been shown to be impaired in patients with 
chronic pain  in whom pain is suggested to cause a chronic interruption of attentional 
engagement.19,57 
The central processing of somatosensory stimuli can be objectively assessed using cortical 
evoked potentials (EPs). EPs can be measured at the scalp in response to various peripheral 
stimuli (i.e. laser, electrical stimulation). In pain-free stroke patients, abnormalities in early 
EPs after median (N20, P25) or tibial (N35, P40) nerve stimulation have been related to 
impaired processing of input from the dorsomedial lemniscal pathway, resulting in reduced 
touch sensation and proprioception33,64, whereas abnormalities in laser evoked potentials 
have been related to impaired processing of input from the spino-thalamo-cortical tract7, 
resulting in reduced thermal and sharpness sensations27,65. Late EP components, for 
example in response to electrocutaneous stimulation (N150, P200, P300), have been related 
to cognitive-evaluative processes involved in the processing of somatosensory stimuli.41,66,68 
In stroke research, assessment of late electrical EP components has received little attention 
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and results are inconsistent.15,67 So far, there is no report of any type of EP assessment in 
patients with PSSP. In patients with central pain, the presence of pain has been related to 
reduced amplitudes and/or longer EP latencies suggesting that somatosensory deficits are a 
prerequisite for the development of neuropathic pain.10,25,29. In contrast, central pain26,53 and 
experimentally induced central sensitization39 have also been associated with increased EP 
amplitudes. So far, the precise relation between (clinical) pain complaints and alterations in 
EPs is, therefore, not well understood. 
The goal of this explorative study was to investigate whether PSSP was associated with 
alterations in the cortical processing of somatosensory stimuli. Cortical potentials were 
evoked in stroke patients with chronic PSSP, pain-free stroke patients (PF) and healthy 
controls (HC) using intracutaneous electrical stimulation at the middle finger of both hands 
at 2 stimulation intensities and were recorded using EEG. Amplitudes and latencies of 
middle-late and late EP components (N90, N150, P200, the N150-P200 peak-to-peak 
difference and P300) were evaluated. In addition, sensory examination was performed 
using clinical examination and quantitative sensory testing (QST). 
 
Methods 

Subjects 

Cortical somatosensory processing was assessed in stroke patients with persistent shoulder 
pain (PSSP, n = 10), pain-free stroke patients (PF, n = 17) and healthy controls (HC, n = 21). 
Patients were recruited in a rehabilitation center in the Netherlands (Roessingh 
Rehabilitation Center in Enschede) as part of a larger cross-sectional study.50 The outpatient 
databases were searched for stroke patients that had been hospitalized in the 2 years prior 
to the start of inclusion (fall 2007). Patients fulfilling the inclusion 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 one 
of the researchers (M.R.) by mail. Healthy subjects (age 40 - 60 years) were recruited 
through advertisements in local community centers and newspapers.  
All patients (age > 18 years) sustained a unilateral brain infarction (clinical diagnosis). All 
patients had a stroke onset of at least 6 months prior to participation. Patients with 
persistent shoulder pain (daily pain lasting longer than 3 subsequent months) with an onset 
post-stroke were allocated to the PSSP group. Pain-free patients with no long-lasting pain 
complaints (> 1 week in the last 3 months) were allocated to the PF group. Exclusion 
criteria were: pregnancy, trauma, infection, signs of any possible concomitant neurological 
condition (e.g. epilepsy, multiple sclerosis, peripheral neuropathy), the presence of other 
pain complaints (e.g. wide-spread pain, complex regional pain syndrome or shoulder-hand 
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syndrome) or not being able to reliably determine sensory thresholds during a training 
session prior to the experiment. Healthy control subjects had to be free of any neurological 
or psychiatric disorder, diabetes mellitus, psychotropic medication or long-lasting pain 
complaints. The study was approved by the local human ethics committee. All subjects 
received written and oral information about the study protocol and all participants gave 
informed written consent prior to their participation. 
 
Demographics and medical examination 

General demographic characteristics such as age, sex and (for the patients) stroke latency, 
lesion side, lesion size, lesion location and medication use were registered. Lesion size 
(small, medium, large, very large) and lesion location (cortical, subcortical, both cortical and 
subcortical, involvement of insula, anterior cingulate cortex and/or thalamus) were 
assessed by a radiologist from computed tomography or magnetic resonance scans (when 
available). Cognitive state was assessed using the Mini Mental State Exam (MMSE, score: 0 - 
30) and severe cognitive impairment was defined as a MMSE score < 24.59 The emotional 
state was assessed using the ZUNG self-rating depression scale (score: 20 - 80) which has 
been validated for both healthy subjects and stroke patients.61 Arm function was assessed 
using the Motricity Index (0 = complete paresis, 100 = normal function).14  The presence of 
glenohumeral subluxation was assessed by palpation (in steps of 5 mm). Shoulder pain 
intensity was evaluated both at rest and during movement with an 11-point Numeric Rating 
Scale (NRS, 0 = no pain, 10 = maximum conceivable pain). Pain duration was registered. In 
addition, neuropathic-like shoulder pain complaints were assessed using the neuropathic 
pain diagnostic questionnaire (DN4, score: 0 – 10).6 The DN4 consist of 10 items comprising 
pain descriptors and somatosensory signs. Scoring at least 4 items positively is suggestive 
of pain of predominantly neuropathic origin. Patients were classified as having neuropathic-
like shoulder pain when scoring at least 4 on the DN4.6 
 
Sensory examination 

Sensory examination consisted of clinical examination and mechanical and electrical QST 
and took place in a separate experimental session, preceding the evoked potential 
recordings. Clinical examination included subjective sensation (normal, increased, 
diminished, allodynia) to touch, cold and sharpness at the upper arm and proprioception of 
the thumb. All QST thresholds were determined at the upper arm (C5 dermatome) using the 
method of limits and the start-side of stimulation was randomized between subjects.12 
Tactile detection thresholds were determined using Semmes Weinstein filaments (sizes: 
2.83, 3.61, 4.31, 4.56, 6.65). Pressure pain thresholds were determined using a somedic 
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pressure algometer (stimulation surface: 1 cm2, slope: 50 kPa, maximum output: 2000 kPa). 
For the electrical QST thresholds an ambulant electrical stimulator was used (pulse width: 
0.2 ms, frequency: 100 Hz, ramp: 0.4 mA/s, Ag/AgCl electrodes (AMBU Denmark) with 
stimulation surface: 95 cm2). Subjects could manually activate the stimulator by pressing a 
switch. To determine the electrical sensation threshold (EST), subjects were instructed to 
release the switch when the electrical pulses were perceived for the first time. To determine 
the electrical pain threshold (EPT), subjects were instructed to release the switch when the 
electrical pulses were perceived as both stinging and annoying. To determine the electrical 
pain tolerance threshold (EPTT) subjects were instructed to release the switch when the 
electrical pulses were perceived as burning and very annoying. Patients were trained to 
determine electrical QST thresholds reliably prior to participating in the experiment. For 
analysis, absolute thresholds were used for the unaffected side and relative 
(affected/unaffected) thresholds for the affected side. Ratios were log-transformed prior to 
statistical analysis.48  
 

Evoked potentials 

Electrical stimulation 

Cortical potentials were evoked at the tip of the middle finger of both hands by 
intracutaneous electrical stimulation according to the method described by Bromm and 
Meier.8 With this method, combined activation of Aβ and Aδ cutaneous afferents is achieved. 
Two electrodes with 1 mm diameter gold tips embedded in insulating material were used. 
The electrode was placed in a small opening that was drilled in the upper layer of the skin 
using a dental gimlet (diameter: 1 mm). The sensation threshold (Is) had to be below 1 mA. 
If not, preparation was regarded insufficient and tried again. A rectangular surface electrode 
(4 x 9 cm Klinerva Blue Electrode) was placed at the distal part of the upper forearm as an 
anode. A battery-driven computer-controlled current stimulator was used to generate the 
stimuli. The stimulus was a bipolar rectangular current pulse with a stimulus duration of 0.2 
ms. The Is and pain threshold (Ip) were determined for each hand, using the ascending 
method of limits by increasing the stimulus amplitude from zero with steps of 0.1 mA. The 
Is was defined as the stimulation amplitude at which the stimulus was perceived for the first 
time. The Ip was defined as the stimulation amplitude at which the stimulus was first 
perceived as painful. Is and Ip were each determined 3 times and averaged. The final fixed 
stimulation amplitude (Ie) was calculated by averaging Is and Ip.62 The intensity of the 
stimulus was varied using pulse modulation. Single pulses and pulse trains of 5 pulses were 
used. The inter-pulse interval used for the pulse trains was 5 ms. To make sure that 
stimulation with the pulse trains was tolerable, the trains were applied with increasing 
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amplitude starting from Is before starting the actual protocol. If necessary, Ie was adjusted 
so that pulse trains were described as a tolerable but clear pricking painful sensation. 
 

EEG recordings 

Electrical brain activity was continuously recorded using a 64-channel EEG Refa-72 system 
(ANT, the Netherlands). A 64-channel Waveguard EEG cap with Ag/AgCl electrodes was 
used according to the international 10-5 system. All scalp electrode impedances were below 
5 kΩ. The ground electrode was placed at the forehead or just below the right eye 
(depending on what provided the best raw signal). Two Ag/AgCl electrodes were placed 
just above and under the left eye to record the electrooculogram (EOG). Data was recorded 
using ASA software (ANT software BV, the Netherlands) with a sample frequency of 1024 
Hz. The signals were filtered offline at band-pass 0.3-120 Hz. Data from –100 to –10 ms pre-
stimulus was used for baseline correction. The time window of analysis was –100 ms pre-
stimulus to 400 ms post-stimulus. Data recorded at Cz was referred to linked earlobes 
(A1A2) and data recorded at C3 and C4 was referred to Fz. All off-line data analysis was 
performed in Matlab®. 
 
Procedure 

The stimulus protocol consisted of 3 blocks. During each block, stimuli were delivered 
alternately to the affected and unaffected (PSSP and PF) or non-dominant and dominant 
(HC) side. Each hand was stimulated 20 times using 10 single pulse stimuli and 10 pulse 
train stimuli. The start-side of stimulation was randomized between subjects. The order of 
stimulus intensity (1 or 5 pulses) was semi-randomized. The inter-stimulus-interval 
between 2 successive stimuli varied randomly between 5 and 7 seconds. In order to 
maintain attention, subjects were asked to verbally rate the perceived strength of each 
stimulus on an 11-point numeric rating scale (0 = no sensation, 10 = maximum conceivable 
pain). The first stimulus corresponded to a pulse train stimulus. Subjects were instructed to 
rate this first stimulus as a 6 on the numeric rating scale. Each block was followed by a short 
break. For each subject the average Ie (across the 3 blocks) was calculated for further 
analysis. NRS scores were not further analyzed. 
 
EP analysis 

First, trials with an EOG artifact exceeding ± 70 μV in a time window of –100 to –10  ms pre-
stimulus and 60 to 400 ms post-stimulus were rejected. Non-rejected data was accepted 
after visual inspection for missed EOG or muscular artifacts. Over all blocks, at least 10 (out 
of 30) EP trials had to be available for analysis (for each hand and stimulus intensity) 
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otherwise subjects were excluded. For each subject, the remaining trials were averaged 
separately for each of the used stimulus intensities (single pulse, pulse train) and for each 
hand (both hands: Cz-A1A2, right hand: C3-Fz, left hand: C4-Fz). In addition, EPs were 
averaged for each group (PSSP, PF, HC). Due to high variation across subjects, the 
amplitudes and latencies of late EP components were determined manually by visual 
inspection of the individual averaged EPs. The N90 EP component (around 90 ms post-
stimulus) was detected in the contralateral EP (C3-Fz for right hand stimulation and C4-Fz 
for left hand stimulation). At the vertex (Cz-A1A2), the amplitudes and latencies of the N150 
peak (negative peak around 150 ms), the P200 peak (positive peak around 200 ms) and 
P300 peak (positive peak around 300 ms) were determined. The peak-to-peak amplitude 
and latency for N150 and P200 (N150-P200) was calculated as well. For each group (PSSP, 
PF, HC), averages, standard deviations and standard errors were calculated for Ie (for each 
hand) and for the amplitude and latencies of the late EP components (N90, N150, P200, 
N150-P200 and P300 for each hand and stimulus intensity). Preliminary analysis showed 
that pulse train stimulation lead to higher EP amplitudes in all the EP components and in all 
groups alike. Furthermore, no latency differences were observed comparing single pulse to 
pulse train stimulation. Therefore, to increase statistical power, EPs after single pulse and 
pulse train stimulation were pooled. 
 

Statistical analysis 

Statistical software package SPSS 16.0 for Windows was used (SPSS Inc., Chicago, IL, USA). 
For each group, frequencies or means ± standard deviations were calculated for the 
demographic data and for the results of medical and sensory examinations. Group 
differences for demographic, medical and sensory examinations were statistically tested 
using either Chi-square tests or Kruskal-Wallis (comparison of 3 groups) and Mann-
Whitney U (pairwise comparisons) testing. Group differences for Ie and for amplitudes and 
latencies of the EP components (N90, N150, P200, N150-P200 and P300) were tested 
separately using a repeated measures analysis of variance with the between-subjects-factor 
‘Group’ (PSSP, PF and HC) and the within-subjects-factor ‘Side’ (affected and unaffected for 
PSSP and PF, non-dominant and dominant for HC). Bonferroni correction was used for post-
hoc multiple comparisons between groups. Significant interaction effects between ‘Group’ 
and ‘Side’ were evaluated using 1-way analyses of variance for each side separately, using 
the factor ‘Group’ (PSSP, PF and HC). For all tests, statistical significance was assigned at the 
p < 0.05 level using 2-tailed analysis. 
To control for the potential confounding of lesion size and location, a sub-analysis was 
performed in which all patients without a confirmed lesion or with a very large lesion were 
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excluded. The PF group was matched for lesion size and location to resemble the PSSP 
group. The sub-analysis was performed similarly as the overall analysis, however, statistical 
testing was only performed for amplitudes and latencies of the EP components. 
 

Results 

Demographics and medical characteristics 

Four PSSP and 3 PF patients and 1 HC subject were excluded from analysis because visible 
EP components were lacking or less than 10 (out of 30) EP trials (for each hand and 
stimulus intensity) were available.  
Thus, data from a total number of 6 PSSP and 14 PF patients and 20 healthy controls could 
be used for analysis. In patients with PSSP, pain duration was 20 ± 9 (mean ± SD) months 
and pain intensity was 3.7 ± 1.5 during rest and 6.0 ± 1.4 during movement. Notably, 2 PSSP 
patients scored at least 4 on the DN4 and were classified as having neuropathic-like pain 
complaints. A summary of the demographics and medical examinations is presented for 
each group in Table 4.1. The groups were comparable for gender, lesion side, stroke latency 
and severe cognitive deficits. 
 
Table 4.1 Demographics and medical characteristics, mean ± SD or number of patients (%). 
 

  
PSSP 
(n=6) 

PF 
(n=14) 

HC 
(n=20) 

Age 56 ± 9 61 ± 9* 55 ± 7 
Male / Female 4 / 2 8 / 6 8 / 12 
Stroke latency (months) 19 ± 9 24 ± 9  
Right-hemispheric lesion 6 (100%) 9 (64%)  
Lesion confirmed (CT/MRI) 5 (83%) 9 (64%)  
  Small / Moderate / Large / Very large 2 / 0 / 2 / 1 5/ 2 / 2 / 0  
  Cortical / Subcortical / Both 4 / 1 / 0 5 / 2 / 2  
  Insula / ACC / Thalamus 3 / 2 / 0 3 / 3 / 0  
Cognitive deficits (MMSE<24) 0 (0%) 1 (7%) 0 (0%) 
Depression score (20-80) 49 ± 5** 34 ± 6 31 ± 5 
Arm function (0-100) 56 ± 44* 70 ± 43* 100 ± 0 
Glenohumeral subluxation 4 (67%)* 4 (29%)* 0 (0%) 
Analgesics PC (3), NSAID (1)   
Anti-depressants TCA (3), SSRI (1) TCA (1), SSRI (2)  

 
SD: standard deviation; PSSP: stroke patients with post-stroke shoulder pain; PF: pain-free stroke patients; 
HC: healthy controls; CT: computed tomography; MRI: magnetic resonance imaging; PC: paracetamol; 
ACC: anterior cingulate cortex; NSAID: non-steriodal anti-inflammatory drug; TCA: tricyclic antidepressant; 
SSRI: selective serotonin reuptake inhibitor. * significantly different from HC (p < 0.05). ** significantly 
different from both PF and HC (p < 0.05). 
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Although many patients in this study had right-hemispheric lesions, none of them showed 
clinical signs of severe hemi-inattention. In addition, the MMSE intersecting pentagons sub-
task, assessing visuospatial neglect, was performed correctly by the majority of patients 
(only 1 PSSP patient and 3 PF patients failed on this sub-task). Age was significantly higher 
in the PF group. Larger brain lesions were more common in the PSSP group. PSSP was 
associated with significantly higher depression scores. Stroke was associated with reduced 
arm function, glenohumeral subluxation and dystrophic changes regardless of the presence 
of pain. Analgesics (paracetamol and non-steroidal anti-inflammatory drugs) were only 
used in the PSSP group. Several PSSP and PF patients used anti-depressants (either tricyclic 
antidepressants or selective serotonin reuptake inhibitors).  
 
Sensory examination 

The results of sensory examination are presented for each group in Table 4.2.  At the 
affected side, diminished cold sensation and proprioception were more often observed in 
stroke patients (PSSP and PF) as compared to controls.  
 
Table 4.2 Sensory examination, mean ± SD or number of patients (%). 
 

 
  

 
PSSP 
(n=6) 

PF 
(n=14) 

HC 
(n=20) 

CE Touch diminished 2 (33%) 3 (21%) 1 (5%) 
  increased 0 (0%) 2 (14%) 0 (0%) 
 Cold diminished 3 (50%)* 5 (36%)* 0 (0%) 
  increased 1 (17%) 0 (0%) 1 (5%) 
 Proprioception diminished 3 (50%)* 4 (29%)* 0 (0%) 
  increased 0 (0%) 0 (0%) 0 (0%) 
 Sharpness diminished 3 (50%) 4 (29%) 2 (10%) 
  increased 2 (33%) 3 (21%) 3 (14%) 

QST ratio A/UA, ND/D TDT 1.18 ± 0.20** 1.05 ± 0.18 0.97 ± 0.11 
  EST 1.94 ± 1.26 1.02 ± 0.36 1.05 ± 0.39 
  EPT  1.44 ± 0.96 1.45 ± 0.95 1.09 ± 0.40 
  EPTT 1.17 ± 0.42 1.48 ± 0.98 0.92 ± 0.18 
   PPT 1.04 ± 0.24 1.03 ± 0.27 1.03 ± 0.17 
 UA, D TDT (size) 3.47 ± 0.56 3.49 ± 0.50 3.33 ± 0.45 
  EST (mA) 1.18 ± 0.56 1.21 ± 0.55 0.91 ± 0.33 
  EPT (mA) 4.25 ± 2.64 2.87 ± 1.89 3.57 ± 1.83 
  EPTT (mA) 6.72 ± 3.60 5.72 ± 4.42 7.12 ± 2.12 
  PPT (kPa) 363 ± 192 391 ± 137 443 ± 131 

 
SD: standard deviation; CE: clinical examination; QST: quantitative sensory testing; PSSP: stroke patients 
with post-stroke shoulder pain; PF: pain-free stroke patients; HC: healthy controls; QST: quantitative 
sensory testing; A/UA: affected/unaffected (patients); ND/D: non-dominant/dominant (HC); TDT: tactile 
detection threshold; EST: electrical sensation threshold; EPT: electrical pain threshold; EPTT: electrical 
pain tolerance threshold; PPT: pressure pain threshold; UA: unaffected side (patients); D: dominant side 
(HC). * significantly different from HC (p < 0.05). ** significantly different from both PF and HC (p < 0.05). 
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Figure 4.1 Grand average EPs recorded at the somatosensory cortex (C3/4-Fz) (A-C) and vertex (D-F). A&D: 
PSSP (n=6); B&E: PF (n=14); C&F: HC (n=20). A/ND: affected side (patients)/non-dominant side (healthy 
controls); UA/D: unaffected side (patients)/dominant side (healthy controls). 
 
Two PSSP patients reported pain in response to sharpness at the affected side. In addition, 1 
of these patients also reported pain in response to the innocuous cold stimulus at the 
affected side. Tactile detection threshold ratios were significantly higher in patients with 
PSSP as opposed to HC. In addition, the mean electrical sensation threshold ratio was 
higher, however, this difference was not significant. At the unaffected side of PSSP patients, 
the mean electrical pain threshold was higher and the pressure pain threshold was lower, 
however, these differences were also not significant. 
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Evoked potentials 

Stimulation amplitude 

Mean stimulation amplitude (mA) ± standard deviation was 2.32 ± 0.80 (affected hand) and 
1.88 ± 0.51 (unaffected hand) in PSSP patients, 1.91 ± 1.00 (affected hand) and 1.78 ± 0.84 
(unaffected hand) in PF patients and 1.48 ± 0.37 (non-dominant hand) and 1.77 ± 0.59 
(dominant hand) in HC subjects. Repeated measures analysis showed a significant 
interaction effect of ‘Side’ by ‘Group’. Post-hoc testing showed that stimulation amplitude at 
the affected side was significantly higher in PSSP as opposed to HC (p < 0.05). 
 
EP amplitudes 

The grand average EPs calculated for each group are presented in Figure 4.1. Mean 
amplitudes ± standard errors of EP component are presented in Figure 4.2. Repeated 
measures analysis showed statistically significant differences between the groups 
(F(10,148) = 3.34, p = 0.001). Post-hoc testing revealed that the N150 amplitude was 
significantly lower at both sides in stroke patients (both PSSP and PF) compared to controls 
(p < 0.05). Moreover, the P300 amplitude was lower at both sides in patients as compared 
to controls, but this difference was only significant for PF (p < 0.05). 
 
EP latencies 

Mean latencies ± standard errors of the EP components are presented in Figure 4.3.  
Repeated measures analysis showed statistically significant differences between sides 
(F(5,73) = 2.94, p = 0.018) and between groups (F(10,148) = 5.81, p < 0.001) and a 
statistically significant interaction effect of ‘Side’ by ‘Group’ (F(10,148) = 2.68, p = 0.005). 
Post-hoc testing showed that differences between sides were significant for the P300, 
differences between groups for all components and interaction effects for the N90 and the 
P300. One-way analysis of variance for each hand separately (N90 and P300 components) 
and post-hoc multiple comparisons (other components) showed that latencies of the N90, 
N150, P300 components were significantly higher at both sides in all stroke patients (PSSP 
and PF) compared to controls. In addition, only in PSSP patients, the N90 latencies at the 
affected side (p < 0.05), P200 latencies at both sides (p < 0.05) and N150-P200 peak-to-peak 
latencies at both sides (p < 0.05) were significantly higher compared to both PF and HC. 
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Figure 4.2 Mean amplitude (μV) ± standard error of late evoked potential components. Dark grey bars: 
stroke patients with shoulder pain (PSSP, n=6), grey bars: pain-free stroke patients (PF, n=14), white bars: 
healthy controls (HC, n=20). A/ND: affected side (patients)/non-dominant side (healthy controls); UA/D: 
unaffected side (patients)/dominant side (healthy controls). * p < 0.05, ** p < 0.001. 
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Figure 4.3 Mean latency (ms) ± standard error of late evoked potential components. Dark grey bars: 
stroke patients with shoulder pain (PSSP, n=6), grey bars: pain-free stroke patients (PF, n=14), white bars: 
healthy controls (HC, n=20). A/ND: affected side (patients)/non-dominant side (healthy controls); UA/D: 
unaffected side (patients)/dominant side (healthy controls). * p < 0.05, ** p < 0.001. 
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Table 4.3 Sub-analysis: Demographic data and medical characteristics, mean [min-max] or number of 
patients. 
 

  
PSSP 
(n=4) 

PF 
(n=4) 

Age 56 [39-65] 61 [48-69] 
Male / Female 2 / 2 3 / 1 
Stroke latency (months) 17 [6-26] 18 [12-24] 
Right-hemispheric lesion 4 3 
     Small / Large 2 / 2 2 / 2 
     Cortical / Subcortical 3 / 1 3 / 1 
     Insula / ACC 2 / 2 1 / 2 
Cognitive deficits 0 0 
Depression score (20-80) 50 [45-57] 38 [32-46] 
Arm function (0-100) 61[0-91] 70 [14-100] 
Glenohumeral subluxation 2 2 
Trophic changes hand/arm 2 0 
Abnormal sensation (T / C / P / S) 1 / 3 / 2 / 3 2 / 0 / 0 / 1 
Analgesics PC (1), NSAID (1)  
Anti-depressants TCA (2), SSRI (1)  

 
PSSP: stroke patients with post-stroke shoulder pain; PF: pain-free stroke patients; ACC: anterior cingulate 
cortex; T/C/P/S: touch/cold/proprioception/sharpness; PC: paracetamol; NSAID: non-steriodal anti-
inflammatory drug; TCA: tricyclic antidepressant; SSRI: selective serotonin reuptake inhibitor. 

 

Sub-analysis 

Lesion characteristics were not known for all patients in the overall analysis.  
Demographic and medical characteristics of lesion-matched stroke groups (PSSP: n=4, PF: 
n=4) are presented in Table 4.3.  
For evoked potentials, mean stimulation amplitude (mA) [min-max] was 2.05 [1.54-2.97] 
(affected hand) and 2.07 [1.67-2.60] (unaffected hand) in PSSP patients, 1.27 [0.94-1.90] 
(affected hand) and 1.14 [0.95-1.43] (unaffected hand) in PF patients. Sub-analyses for 
amplitude and latency of evoked potential components are presented in Figure 4.4 and 4.5 
respectively.  
For amplitude, group differences were observed for the N150 (p = 0.014) and P300 (p = 
0.037) components. Post-hoc testing revealed that N150 and P300 amplitudes were 
significantly lower at both sides in stroke patients compared to controls, however this was 
only significant for the PF group (p < 0.05).  
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Figure 4.4 Sub-analysis: Mean amplitude (μV) ± standard error of late evoked potential components. Dark 
grey bars: stroke patients with shoulder pain (PSSP, n=4), grey bars: pain-free stroke patients (PF, n=4), 
white bars: healthy controls (HC, n=20). A/ND: affected side (patients)/non-dominant side (healthy 
controls); UA/D: unaffected side (patients)/dominant side (healthy controls). * p < 0.05, ** p < 0.001. 

 
For latency, group differences were observed for all components (p < 0.01). In addition, side 
differences and interaction effects of ‘Side’ by ‘Group’ were observed for the P200 (p < 0.05) 
and P300 (p < 0.05). One-way analysis of variance for each hand separately (P200 and P300 
components) and post-hoc multiple comparisons (other components) showed that latencies 
of the N90, N150 and P300 components were higher at both sides in all stroke patients 
(PSSP and PF). 
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For the N90 this was significant for both groups (PSSP, p < 0.01; PF, p < 0.05), for the N150 
this was significant for the PSSP group only (p < 0.05) and for the P300 this was significant 
for both the PSSP (p < 0.01) as well as the PF group (affected side, p < 0.01).  
No significant difference was observed between the PSSP and PF group for the N90 latency. 
However, in PSSP patients, the P200 latency and N150-P200 peak-to-peak latency was 
significantly higher compared to both PF (P200, p < 0.05) and HC groups (P200, p < 0.01; 
N150-P200, p < 0.01). 

Figure 4.5 Sub-analysis: Mean latency (ms) ± standard error of late evoked potential components. Dark 
grey bars: stroke patients with shoulder pain (PSSP, n=4), grey bars: pain-free stroke patients (PF, n=4), 
white bars: healthy controls (HC, n=20). A/ND: affected side (patients)/non-dominant side (healthy 
controls); UA/D: unaffected side (patients)/dominant side (healthy controls). * p < 0.05, ** p < 0.001. 
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Discussion 

This explorative study evaluated alterations in the cortical processing of somatosensory 
stimuli in stroke patients with unilateral brain lesions and chronic PSSP using 
electrocutaneous stimulation and EEG. Patients with PSSP were compared to both pain-free 
stroke patients and to healthy controls. In all stroke patients reduced EP amplitudes (N150, 
P300) and increased EP latencies (N90, N150, P300) were found in response to stimulation 
at both the affected and unaffected side. In addition, PSSP was associated with increased 
P200 and N150-P200 peak-to-peak latencies after stimulation at both sides.  
 
Intracutaneous electostimulation and EPs 

The method of intracutaneous electrostimulation used in this experiment activates both Aβ 
and Aδ primary afferents.8 Stimulation was, thus, never nociceptive-specific, although 
subjects were stimulated with a low intensity (clear non-painful pricking sensation) and a 
high intensity (clear painful pricking sensation) stimulus. All EP components that were 
studied in this experiment were observed after stimulation with either the low or high 
intensity stimulus, with similar effects, so that data could be pooled. After a non-specific 
stimulus, based on the ‘first come, first served’ principle23, the EP is thought to reflect the 
processing of the activity from the fastest conducting fibers only, in this case Aβ fibers. On 
the other hand, even when the stimulus is entirely noxious, the EP may not be nociceptive-
specific.44 
 

N90 

The N90, 1 of the first components to be observed in the EP after intracutaneous electrical 
stimulation, originates from the somatosensory cortex and reflects sensory-discriminative 
processes involved in stimulus perception.9,30 
This study showed increased N90 latencies in stroke patients (PSSP and PF) as opposed to 
healthy controls. In pain-free patients, similar increases in latency (7-8 ms delays) have 
been observed for early EP components, reflecting impaired processing of input from the 
dorsomedial lemniscal pathway.33 Remarkably, the N90 latency was increased after 
stimulation at both the affected and unaffected side, which may result from changes in 
sensory-discriminative processing at both the ipsilesional as well as contralesional 
hemisphere17 and/or from a reduction in attentional arousal24. In patients with PSSP, a 
further increase in the N90 latency was observed after stimulation at the affected side as 
compared to the PF group, corresponding to increased tactile detection thresholds, 
quantitative electrical sensation thresholds (EST) and stimulation amplitudes (Ie) at the 
affected side of patients with PSSP. Since the electrical stimulation to evoke EPs in this study 
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activated both Aβ and Aδ fibers, the increase in N90 latency reflects a loss of both 
dorsomedial-lemnisco-cortical as well as spino-thalamo-cortical integrity, and objectively 
confirms the clinical findings. Since the difference in N90 latency between PSSP and PF 
patients was not observed after matching for lesion size and location, the presence of PSSP 
appears to be independent of the (functional) loss of brain structures that are responsible 
for the generation of the N90 peak.  
Several studies of central neuropathic (post-stroke) pain reporting on median and tibial 
electrical EPs29,42 or laser evoked potentials10,25 reported reduced EP amplitudes and/or 
longer latencies in these patients. However, in these studies, patients with pain were only 
compared to healthy controls, so it cannot be concluded that the reported differences were 
specific for pain.  
In contrast to Parkinson patients with central pain53 and fibromyalgia patients26, no signs of 
central hyperexcitability were observed for any of the EP components after stroke. 
However, in the patients with PSSP that could be included in this study, the incidence of 
clinical signs of central hyperexcitability (allodynia, generalized hyperalgesia) was generally 
low. In addition, ongoing central hyperexcitability after stroke may be masked by loss of 
somatosensory function and/or loss of attentional capabilities.60 
 
N150, P200, N150-P200 

The N150-P200 complex originates from the insula, secondary somatosensory and cingulate 
cortices7,31,32 and its peak-to-peak amplitude has been related to subjective ratings of 
stimulus intensity and pain9,11. Both the N150 and the P200 are, therefore, thought to reflect 
cognitive-evaluative processes involved in stimulus perception. In the present study, only 
the N150 but not the P200 or the N150-P200 peak-to-peak amplitude was significantly 
reduced in stroke patients. To our knowledge, selective attenuation of the N150 amplitude 
has not been reported before. Attenuation of the N150 peak may be related to lesions of the 
insula and anterior cingulated cortices. In addition, in previous studies, attenuation of the 
N150-P200 complex has been related to distraction and decreased states of arousal.5,66 The 
reduction in N150, therefore, might be explained by a (functional) loss of brain structures 
responsible for its generation and/or by reduced cognitive (attentional) capacities resulting 
directly from the brain lesion.46  
Latency shifts of the N150 and P200 have been reported before but not in relation to stroke 
or pain. Moreover, latency shifts have been reported inconsistently. In the current study, 
increased N150 and P200 latencies were observed in all stroke patients as opposed to 
healthy controls. In addition, the P200 and the N150-P200 peak-to-peak latencies were 
significantly more increased in patients with PSSP. Since calculation or memorization tasks 
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have not been shown to affect the latency of N150 or P200 components66, loss of attentional 
capabilities cannot account for the observed differences between groups. However, the 
selective increase in P200 latencies in patients with PSSP may be explained by a disturbance 
in the perception of stimulus intensity, since the perception of stimulus intensity has 
previously been negatively correlated with the P200 latency.54,56 Since the difference in 
P200 latency was also observed in the sub-analysis in which PSSP and PF patients were 
matched for lesion size and location, it is likely that the abnormality in the P200 latency is 
related to the presence of PSSP. 
 
P300 

The P300 has been implicated in various cognitive processes, such as attention and 
distraction and target/non-target responses.7 Its latency provides an indirect indication of 
the duration of the processes involved in stimulus discrimination.28 Moreover, the P300 
latency has been shown to be increased in patients with chronic pain, indicating that 
chronic pain may interfere with cognitive processes.57 The P300 amplitude has been related 
to stimulation intensity and subjective ratings of stimulus intensity at both painful and non-
painful stimulation levels.18,62 In response to painful electrical stimulation, the P300 may 
reflect an attention component, a pain component and a stimulus intensity component.4 In 
the current study, reduced P300 amplitudes and increased P300 latencies were observed in 
all stroke patients. Therefore, the changes in P300 likely represent a cognitive deficit in the 
discrimination of stimuli associated with the brain lesion but with no direct relation to 
PSSP.  
 
Limitations 

This study was the first to assess the cortical processing of somatosensory stimuli in 
patients with PSSP, and the results should therefore be interpreted with caution. Since this 
was a cross-sectional study, no conclusions can be drawn on any causal relation between 
the reported differences in somatosensory processing and the presence of pain. 
One of the limitations of this study is the small sample size, which was predominantly due to 
the demands on cognitive and somatosensory functions necessary for the experimental set-
up. As a result, several factors, such as age, gender and depression, which have previously 
been related to EP amplitude or latency, were slightly different between groups. However, 
based on additional regression and correlation tests using the HC data, age and gender were 
not considered to form a relevant source of confounding for the current results. In addition, 
although the incidence of depressive symptoms in patients with PSSP was higher than in the 
PF patients, depressive symptoms were not severe69 and no group differences were 
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observed for EP components previously related to major depression36. The influence of 
analgesic medication2,3,43,55 and antidepressants16,45,63 was not considered to form a relevant 
source of confounding either, although confounding could not entirely be ruled out as a 
result of the sample size. 
Another limitation is the fact that lesion characteristics could not be determined in several 
patients due to the unavailability of a CT or MRI brain scan. Moreover, high resolution scans 
were not available for any patient, so that lesion characteristics could only roughly be 
determined and diffuse white matter lesions might have remained undetected. To at least 
grossly evaluate the level of confounding introduced by lesion characteristics, a sub-analysis 
was performed in which PSSP (n=4) and PF (n=4) patients were matched for lesion size and 
location. Although no difference was observed for the N90 latency comparing the PSSP and 
PF groups, in this sub-analysis, PSSP was still related to increased P200 and N150-P200 
latencies. Despite the small number of subjects in the sub-analysis, these results at least 
suggest that lesion characteristics alone cannot explain the observed differences between 
PSSP and PF groups, and that the observed abnormalities in evoked potential characteristics 
in PSSP patients may be related to the central effects of persistent nociceptive pain. 
 
Conclusion 

The present study showed that the cortical processing of somatosensory stimuli was 
generally reduced in patients with stroke, which may be related to attentional deficits and 
to deficits in the discrimination of stimuli as a result of the brain lesion. These deficits may 
put stroke patients at risk of developing any type of pain after stroke, since patients may not 
be able to adequately react to potentially harmful stimuli. In addition, in patients with PSSP, 
loss of somatosensory function was more severe and the cognitive processing of 
somatosensory stimuli was affected. This seemed to occur independently of lesion size and 
location and may, therefore, be related to the central effects of chronic pain. However, since 
this was an explorative study in a small number of patients, our findings should be 
confirmed in a larger study. 
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Abstract 

The etiology of post-stroke shoulder pain (PSSP) is largely unclear and may involve both 
nociceptive and neuropathic mechanisms. No gold standard is present for PSSP diagnosis. 
The neuropathic pain diagnostic questionnaire (DN4), was originally developed to identify 
neuropathic pain in the clinical context. In this study we used the DN4 to categorize PSSP 
patients and compared symptoms and signs suggestive of either nociceptive or neuropathic 
pain. Pain complaints and sensory functions were compared between patients with chronic 
PSSP scoring at least 4 (DN4+, n = 9) or less than 4 (DN4-, n = 10) on the DN4. Pain was 
assessed using a numeric rating scale and the McGill pain questionnaire. Sensory functions 
were assessed using clinical examination and quantitative sensory testing combined with a 
cold pressor test. Patients classified as DN4+ reported constant pain, a higher pain intensity, 
a higher impact of pain on daily living, more frequent loss of cold sensation, reduced QST 
thresholds at the unaffected side and increased QST thresholds at the affected side. Notably, 
several symptoms and signs suggestive of either neuropathic or nociceptive pain 
corresponded to the subgroups DN4+ and DN4- respectively. However, since the 
pathophysiological mechanisms remain unclear and none of the sensory signs could be 
exclusively related to either DN4+ or DN4-, PSSP prognosis and treatment should not be 
solely based on the DN4. Nonetheless, a thorough assessment of neuropathic and 
nociceptive pain complaints and somatosensory functions should be included in the 
diagnostic work-up of PSSP. 
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Introduction 

Shoulder pain is a common complication after stroke of which the etiology is largely 
unclear.7,10  Traditionally, post-stroke shoulder pain (PSSP) is considered as a nociceptive 
pain.1,18 In addition, PSSP has been related to central post-stroke pain, complex regional 
pain syndrome type 1, depression and sensory abnormalities and may be caused and 
maintained by various pain mechanisms.8,10,11,14  
Although the prognosis and treatment of PSSP is largely dependent on suspected 
involvement of nociceptive and/or neuropathic pain mechanisms, there is no gold standard 
or consensus regarding the diagnostic tools to differentiate PSSP of predominantly 
neuropathic from that of predominantly nociceptive origin. The use of grading systems for 
neuropathic pain16 or central post-stroke pain9 is problematic in PSSP. Based on the grading 
system for neuropathic pain, even patients with pure nociceptive PSSP might be classified 
as having neuropathic pain, simply because they have a relevant lesion affecting the central 
somatosensory system and the pain has a distinct neuroanatomically plausible distribution. 
On the other hand, to be classified as central post-stroke pain, all other causes of pain must 
have been ruled out, which can be difficult in PSSP.13 
Several neuropathic pain scales have been developed for defining neuropathic pain in 
clinical practice. One of these is the neuropathic pain diagnostic questionnaire (DN4) 
comprising pain descriptors and a sensory examination.4 Its scale ranges from 0 to 10 and a 
score of at least 4 has been suggested to correlate with pain of predominantly neuropathic 
origin. However, neither the DN4 nor any other neuropathic pain scale has been validated 
for post-stroke pain. 
This pilot study was performed to explore whether the DN4 might be useful for the 
classification of PSSP subtypes. Therefore, different pain complaints and somatosensory 
functions as related to either nociceptive or neuropathic pain were compared between 
subgroups of PSSP as classified with the DN4. In brief, movement related pain, pain related 
to arm function and/or biomechanical changes around the shoulder joint were expected to 
be associated with nociceptive pain 8. Neuropathic pain after stroke has previously been 
associated with spontaneous or constant pain, touch and cold allodynia9 and impaired 
spino-thalamo-cortical tract function3,22 and is possibly associated with disturbed diffuse 
noxious inhibitory controls (DNIC)19. Although none of these symptoms and signs has been 
exclusively related to neuropathic pain, the incidence of these symptoms and signs was 
expected to be higher in the group of patients classified as neuropathic pain. 
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Methods 

Subjects 

Patients (n = 19) were recruited in 2 regional rehabilitation centers in the Netherlands 
(Roessingh Rehabilitation Center in Enschede and Sint Maartenskliniek in Nijmegen). All 
patients (age > 18 years) sustained a unilateral brain infarction with an onset at least 6 
months prior to participation and had daily shoulder pain at the affected side for more than 
3 subsequent months with an onset post-stroke. None fulfilled the diagnostic criteria for 
central post-stroke pain.9 In addition, none of the patients had other concomitant chronic 
pain complaints, either stroke or non-stroke related. Exclusion criteria were: pregnancy, 
trauma, infection, signs of any possible concomitant neurological condition. The study was 
approved by the human ethics committee and all participants gave written informed 
consent prior to their participation. 
 
Demographic and medical assessment 

Demographics and medication use were registered. Depressive symptoms were assessed 
using the ZUNG self-rating depression scale.17 Cognitive impairment was defined using the 
Mini Mental State Exam (score < 24).15 Physical examination of the upper extremity 
included assessment of trophic changes (visual inspection), glenohumeral subluxation 
(palpation), pain-free range of motion for passive shoulder elevation and external rotation 
(ratio between sides, affected/unaffected), motor function (Motricity Index, score 0 = no 
function, score 100 = normal function)5 and spasticity of elbow flexors and shoulder 
internal rotators (Modified Ashworth Scale, score ≥ 1)2. 
 
Subjective pain evaluation 

Shoulder pain was evaluated at rest and during movement using a numeric rating scale (0 = 
no pain, 10 = maximum conceivable pain), the McGill Pain Questionnaire20 and the 
neuropathic pain diagnostic questionnaire (DN4)4,21. 
 
Somatosensory assessment 

Modality specific somatosensory assessment is important for the diagnosis of neuropathic 
pain.6  A clinical examination and quantitative sensory testing (QST) were performed at 
both the affected and unaffected side at upper and lower part of the middle deltoid (C5 
dermatome). Differences between sides (sensation) and evoked pain (allodynia) were 
recorded in response to the application of a cotton wool stick (light touch), a cold metal 
object (cold sensation) and a Semmes Weinstein filament size 6.65 (sharpness). 
Proprioception was tested at the thumbs. The tactile detection threshold was determined 
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using Semmes Weinstein filaments (Touch-Test Hand Kit, North Coast Medical, Inc, UK). The 
pressure pain threshold was determined using a Somedic pressure algometer (1cm2, 
50kPa/s). In addition, patients were trained to determine electrical sensation, pain and pain 
tolerance thresholds using an ambulant stimulator (settings: 0.2 ms, 100 Hz, 0.4 mA/s). For 
QST, the method of limits was used and the start-side of stimulation was randomized. For 
analysis, absolute thresholds (average of 3 recordings) were used for the unaffected side 
and relative thresholds (affected/unaffected) for the affected side. 
 
DNIC function 

Following QST, patients immersed their unaffected hand in a polystyrene box filled with ice-
water (0-0.5 ºC). Subjects were instructed to keep their hand in the water as long as 
possible (maximum 3 minutes). Immersion time was recorded using a digital stopwatch. 
After removing their hand from the water, patients rated the cold pressor induced pain 
using a numeric rating scale (0 = no pain, 10 = maximum conceivable pain), immediately 
followed by another determination of the electrical pain threshold and pressure pain 
threshold at the affected upper arm. A ratio (post/pre) was calculated for the pain 
thresholds determined before and after cold pressor testing. 
 

Data analysis 

Subgroups were formed based on the DN4 score: ≥ 4 (DN4+) or < 4 (DN4-). All ratios were 
log-transformed prior to statistical analysis. Due to the small sample sizes, only the 
differences in abnormal sensation (chi-square tests), QST thresholds (independent t-tests) 
and cold pressor parameters were statistically tested. Statistical significance was assigned 
at the p < 0.05 level. 
 

Results 

Demographics and medical examinations 

All demographic and medical data are presented in Table 5.1. 
 
Subjective pain evaluation 

Pain characteristics are presented in Table 5.2. Pain intensity was somewhat higher in 
DN4+ patients. Moreover, only DN4+ patients reported constant pain, whereas only DN4- 
patients reported pain attacks. In all patients with pain attacks, pain was primarily related 
to movement. However, of the patients with intermittent pain, all but 1 (DN4 score: 0) also 
reported an increase in pain intensity (range: 1 - 5) during movement. In patients with 
constant pain, pain was only minimally exacerbated upon movement. 
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Table 5.1 Demographics and medical characteristics, mean ± SD or number of subjects (%). 
 

  
DN4+ 
(n=9) 

DN4- 
(n=10) 

Age (years) 58 ± 10 57 ± 5 
Gender (male) 3 (33%) 7 (70%) 
Right-hemispheric lesion 7 (78%) 9 (90%) 
Stroke latency (months) 24 ± 10 19 ± 17 
Depression score (20-80) 47.7 ± 5.8 43.3 ± 5.6 
Cognitive impairments (MMSE < 24) 1 (11%) 1 (10%) 
Trophic changes 2 (22%) 6 (60%) 
Glenohumeral subluxation 3 (33%) 7 (70%) 
Motor function (0-100) 57.8 ± 34.4 34.5 ± 38.5 
ROM shoulder abduction (A/UA) 0.39 ± 0.18 0.43 ± 0.21 
ROM shoulder external rotation (A/UA) 0.41 ± 0.35 0.42 ± 0.35 
Spasticity elbow flexion (MAS ≥ 1) 8 (89%) 7 (70%) 
Spasticity shoulder external rotation(MAS ≥ 1) 6 (67%) 7 (70%) 
Analgesics 2 (22%) 5 (50%) 
Antidepressants 3 (33%) 6 (60%) 
Anticonvulsants 3 (33%) 0 (0%) 
Oral anti-diabetics 2 (22%) 2 (20%) 

 
A/UA: affected/unaffected side; DN4+: patients with DN4 score ≥ 4; DN4-: patients with DN4 score < 4; 
MAS: Modified Ashworth Score; n: number of patients; ROM: pain-free passive range of motion; SD: 
standard deviation. 

 
 
Table 5.2 Pain characteristics, median [range], mean ± SD or number of subjects (%). 
 

    
DN4+ 
(n=9) 

DN4- 
(n=10) 

DN4 score  5 [4 - 6] 2 [0 - 3] 
Pain onset (months post stroke)  5 ± 8 2 ± 3 
Pain duration (months)  20 ± 9 18 ± 17 
Pain intensity (0-10) Rest 4.7 ± 2.9 2.5 ± 2.4 
 Movement 7.3 ± 1.8 4.4 ± 3.2 
Pain distribution Localized 8 (90%) 10 (100%) 
 Radiating 5 (56%) 2 (20%) 
 Shooting 1 (11%) 0 (0%) 
Pain incidence Attacks 0 (0%) 5 (50%) 
 Intermittent 5 (56%) 5 (50%) 
 Constant 4 (44%) 0 (0%) 
Impact on daily life (0-27)   5.9 ± 4.8 2.0 ± 2.6 

 
DN4+: patients with DN4 score ≥ 4; DN4-: patients with DN4 score < 4; n: number of patients; SD: 
standard deviation. 
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Somatosensory assessment 

Results are presented in Table 5.3 and Figure 5.1. Diminished cold sensation was 
significantly more frequently observed in DN4+.  With respect to QST, no significant 
differences were found comparing DN4+ and DN4-. However, in patients classified as DN4+ 
there was a trend towards lower pain thresholds at the unaffected side, and a trend towards 
higher sensation and pain thresholds (all thresholds) at the affected side. 
 
Table 5.3 Abnormal sensation and allodynia at the affected upper arm. 
 

    
DN4+ 
(n=9) 

DN4- 
(n=10) 

Touch diminished 7 (78%) 6 (60%) 
 increased 0 (0%) 0 (0%) 
 allodynia 1 (11%) 0 (0%) 
Cold diminished 7 (78%)* 2 (20%) 
 increased 1 (11%) 5 (50%) 
 allodynia 1 (11%) 2 (20%) 
Proprioception diminished 6 (67%) 7 (70%) 
 increased 0 (0%) 0 (0%) 
 allodynia 0 (0%) 0 (0%) 
Sharpness diminished 5 (56%) 5 (50%) 
 increased 1 (11%) 3 (30%) 
  allodynia 2 (22%) 3 (30%) 

 
DN4+: patients with DN4 score ≥ 4; DN4-: patients with DN4 score < 4; n: number of patients. * p < 005. 
 
 

Figure 5.1 Thresholds at the unaffected arm (A) and threshold ratios (affected/unaffected) (B) for each 
patient group (mean ± standard error). TDT: tactile detection threshold; EST: electrical sensation 
threshold; EPT: electrical pain threshold; EPTT: electrical pain tolerance threshold; PPT: pressure pain 
threshold. 
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DNIC function 

No significant differences were found for the duration of hand immersion (71 ± 55 vs. 80 ± 
70 seconds), cold pressor pain intensity (5.7 ± 1.7 vs. 7.2 ± 1.5) or QST threshold ratios 
(post/pre, EPT: 1.71 ± 0.63 vs. 1.36 ± 0.43, PPT: 1.20 ± 0.19 vs. 1.13 ± 0.23) comparing 
DN4+ to DN4-. 
 

Discussion and conclusions  

The aim of this pilot study was to explore whether the DN4 can be used to define subgroups 
of PSSP, differentiating between PSSP of predominantly neuropathic or nociceptive origin. 
Since no gold standard is available for the diagnosis of post-stroke pain, patients with PSSP 
were classified using the DN4 and subgroups were compared regarding well known 
symptoms and signs suggestive of either nociceptive or neuropathic pain. 
Several symptoms and signs suggestive of neuropathic pain were observed in DN4+, such as 
the higher incidence of abnormal cold sensation suggesting impaired spino-thalamo-cortical 
tract function3,22, spontaneous (constant) pain9 and a higher degree of sensory loss at the 
affected side22. In addition, patients classified as DN4+ showed a trend towards reduced 
thresholds for pain at the unaffected side, suggestive of central sensitization. The primary 
sign suggestive of nociceptive pain in DN4- was that half of the patients reported pain 
attacks primarily related to movement.8 In addition, the incidence of subluxation was 
somewhat higher and arm function somewhat lower in these patients, which is in line with 
the traditional biomechanical view of PSSP.14 On the other hand, touch or cold allodynia at 
the affected side, regarded as supportive criteria for the diagnosis of central post-stroke 
pain9, were not clearly associated with either DN4+ or DN4-. DNIC function appears to be 
normal in patients with PSSP.  
Unfortunately, the actual pathophysiological mechanisms leading to these pain complaints 
and sensory abnormalities in PSSP remain unclear. In chronic PSSP, symptoms and signs of 
central sensitization may be induced by both neuropathic as well as (ongoing) nociceptive 
pain mechanisms which may coexist in individual patients. Indeed, a large group of patients 
presented with mixed pain complaints (e.g. spontaneous and movement related pain). In 
addition, similar to previous findings, none of the sensory abnormalities could be 
exclusively related to either DN4+ or DN4-.12 The majority of PSSP patients may therefore 
not be classifiable as having either neuropathic or nociceptive pain. 
Although the interpretation of this study is limited by the relatively low number of subjects 
in each subgroup, this study showed that the DN4 can be used to classify PSSP subgroups 
that differ with respect to pain complaints and sensory abnormalities. Notably, several 
symptoms and signs indicative of either neuropathic or nociceptive pain corresponded to 
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the DN4 classification, suggesting that the DN4 may indeed be helpful in classifying PSSP. 
However, since the pathophysiological mechanisms remain unclear and none of the sensory 
signs could be exclusively related to either DN4+ or DN4-, classification using the DN4 
should not be the sole basis for PSSP prognosis and treatment. Nonetheless, by showing that 
neuropathic pain complaints are common in PSSP this study provides a firm rationale to 
abandon the traditional view of PSSP as being a purely nociceptive, biomechanical pain 
problem. The diagnostic work-up of PSSP should involve a thorough assessment of both 
nociceptive and neuropathic pain complaints and somatosensory functions, similar as 
described for central post-stroke pain.9 This may help to further identify markers of 
nociceptive and neuropathic pain mechanisms in PSSP which, in the future, could lead to the 
development a (set of) tool(s) that specifically deal(s) with classifying and treating pain in 
the post-stroke pain population. 
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Defining post-stroke pain: diagnostic challenges 

Recently, a new grading system for central post-stroke pain (CPSP) was proposed, which 
might be used to distinguish patients with stroke who have central neuropathic pain from 
patients who have peripheral pain.1 Accordingly, for a CPSP diagnosis, all other causes of 
pain have to be excluded. Although this criterion has its purpose for defining CPSP as a 
separate entity, a too rigorous distinction between central and peripheral post-stroke pain 
might have drawbacks as well. Most importantly, by strictly following the proposed grading 
system, central pain mechanisms could be missed or even disputed in patients with other 
types of post-stroke pain. This possibility is particularly relevant as “mixed” pain and pre-
existing pain are common after stroke.1 For this reason, we would like to emphasize that 
peripheral nociceptive pain after stroke might coincide with symptoms characteristic of 
CPSP. To lend support to our concern, we present recent data on post-stroke shoulder pain 
(PSSP).  

PSSP is commonly localized to the affected upper extremity and regarded as peripheral 
nociceptive pain. However, unsatisfactory treatment and the frequent occurrence of 
persistent pain2 suggest a role for other mechanisms. To try to understand the possible 
central mechanisms that underlie PSSP, we used some parts of the diagnostic assessment 
for neuropathic pain in 19 patients with chronic PSSP, none of whom could be classified as 
having CPSP.3 Several sensory abnormalities overlapped with those observed in CPSP. Of 
particular interest was the high prevalence of abnormal spinothalamocortical tract function 
in patients with PSSP (15 of 19) compared with pain-free stroke patients (13 of 29), as 
abnormal function of this tract has been implicated in CPSP. Moreover, supportive criteria 
for a CPSP diagnosis, such as touch or cold allodynia (4 of 19) and the absence of a primary 
relation with movement (7 of 19), were common in patients with PSSP, and PSSP was 
associated with abnormal sensory function in the unaffected side.  

Our data strongly suggest that central pain mechanisms have an essential role in post-
stroke pain, even in patients who cannot be classified as having CPSP. Therefore, central 
pain mechanisms should be assessed in all patients with post-stroke pain and treatments 
used for patients with CPSP might also be appropriate for patients with other forms of post-
stroke pain. We hope that the CPSP grading system1 will not prevent clinicians and 
researchers in the fields of neurology, rehabilitation, and pain medicine from regarding and 
treating central pain mechanisms in patients with post-stroke pain who do not fulfill the 
criteria for CPSP.  
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Author’s reply  

Klit H, Finnerup NB, Jensen TS 

Danish Pain Research Center (HK, NBF, TSJ) and Department of Neurology (TSJ) 

Aarhus University Hospital, Aarhus, Denmark 

 
In their thoughtful letter, Roosink and colleagues raise the point that central pain 
mechanisms might be overlooked in patients with stroke who have pain if our proposed 
definition for central post-stroke pain (CPSP) is used. The essential point here is how we 
define central pain mechanisms. It is important to distinguish between central neuropathic 
pain and central mechanisms. When the nociceptive system is activated, physiologically 
short-lasting neuroplastic changes occur in the CNS. In persistent pain disorders, the 
molecular and cellular changes are more profound and sometimes irreversible, whether due 
to inflammation or a lesion of the nervous system. In neuropathic pain, there is damage to 
the somatosensory systems, causing peripheral and central neuroplastic changes that can 
sometimes be permanent. In inflammatory or simple nociceptive pain disorders, the 
somatosensory system is essentially intact, but it is in a state of heightened excitability that 
gradually returns to normal when the inflammation subsides. Specific sensory testing could 
be used to clarify whether there is a loss of sensory input to the nervous system, but such 
testing can be misleading. The abnormalities mentioned by Roosink and colleagues in 
assumed spinothalamic functions, such as temperature and pinprick response, are not 
necessarily an indication of central neuropathic pain. Central neuropathic pain requires a 
loss of function in a body part corresponding to the affected brain territory, whereas 
abnormal positive or negative spinothalamic sensory functions might be seen in both 
inflammatory and neuropathic disorders. In our experience, many patients with CPSP have 
a combination of both inflammatory and neuropathic pain elements. When located in the 
same area, it can be difficult to distinguish between them. In certain cases of post-stroke 
shoulder pain (PSSP), the pain is clearly nociceptive but in other cases the pain mimics that 
seen when CNS structures are damaged. Is it important to differentiate between 
neuropathic and nociceptive pain? We think so. Admittedly, available treatments for central 
neuropathic pain are only partially effective and have dose-limiting side-effects, but new 
compounds that target specific sites implicated in neuropathic sensitization events are 
emerging. Does our grading system exclude a central pain diagnosis in some cases of PSSP? 
In our opinion, patients with PSSP who have sensory abnormalities in the shoulder area 
corresponding to the lesion fulfill our proposed criteria for CPSP if there is no other obvious 
pathological abnormality in the shoulder that can fully explain the pain.  
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In conclusion, we believe the diagnosis of CPSP depends on a combination of history and 
clinical findings, in particular the sensory examination. Neuropathic PSSP is not excluded by 
the proposed definition. 
Reprinted with permission 
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Abstract 

The objective of this prospective inception cohort study was to identify factors associated 
with persistent post-stroke shoulder pain (pPSSP) in the first 6 months after stroke. 
The data of 31 patients with a clinical diagnosis of stroke from the stroke units of 2 teaching 
hospitals in the Netherlands were analyzed. Main outcome measure was the development of 
pPSSP within the first 6 months after stroke. Clinical assessment included motor, 
somatosensory, cognitive, emotional and autonomic functions, and was undertaken within 2 
weeks (t0), at 3 months (t1) and at 6 months (t2) after stroke. Patients with pPSSP (n = 9) 
were compared with patients without pPSSP (n = 22). Bivariate logistic regression analyses 
showed that pPSSP was significantly associated with impaired voluntary motor control (t0, 
t1, t2), diminished proprioception (t0, t1), tactile extinction (t1), abnormal sensation (t1, 
t2), spasticity of the elbow flexor muscles (t1, t2), restricted range of motion (ROM) for both 
shoulder abduction (t2) and shoulder external rotation (t1, t2), trophic changes (t1) and 
non-insulin-dependent diabetes mellitus (t0).These findings suggest a multi-factorial 
etiology of pPSSP. The association of pPSSP with restricted passive pain-free ROM and signs 
indicative of somatosensory sensitization may implicate a vicious cycle of repetitive (micro) 
trauma which can establish itself rapidly after stroke. Intervention should, therefore, be 
focused on maintaining and restoring joint ROM as well as preventing injury and 
somatosensory sensitization. In this perspective, strategies that aim to intervene 
simultaneously at various levels of function can be expected to be more effective than 
treatment directed at merely one level. 
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Introduction 

Pain is a common complication after stroke.18,21,23 Post-stroke shoulder pain (PSSP) is 
reported in 5 to 84% of the patients, is located at the affected upper extremity and has a 
typical onset of 2 to 3 months after stroke.3,34,38 The clinical presentations of PSSP, central 
post-stroke pain (CPSP) and shoulder-hand syndrome (SHS),15 a form of post-stroke 
complex regional pain syndrome (CRPS),8,24 may overlap considerably, complicating 
diagnosis and treatment.19,29 
Traditionally, the initiation of PSSP has been associated with loss of neuromuscular control 
related to paresis and spasticity.1,4,12,26 In addition, PSSP has been associated with 
glenohumeral subluxation, impingement of the supraspinatus tendon, adhesive capsulitis 
and restricted humeral external rotation.38 Moreover, somatosensory loss, cognitive deficits 
and depression may contribute to PSSP development.13,14,16,20,27 Although the general 
prognosis for PSSP in the first 6 months after stroke has been reported to be good,14 a 
substantial number of patients develop persistent PSSP.20,27,43 Interestingly, persistent PSSP 
in the chronic phase after stroke was no longer associated with impaired motor function, 
glenohumeral subluxation or spasticity, but rather with hypersensitivity and depressive 
symptoms, suggesting that the initiation and perpetuation of PSSP may involve different 
mechanisms.7,30 This is further supported by the fact that the management of PSSP, which is 
mostly focused at a normalization of muscle tone, reduction of glenohumeral subluxation 
and/or treatment of the presumed inflammation of the shoulder capsule and/or 
surrounding tissues, is generally unsatisfactory.32,34,42 
Although previous prospective studies of PSSP identified several risk factors for its 
development, these studies were mostly analyzed using cross-sectional correlations without 
reference to the onset of pain post-stroke nor to the duration of the pain episode (i.e. 
recovered or persistent pain).13,14,16,20,27 Moreover, several studies did not include1 or did 
not report16,20,33 on follow-up measurements. Due to these short-comings, the causal 
relation between the reported clinical determinants and PSSP remains largely unclear. 
The present study addressed these shortcomings by specifically focusing on the 
identification of factors associated with persistent PSSP in the first 6 months after stroke. 
Clinical assessment took place within 2 weeks (t0), at 3 months (t1) and at 6 months (t2) 
after stroke and included motor, somatosensory, cognitive, emotional and autonomic 
functions.  
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Figure 6.1 Flowchart of patient inclusion. PSSP: post-stroke shoulder pain. Definitions: pPSSP: pain at both 
t1 and t2; NoPSSP: pain neither at t1 nor at t2. 

 

Methods 

Subjects 

All consecutive patients (≥ 18 years old) admitted to the stroke units of 2 teaching hospitals 
in the Netherlands (Ziekenhuisgroep Twente and Medisch Spectrum Twente) with a clinical 

357 stroke patients 
screened 

76 patients 

Exclusion criteria (n=281) 

37 informed consent 

Refused (n = 24) 
Severe cognitive dysfunction (n = 3) 
Discharged (n = 3) 
Too ill (n = 2) 
Shoulder trauma (n=1) 
Shoulder surgery (n=1) 
Polyneuropathy (n=1) 
Brain stem infarction (n=1) 
Chronic pain (n=1) 
Other (n = 2) 

t0: 0–2 wks 
N = 37 

t1: 3 months  
N = 34 

t2: 6 months 
N = 34 

Lost to follow-up: 
Too ill (n=2) 
Refused (n=1) 

NoPSSP 
n = 22 

pPSSP 
n = 9 

Excluded from analysis: 
PSSP recovery after t1 (n=2) 
Pure CPSP (n=1) 

8 PSSP 
(22%) 

11 PSSP 
(32%) 

9 PSSP 
(26%) 
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diagnosis of stroke were screened for participation between May and December 2009. All 
stroke patients who had sustained a first-ever cortical or subcortical unilateral stroke 
(infarction or hemorrhage) resulting in somatosensory and/or motor symptoms or signs 
were deemed eligible. Based on the screening of medical records (357), a total of 281 
patients were excluded from participation (see Appendix 6.1). Thus, 76 patients were 
approached for participation (see Figure 6.1). The study was approved by the local medical 
ethical committee (Medisch Spectrum Twente). Patients received oral and written 
information about the study protocol and signed informed consent prior to participation. 
 
Pain classification 

PSSP was defined as shoulder pain confined to the shoulder and/or C5 dermatome of the 
contralesional side with an onset after stroke and present during rest or during active or 
passive motion. Persistent PSSP (pPSSP) was defined as non-remitting PSSP present at both 
3 and 6 months post-stroke. Patients who did not develop pain during the study period or 
who had PSSP only at baseline and not at 3 and 6 months after stroke were included in the 
control group (NoPSSP). CPSP was diagnosed according to the grading system recently 
proposed by Klit et al.19 SHS was diagnosed according to the grading system proposed by 
Tepperman et al.35 
 
Study protocol 

Patients were interviewed and examined within 2 weeks (t0), at 3 months (t1) and at 6 
months (t2) after stroke. Assessment at t0 was performed during hospital stay, whereas 
assessments at t1 and t2 were performed at a regional rehabilitation clinic or, if the patient 
had no transportation, at the patient’s residence. All data were collected by the same 
researcher (M.R). 
 
Demographic and clinical data 

At t0, age, gender, lesion side, days since stroke onset, handedness (patient-reported), pre-
stroke residence (independent yes/no), type of stroke (ischemic, hemorrhage) and pre-
stroke comorbidities were registered. Non-severe pre-stroke pain that did not affect the 
contralesional upper extremity was classified as acute pain (duration > 1 week in the 3 
months prior to stroke), chronic pain (duration > 3 months) or recovered chronic pain (no 
pain in the 3 months prior to stroke). Medication use was registered at each time point. 
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Pain complaints 

Pain complaints were recorded at each time point using a pain diagram and pain intensity 
was scored during rest and during movement using a numeric rating scale (pain: 0 = no 
pain, 10 = maximum conceivable pain). In addition, PSSP distribution (localized, radiating, 
shooting), PSSP frequency (sometimes, at least 2 days a week, daily, continuous) and PSSP 
pattern (attacks: pain-free periods in between periods of pain, intermittent: never pain-free 
but pain intensity varies, constant: pain is constantly present and pain intensity is also 
constant) were assessed. Moreover, PSSP was assessed using the neuropathic pain 
diagnostic questionnaire (DN4).6,31,39 The DN4 consists of 10 items comprising pain 
descriptors and somatosensory signs. Scoring at least 4 items positively is suggestive of 
pain of predominantly neuropathic origin. 
 
Clinical assessment 

Motor function 

The level of voluntary motor control was assessed using the Motricity Index (MI) (0 = 
complete paresis, 100 = normal function).10 Passive pain-free range of motion (ROM) was 
assessed for shoulder abduction (0 – 180 degrees) and for shoulder external rotation (0 – 
90 degrees). For both ROM values, a ratio between sides was calculated 
(affected/unaffected). Spasticity was assessed at the elbow flexor muscles and shoulder 
internal rotator muscles using the Modified Ashworth Scale (MAS, range 0-4).5 Spasticity 
was defined as MAS ≥ 1. Glenohumeral subluxation was assessed by manual palpation (0 = 
no subluxation, 1 = subluxation ≥ 5 mm). 
 

Somatosensory function 

Sensation to touch, cold and sharpness was tested at the face (over the zygomatic bones), 
lateral side of the upper arms, posterior sides of the hands and lower legs (over the tibial 
bones), using a cotton wool swab, a metal tuning fork at room temperature and a Semmes 
Weinstein filament (force: 300 grams, North Coast Medical, Inc, UK), respectively.41 
Proprioception (joint position sense) was tested at the thumbs of both hands. Tests were 
always first performed at the unaffected (ipsilesional) side. Sensation at the affected side 
was scored as equal, diminished or increased compared to the unaffected side. Abnormal 
sensation at the affected side was defined as either diminished or increased sensation. For 
analysis, the somatosensory abnormalities at the arm and hand were pooled. 
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Cognitive and emotional function 

Cognitive function was assessed using the Mini Mental State Examination.37 Visual 
inattention and visual extinction were assessed by presenting unilateral right, unilateral left 
and bilateral visual stimuli (slight finger movement) at head and shoulder levels at 
approximately 1 meter distance. Tactile inattention and extinction were assessed by 
presenting a gentle tactile left, right or bilateral stimulus on the dorsum of the forearms and 
hands. Inattention was considered present when subjects inconsistently perceived the 
respective stimulus contralateral to their stroke lesion. Extinction was considered present 
when bilateral stimuli were consistently perceived unilaterally at the ipsilesional side. 
Depressive symptoms were assessed using the Zung Self-rating Depression Scale.46 
 
Autonomic function 

The presence of trophic changes (yes/no) at the arm and hand was assessed by visual 
inspection. Symptoms could include changes and/or asymmetry in 1) color, 2) temperature 
or 3) perspiration, 4) edema or 5) textural changes in nails or hair. 
 
Data processing and statistical analysis 

Statistical software package SPSS 16.0 for Windows was used (SPSS Inc., Chicago, IL, USA). 
Bivariate associations between all possible determinants (demographic data and motor, 
somatosensory, cognitive, emotional and autonomic functions) and groups (pPSSP, NoPSSP) 
were calculated for each time point (t0, t1, t2) separately using 1-way analyses of variance 
and χ2 tests. Clinical functions that were significantly associated (p < 0.05) with pPSSP were 
tested for their independent contribution to explaining the presence or absence of pPSSP 
using bivariate logistic regression analyses. The MI and pain-free ROMs were dichotomized 
preceding logistic analysis. Impaired voluntary motor control was defined as a MI ≤ 47 (i.e. 
scoring ≤ 19 on the pinch sub-task and ≤ 14 on the active elbow flexion and shoulder 
abduction sub-tasks). A restricted ROM was defined as a side-to-side ratio ≤ 0.75 (i.e. the 
ROM at the affected side was less than 75% of the ROM at the unaffected side). Statistical 
significance was assigned at the p < 0.05 level. 
 
Results 

pPSSP development 

Thirty-seven patients entered the study (see Figure 6.1). Three patients were lost to follow 
up. PSSP was observed at all time points, with the highest frequency at t1 (n = 11, 32%). 
Nine patients developed PSSP at both t1 and t2 and formed the pPSSP group. None of the 
patients with pPSSP could be classified as having SHS or CPSP.  
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Table 6.1 Demographic data at t0, number of subjects (%). 
 

  
pPSSP 
(n=9) 

NoPSSP 
(n=22) 

p 

Age (years) 72 ± 10 65 ± 13 0.153 
Male 6 (67) 8 (36) 0.124 
Right hemispheric stroke 6 (67) 14 (64) 0.873 
Baseline (days after stroke) 8 ± 3 7 ± 3 0.189 
Right-handed 8 (89) 19 (86) 0.849 
Independent living before stroke 8 (89) 22 (100) 0.237 
Ischemic stroke 9 (100) 22 (100) na 
Comorbidities    
   TIA 0 (0) 3 (14) 0.244 
   NIDDM 4 (44) 2 (9) 0.024* 
   Hypertension 1 (11) 9 (41) 0.107 
   COPD 1 (11) 4 (18) 0.627 
   Obesity 1 (11) 2 (9) 0.863 
   Pre-stroke pain 7 (78) 15 (68) 0.873 
      Acute pain 0 (0) 1 (5) 0.516 
      Chronic pain 3 (33) 7 (32) 0.935 
      Recovered chronic pain 4 (44) 7 (32) 0.736 

 
p: p-value for statistical testing; TIA: transient ischemic attack; NIDDM: non-insulin-dependent diabetes 
mellitus; COPD: chronic obstructive pulmonary disease; na: not applicable. * p < 0.05. 

 
Patients that recovered from PSSP after t1 (n = 2) or developed central post-stroke pain at 
another location (n = 1) were excluded from the analysis. The remaining patients formed 
the NoPSSP group (n = 22). 
 

Demographic and clinical data 

All strokes were ischemic (see Table 6.1). Only pre-morbid non-insulin-dependent diabetes 
mellitus (NIDDM) was more frequent in the pPSSP group (44 % versus 9 %, p = 0.024). 
 

Pain complaints in patients with pPSSP 

At t2, 6 patients reported daily pain, 2 patients reported pain at least 2 times per week and 
1 patient reported that pain occurred sometimes. Pain had a radiating character in 3 
patients (upper arm and/or scapula) and a shooting character in 1 patient. Pain attacks 
were reported by 7 and intermittent pain by 2 patients. None of the patients had a DN4 
score ≥ 4. Three patients used paracetamol or non-steroidal anti-inflammatory drugs on a 
regular basis. 
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Figure 6.2 Motor function: Motricity Index (A), spasticity (B) and pain-free passive range of motion (C&D). 
Error bars are standard errors. Black dots and bars represent the pPSSP group (n = 9), white dots and bars 
represent NoPSSP group (n = 20). SIR: shoulder internal rotation; EF: elbow flexion. † n=21 at t0. * p < 0.05, 
** p< 0.01. 

 

Clinical assessment 

On average, patients with pPSSP scored 36 to 38 points lower on the MI at all time points (p 
< 0.05) (see Figure 6.2). Spasticity of the elbow flexor muscles was significantly more 
common in patients with pPSSP at t1 (44 % versus 9 %) and t2 (56 % versus 18 %).  
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At all time points, ROM ratios for shoulder abduction and external rotation were on average 
10 % (t0) to 42 % (t2) lower in patients with pPSSP (p < 0.05). Only at t2, the presence of 
glenohumeral subluxation (not in Figure 6.2) was significantly more frequent in patients 
with pPSSP (22 % versus 0 %, p = 0.022).  
Abnormal (t2) and increased (t2) tactile sensation, abnormal (t1) and increased (t2) cold 
sensation and diminished proprioception (t0, t1) were more frequent in patients with 
pPSSP (p < 0.05) (see Table 6.2).Tactile extinction (t0, t1, t2), visual inattention (t0) and 
visual extinction (t2) were more frequent in patients with pPSSP (p < 0.05) (see Table 6.2). 
Trophic changes (t1), although mild, were more frequent in patients with pPSSP (p < 0.05) 
(see Table 6.2).  
 

Logistic regression analysis 

At t0, significant bivariate associations with pPSSP (Odds Ratio, p-value) were found for 
impaired voluntary motor control (25.00, p = 0.009), NIDDM (8.00, p = 0.038), tactile 
extinction (7.60, p = 0.043) and diminished proprioception (6.40, p = 0.034) (see Table 6.3). 
At t1, significant bivariate associations with pPSSP (Odds Ratio, p-value) were found for 
restricted ROM for passive pain-free shoulder external rotation (22.17, p = 0.002), impaired 
voluntary motor control (16.80, p = 0.021), spasticity at the elbow flexor muscles (8.00, p = 
0.038), diminished proprioception (8.00, p = 0.038), trophic changes (7.92, p = 0.024) and 
abnormal cold sensation (7.50, p = 0.029). At t2, significant bivariate associations were 
found for restricted ROM for passive pain-free shoulder abduction (73.50, p = 0.001) and 
external rotation (22.17, p = 0.002), impaired voluntary motor control (16.80, p = 0.021), 
spasticity of elbow flexor muscles (7.50, p = 0.028) and abnormal touch sensation (6.80, p = 
0.028). 
 



 

 

 
 
 
 
Table 6.2 Somatosensory, cognitive, emotional and autonomic functions, number of subjects (%) or median [min-max]. 
 

  t0 t1 t2 

  
pPSSP 
(n=9) 

NoPSSP 
(n=21) 

p 
pPSSP 
(n=9) 

NoPSSP 
(n=22) 

p 
pPSSP 
(n=9) 

NoPSSP 
(n=22) 

p 

Somatosensory function          
 Abnormal Touch 5 (56) 9 (43) 0.457 7 (78) 14 (64) 0.445 6 (67) 5 (23) 0.020 
    diminished 5 (56) 7 (33) 0.218 5 (56) 8 (36) 0.326 4 (44) 5 (23) 0.227 
    increased 1 (11) 2 (10) 0.863 5 (56) 10 (45) 0.609 2 (22) 0 (0) 0.022 
 Abnormal Cold 6 (67) 9 (43) 0.193 7 (78) 7 (32) 0.020 4 (44) 9 (41) 0.856 
    diminished 4 (44) 7 (33) 0.505 4 (44) 5 (23) 0.227 2 (22) 9 (41) 0.324 
    increased 2 (22) 2 (9) 0.322 3 (33) 2 (9) 0.096 3 (33) 0 (0) 0.004 
 Abnormal Sharpness 8 (89) 12 (57) 0.070 5 (56) 11 (50) 0.779 6 (67) 10 (45) 0.283 
    diminished 6 (67) 8 (38) 0.124 2 (22) 8 (36) 0.445 3 (33) 4 (18) 0.360 
    increased 2 (22) 6(29) 0.771 3 (33) 3 (14) 0.208 3 (33) 6 (29) 0.736 
 Diminished Proprioception 6 (67) 5 (24) 0.026 4 (44) 2 (9) 0.024 3 (33) 2 (9) 0.096 
Cognitive/emotional function          
 Cognitive dysfunction 2 (22) 2 (9) 0.102 0 (0) 1 (5) 0.516 0 (0) 0 (0) na 
 Visual inattention  2 (22) 0 (0) 0.025 1 (11) 0 (0) 0.112 0 (0) 0 (0) na 
 Tactile inattention 0 (0) 0 (0) na 0 (0) 0 (0) na 1 (11) 0 (0) 0.112 
 Visual extinction 3 (33) 3 (14) 0.232 1 (11) 0 (0) 0.112 2 (22) 0 (0) 0.022 
 Tactile extinction 4 (44) 2 (9) 0.028 2 (22) 0 (0) 0.022 2 (22) 0 (0) 0.022 
 Depression score (ZUNG)  36 [25-51] 34 [25-56] 0.871 36 [32-54] 36 [24-54] 0.149 35 [27-47] 34 [23-59] 0.902 
Autonomic function          
   Trophic changes arm/hand 4 (44) 4 (18) 0.149 5 (56) 3 (14) 0.015 2 (22) 2 (9) 0.322 

 
A: affected side, UA: unaffected side; MMSE: Mini Mental State Examination; ZUNG: Zung self-rating depression score. 



 

 

 
 
 
 
 
Table 6.3 Bivariate associations between pPSSP and candidate determinants as determined by logistic regression coefficients. 
 

 t0 t1 t2 
 OR 95% CI p OR 95% CI p OR 95% CI p 
NIDDM (0=0, 1=1) 8.00 1.13-56.73 0.038 na na na na na na 
Motricity Index (0<47; 1>47) 25.00 2.27-275.71 0.009 16.80 1.52-14.92 0.021 16.80 1.53-184.92 0.021 
ROM abduction (0< 0.75; 1>0.75) 0.00 na 1.000 0.00 na 1.000 73.50 5.75-939.74 0.001 
ROM external rotation (0<0.75; 1>0.75) 6.00 0.47-76.71 0.168 22.17 3.04-161.84 0.002 22.17 3.04-161.84 0.002 
Spasticity elbow flexors (0=0, 1=1) na na na 8.00 1.13-56.79 0.038 7.50 1.25-45.15 0.028 
Glenohumeral subluxation (0=0, 1=1) na na na na na na 0.00 na 1.000 
Abnormal touch sensation (0=0, 1=1) na na na na na na 6.80 1.23-37.50 0.028 
Increased touch sensation (0=0, 1=1) na na na na na na 0.00 na 1.000 
Abnormal cold sensation (0=0; 1=1) na na na 7.50 1.23-45.81 0.029 na na na 
Increased cold sensation (0=0; 1=1) na na na na na na 0.00 na 1.000 
Diminished proprioception (0=0; 1=1) 6.40 1.16-35.44 0.034 8.00 1.13-56.79 0.038 5.00 0.67-37.26 0.116 
Visual inattention (0=0, 1=1) 0.00 na 1.000 na na na na na na 
Visual extinction (0=0, 1=1) na na na na na na 0.00 na 1.000 
Tactile extinction (0=0, 1=1) 7.60 1.07-54.09 0.043 0.00 na 1.000 0.00 na 1.000 
Trophic changes (0=0, 1=1) na na na 7.92 1.31-47.51 0.024 na na na 

 
Cut-off scores are presented between brackets. NIDDM: non-insulin-dependent diabetes mellitus; ROM: shoulder passive pain-free range of motion; OR: odds 
ratio; CI: confidence interval; na: not applicable. 
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Discussion and conclusions 

The aim of the present study was to identify factors associated with pPSSP in the first 6 
months after stroke. pPSSP was associated with impaired voluntary motor control, 
diminished proprioception, tactile extinction, abnormal sensation, spasticity of the elbow 
flexor muscles, restricted ROM for both shoulder abduction and shoulder external rotation, 
trophic changes and NIDDM. The associations depended on the time after stroke, suggesting 
that different factors may be involved in the initiation versus the perpetuation of pPSSP. 
 
PSSP initiation 

Previous studies have related several clinical determinants to the initiation of PSSP in the 
acute and subacute phases after stroke, including a low score on the National Institutes of 
Health Stroke Scale,20 impaired voluntary motor control,1,14,20,26,27 glenohumeral 
subluxation,33 spasticity,22,45 somatosensory loss,13,14,16,20,27 anxiety and depression13,14,16 and 
advanced age16, but without reference to the onset of pain post-stroke nor to the duration of 
the pain episode.  
The present study specifically defined the minimum duration of the pain episode and found 
impaired voluntary motor control, NIDDM, diminished proprioception and tactile extinction 
to be associated with pPSSP already within 2 weeks after stroke. Hence, impairments of 
motor and somatosensory functions might be considered as relevant initiating factors of 
(p)PSSP. This is consistent with the “trauma-hypothesis”, which postulates that shoulder 
pain is initiated by (repetitive) micro-trauma of soft tissues around the shoulder joint due to 
impaired active motor control, impaired perception of (minor) injury and/or hemineglect.34 
In addition, shoulder pain is often associated with co-morbid diabetes mellitus.27,40 Pre-
morbid metabolic alterations associated with diabetes mellitus may lead to an increased 
risk of shoulder pathology after stroke.2  
Spasticity, restricted ROM of joints, throphic changes and abnormal cold sensation were not 
associated with pPSSP until 3 months after stroke. Spasticity could be an initiating factor of 
PSSP, for example by inducing muscle cramps, ischemia and contractures, and its onset after 
stroke has previously been associated with the onset of PSSP.22,45 However, since the 
association between spasticity and pPSSP was not found until 3 months after stroke, it is 
questionable whether PSSP was induced by spasticity. It is more likely that spasticity 
developed alongside or perhaps as a result of PSSP. A similar explanation may be given for 
restricted passive joint ROM and trophic changes8,15,36. For example, passive joint ROM may 
be related to impaired active motor control after stroke, to spasticity, to concomitant soft 
tissue inflammation, but also to abnormal use of the upper extremity due to pain-related 
fear of movement.25 
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The association between pPSSP and abnormal cold sensation is consistent with previous 
studies13,14 although specifically increased sensation was more frequently observed in the 
present study. Abnormal thermal processing due to spino-thalamo-cortical lesions has also 
been associated with central somatosensory sensitization, central pain19 and CRPS17. Since 
abnormal thermal processing may be related to both peripheral and central pain 
mechanisms,11 it remains unclear whether and how abnormal cold sensation contributed to 
the initiation pPSSP. 
 
PSSP perpetuation 

Since no previous prospective study has specifically investigated possible perpetuating 
factors of PSSP, explanations of PSSP maintenance have remained largely speculative. PSSP 
may become persistent simply because the initiating factors remain present. In the present 
study, several clinical functions were associated with pPSSP at all time points after stroke. 
Six months after stroke, however, the presence of pPSSP appeared to be more strongly 
associated with restricted ROM for shoulder abduction and elbow flexion than with 
impaired voluntary motor control, spasticity or diminished proprioception. Since the 
relationship between restricted joint ROM and PSSP may be bidirectional, restricted joint 
ROM could, thus, be a critical element in a vicious cycle leading to pPSSP. The notion of a 
gradually decreasing influence of initiating factors is consistent with the finding that 
impaired voluntary motor control, spasticity, glenohumeral subluxation and diminished 
proprioception were no longer related to pPSSP on average 19 months30 and 4 years7 after 
stroke.  
Similar as described for other types of persistent pain,11 PSSP may be maintained or even 
worsened by somatosensory sensitization. Indeed, somatosensory sensitization has been 
previously observed in patients with pPSSP in the chronic phase after stroke.31,44 In the 
present study, pPSSP was associated with abnormal cold sensation (t1) and abnormal touch 
sensation (t2), and increased tactile and cold sensations (suggestive of somatosensory 
sensitization) were specifically more frequent in patients with pPSSP. 
 

Study limitations 

The number of subjects included in this study was relatively small, although a large number 
of patients was assessed for eligibility. The main reason for using a strict selection of 
patients was to minimize the influence of many potential confounders such as pre-morbid 
pain complaints, other neurological or musculoskeletal diseases, cognitive deficits and 
bilateral stroke symptoms. As such, the internal validity of temporal (and possibly) causal 
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relationships was considered more important than the statistical power or generalizability 
to all patients with stroke.  
Although we followed our patients up to 6 months after stroke onset, a longer follow-up 
would have provided more information about the long-term evolution of pPSSP, specifically 
in relation to somatosensory sensitization. 
 
Conclusions 

The findings suggest a multi-factorial etiology of pPSSP and warrant a multi-factorial 
approach to both prevention and treatment. The association of pPSSP with restricted 
passive pain-free joint ROM and with signs indicative of somatosensory sensitization may 
implicate a vicious cycle of pain, limited ROM, re-injury and somatosensory sensitization 
which seems to establish itself quite rapidly (i.e. within 3 months after PSSP onset). 
Prevention of (repetitive) (micro-)trauma at the shoulder should therefore be a priority in 
all phases of stroke rehabilitation and should be part of the education of both the patient 
and caregivers. Interventions should be multidimensional focusing on maintaining and 
restoring passive pain-free ROM, reducing spasticity, improving active motor control and 
preventing somatosensory sensitization. Possibly, treatment strategies that intervene at 
various levels simultaneously, such as neuromuscular electrical stimulation, may prove to 
be specifically effective both in acute9 and persistent28 PSSP. Lastly, the multi-factorial 
etiology of PSSP and its distinction from central post-stroke pain and shoulder-hand 
syndrome necessitates careful clinical assessment beyond the examination of the shoulder 
alone, including motor (active and passive), somatosensory, cognitive, emotional and 
autonomic functions.  
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Appendix 6.1 Exclusion criteria. 
 

 

 

Exclusion criteria n 
Stroke Recurrent 82 
 Brain stem/cerebellum 22 
 Bilateral 2 
 Onset >14 days prior to participation 7 
 No motor or somatosensory symptoms 37 
Medical Complications (e.g. coma, infections, combination of exclusion criteria) 36 
 Trauma 4 
 Cancer 4 
 Alcohol abuse 2 
 Upper extremity fracture/prosthesis 5 

 
Signs of any possible concomitant neurological condition affecting the central or 
the peripheral nervous system (including diabetic polyneuropathy) 

13 

 Pre-morbid psychiatric disorders 4 
 Pre-morbid cognitive disorders 10 

 
Concomitant diseases affecting the regions of somatosensory examination (face, 
lateral upper arms, back of the hands, front sides of the lower leg) 

12 

Pain  
Pre-morbid pain complaints, either severe and/or affecting the contralesional 
upperextremity 

20 

Other Discharge within the first 3 days after stroke 11 
 No adequate response to closed (yes/no) questions 10 
 Total excluded 281 
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Abstract 

The mechanisms underlying persistent post-stroke shoulder pain (pPSSP) are largely 
unclear. This study explored the relationship between the onset of somatosensory 
symptoms and signs and the development of pPSSP in the first 6 months after stroke. 
Extensive assessment of somatosensory signs was performed within 2 weeks (t0), at 3 
months (t1) and at 6 months (t2) after stroke using clinical examination and quantitative 
sensory testing. Supraspinal endogenous inhibitory functions were assessed using a 
conditioned pain modulation paradigm. At the affected side, pPSSP (n = 9) was associated 
with diminished proprioception (t0, t1), with diminished sensation for touch (t1) and 
sharpness (t2), with increased QST threshold ratios (TDT, EST, EPT, EPTT, PPT) and with 
increased cold sensation (t2). At the unaffected side, pPSSP was associated with reduced 
cold pain tolerance thresholds (t1). In patients with pPSSP reporting increased sensation at 
the affected side, multiple body sites across multiple stimulus modalities were involved and 
increased sensation persisted from t1 to t2. Conditioned pain modulation was not different 
from patients without pPSSP (n = 22). Pain complaints were mostly suggestive of 
nociceptive pain, and the relationship between pPSSP and somatosensory loss is consistent 
with the “trauma-hypothesis”. The relationship between pPSSP and increased sensation, 
indicative of somatosensory sensitization, has not been reported before in the first 6 
months after stroke. Since somatosensory sensitization may contribute to the progression 
of pPSSP and is also observed in patients with central post-stroke pain, it is important to 
extensively monitor somatosensory abnormalities in all phases after stroke. 
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Introduction 

Pain is a common complication after stroke.16,25 Post-stroke shoulder pain (PSSP) has been 
reported in 5 to 84 % of patients and has a typical onset of 2 to 3 months after stroke.2,45 
Among others, PSSP has been associated with impaired voluntary motor control8,12,33, 
somatosensory loss12,23,33, spasticity27,54 and glenohumeral subluxation40. Each of these 
factors could potentially contribute to (repetitive) injury of the shoulder joint or upper 
extremity and subsequent peripheral nociceptive input. PSSP treatment is, therefore, mostly 
focused at a normalization of muscle tone, a reduction of glenohumeral subluxation or 
treatment of the presumed inflammation of the shoulder capsule or surrounding tissues. 
However, pain reduction is generally unsatisfactory39,41,50 and persistent PSSP (pPSSP) is 
common.23 
Interestingly, previous cross-sectional studies concluded that pPSSP was not associated 
with impaired voluntary motor control4, spasticity or glenohumeral subluxation, but rather 
with somatosensory abnormalities and depression.37 Somatosensory abnormalities 
included both signs indicative of somatosensory loss as well as of somatosensory 
sensitization.24 In addition, patients with pPSSP often reported neuropathic-like pain 
complaints3 which, combined with an abnormal spino-thalamo-cortical function, could be 
indicative of neuropathic pain.38  
The discrepancies between sub-acute versus pPSSP suggest that mechanisms other than 
peripheral nociception could be responsible for the development of shoulder pain after 
stroke. However, the causal relationship between somatosensory abnormalities and the 
development of pPSSP remains largely speculative. Previous prospective studies often 
lacked extensive assessment of somatosensory symptoms and signs11,23 and generally did 
not take into account the onset of pain post stroke nor the duration of the pain 
episode.12,14,23,32,33 Theoretically, somatosensory abnormalities in patients with PSSP may be 
explained by ongoing nociceptive input from the shoulder as well as by central lesions 
affecting somatosensory pathways.6 In addition, other factors such as depression18,44 and 
altered cognition, 22,30either predisposing or related to the stroke or to ongoing pain, may 
indirectly contribute to abnormal somatosensory processing in patients with pPSSP. 
This study aimed to bridge part of the gap between findings in sub-acute versus pPSSP by 
exploring the relationship between the onset of somatosensory symptoms and signs and the 
development of persistent shoulder pain in the first 6 months after stroke. Extensive 
somatosensory assessment was performed within 2 weeks (t0), at 3 months (t1) and at 6 
months (t2) after stroke. 
 
 



Chapter 7 

134 

Methods 

Subjects 

All consecutive patients (age ≥ 18 years) admitted to the neurological and stroke units of 
two teaching hospitals in the Netherlands (Ziekenhuisgroep Twente and Medisch Spectrum 
Twente) with a clinical diagnosis of stroke were screened for participation between May 
and December 2009.  
All stroke patients who had sustained a first-ever cortical or subcortical unilateral stroke 
(infarction or hemorrhage) resulting in somatosensory and/or motor symptoms or signs 
were eligible. Based on the screening of medical records (n = 357), a total of 281 patients 
were excluded from participation. The exclusion criteria are listed in Appendix 7.1. Thus, a 
total of 76 patients were approached for participation. The study was approved by the local 
medical ethical committee (Medisch Spectrum Twente). Patients received oral and written 
information about the study protocol and signed informed consent prior to participation. 
 
Pain classification 

PSSP was defined as shoulder pain confined to the shoulder and/or C5 dermatome of the 
contralesional side with an onset after stroke and present during rest or during active or 
passive motion. Persistent PSSP (pPSSP) was defined as non-remitting PSSP present at both 
3 and 6 months post stroke. Patients who did not develop pain during the study period, or 
who had PSSP only at baseline without having PSSP at 3 and 6 months after stroke were 
included in the control group (NoPSSP). Central post-stroke pain19 and post-stroke complex 
regional pain syndrome42 were diagnosed according to proposed grading systems.  
 

Study protocol 

Patients were interviewed and examined within 2 weeks (t0), at 3 months (t1) and at 6 
months (t2) after stroke. t0 was performed during hospital stay, t1 and t2 were performed 
at a regional rehabilitation clinic or, if the patient had no transportation, at the patient’s 
residence. Quantitative sensory testing (QST) and conditioned pain modulation (CPM) were 
only performed at t1 and t2. CPM was only performed when the measurements took place 
at the rehabilitation centre. All data were collected by the same researcher (M.R). 
 
Demographic and clinical data 

At t0, age, gender, handedness (patient-reported), type of stroke (ischemic, hemorrhage), 
lesion side, days since stroke onset, and pre-stroke comorbidities (e.g. diabetes, 
hypertension, pain) were registered. In addition, at every time point, medication use, 
cognitive function (Mini Mental State Examination)43, depressive symptoms (ZUNG self-
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rating depression scale)58 and upper extremity motor function (Motricity Index, 0 = 
complete paresis, 100 = no paresis)5 were assessed. 
 
Pain complaints in patients with pPSSP 

Pain complaints were recorded at each time point using a pain diagram. Pain intensity was 
scored using a numeric rating scale (0 = no pain, 10 = maximum conceivable pain). In 
addition, PSSP distribution (localized, radiating, shooting), PSSP frequency (continuous, 
daily, at least 2 days a week, sometimes) and PSSP pattern (attacks: pain-free periods in 
between periods of pain, intermittent: never pain-free but pain intensity varies, constant: 
pain is constantly present and pain intensity is also constant) were assessed. Moreover, 
PSSP was assessed using the neuropathic pain diagnostic questionnaire (DN4).3,47 The DN4 
consists of 10 items comprising pain descriptors and somatosensory signs. A positive score 
on at least 4 items is suggestive of pain of predominantly neuropathic origin. 
 

Somatosensory symptoms 

At each time point, patients were interviewed about the presence of spontaneous or evoked 
paresthesia and dysesthesia using a pain diagram. According to the definition of the 
International Association for the Study of Pain, paresthesia was defined as an abnormal 
sensation, whereas dysesthesia was defined as an unpleasant abnormal sensation 26.  
 
Somatosensory signs - Clinical examination 

Sensation to touch, cold and sharpness was tested at the face (over the zygomatic bones), 
upper arms (C5 dermatomes), posterior sides of the hands and lower legs (over the tibial 
bones), using a cotton wool swab, a metal object at room temperature and a 6.65 (force: 300 
grams) Semmes Weinstein filament (North Coast Medical, Inc, UK), respectively.49 
Proprioception was tested at the thumbs of both hands (joint position sense). Tests were 
always first performed at the unaffected (ipsilesional) side. Subjects had to indicate whether 
sensation at the affected side was equal, diminished or increased compared to the 
unaffected side. All tests were perceived as being painless at the unaffected side. If any of 
the evoked sensations was painful in patients, this was considered as allodynia (tactile, cold, 
sharpness).24 If the evoked sensation was reported as unpleasant and abnormal, this was 
recorded as dysesthesia.26 If the evoked sensation was reported as being merely abnormal, 
this was recorded as paresthesia.26 The sensations recorded at the arm, hand and face were 
used for analysis. 
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Somatosensory signs - Quantitative sensory testing 

All QST thresholds, except the vibration detection threshold (VDT), were determined as 
described in a previous study.37 In brief, modality-specific assessment was performed using 
mechanical QST.15 The VDT was determined at the styloid process of the ulnar bone using a 
128 Hz Rydel Seiffer tuning fork (Arno Barthelmes & Co. GmbH, Germany). The VDT was 
defined as the score (0 = maximal vibration intensity, 8 = minimal vibration intensity) 
belonging to the lowest vibration intensity that could be perceived. The VDT was recorded 
once at each side. The TDT was determined using Semmes Weinstein filaments (Touch-Test 
Hand Kit, North Coast Medical, Inc, UK) over the middle deltoid muscle. The TDT was 
defined as the smallest filament that could be perceived at both locations. The pressure pain 
threshold (PPT) was determined using a pressure-algometer (Somedic, Sweden) with a 
stimulation surface of 1 cm2, a slope of 50 kPa/s and a cut-off point of 1000 kPa. The PPT 
was determined 3 times at both upper arms over the middle deltoid muscle. The PPT was 
defined as the pressure intensity at which patients first perceived the pressure as painful. 
The 3 PPTs were averaged for further analysis.  
Non-receptor mediated assessment was performed using electrical QST. The electrical 
sensation threshold (EST), electrical pain threshold (EPT) and electrical pain tolerance 
threshold (EPTT) were determined using a custom built stimulator (pulse width: 0.2 ms, 
frequency: 100 Hz, ramp: 0.4 mA/s, maximum stimulus amplitude: 16 mA). The stimulator 
was attached to the upper arm via 2 Ag/AgCl electrodes that were placed just above the 
deltoid tuberosity of the humerus. Patients could manually activate the stimulator by 
pressing a switch. The EST was defined as the stimulus intensity at which the electrical 
pulses were perceived for the first time. The EPT was defined as the stimulus intensity at 
which the electrical pulses were perceived as both stinging and annoying. The EPTT was 
defined as the stimulus intensity at which the electrical pulses were perceived as burning 
and very annoying. Thresholds were determined 4 times on each side. The last 3 thresholds 
were averaged for further analysis.  
 
Conditioned pain modulation 

CPM was used to test supraspinal endogenous inhibitory functions, i.e. diffuse noxious 
inhibitory controls.31,48,56 The procedure was similar as described in a previous study.37 
After QST, patients placed their unaffected hand in a polystyrene box filled with ice-water 
(0-0.5 ºC). The hand was immersed up to the wrist with the fingers spread. Patients were 
instructed to keep their hand in the water as long as tolerable but with a maximum of 3 
minutes. Immersion time was recorded as a measure of cold pain tolerance. After removing 
the hand from the water, patients rated the pain in their hand using a NRS (0 = no pain, 10 = 
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maximum conceivable pain). Directly afterwards, the EPT and PPT were determined twice 
at the affected side similar as before. The 2 thresholds were averaged for further analysis. 
 

Data processing 

For each group (pPSSP, NoPSSP), average and standard deviations, median [range] or 
frequencies were determined. In addition to the raw QST data, a within-subject ratio was 
calculated for all QST thresholds (affected/unaffected side). Moreover, individual QST ratios 
of patients were normalized to a previously obtained HC data set37 using a z-
transformation.35 Hypoesthesia (VDT, TDT, EST) and hypoalgesia (EPT, EPTT, PPT) were 
defined as a QST ratio z-score higher than 2. Hyperesthesia (VDT, TDT, EST) and 
hyperalgesia (EPT, EPTT, PPT) were defined as a QST ratio z-score lower than –2. CPM was 
assessed by calculating a pre-post ratio of the QST thresholds measured before and after the 
cold pressor test (thresholds post/pre). All QST thresholds and ratios were log-transformed 
prior to statistical analysis.35 
 
Statistical analysis 

Statistical software package SPSS 16.0 for Windows was used (SPSS Inc., Chicago, IL, USA) to 
analyze differences between groups (pPSSP, NoPSSP). Differences in frequencies of 
somatosensory symptoms (dysesthesia, paresthesia) and signs as assessed with clinical 
examination (increased/diminished sensation, allodynia/dysesthesia, paresthesia) or QST 
(z-score analysis) at t0, t1 and t2 were only statistically tested when the difference between 
groups was greater than 30 % (Chi-square tests). Differences in raw QST thresholds 
(unaffected side only) and QST threshold ratios were statistically tested using 1-way 
analyses of variance (ANOVAs). Data related to CPM was analyzed using 1-way ANOVAs. To 
assess the relation between initial stroke severity at t0 and somatosensory sensory 
abnormalities at t1 and t2, the correlation between Motricity Index scores and the presence 
of diminished or increased sensation (touch, cold, sharpness, proprioception) at the arm or 
hand at t0 and the presence of diminished or increased sensation (touch, cold, sharpness, 
proprioception) at the arm or hand at t1 and t2 was determined using Pearson and 
Spearman Rank Correlations. For all tests, statistical significance was assigned at the p < 
0.05 level using 2-tailed analysis.  
 

Results 

Patient inclusion 

Patient flow is summarized in Appendix 7.2. Nine patients reported PSSP at both t1 and t2 
and formed the pPSSP group.  
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Table 7.1 Demographics and clinical data, mean ± SD, number of subjects (%) or median [range]. 
 

  
pPSSP 
(n=9) 

NoPSSP 
(n=22) 

Age (years) 72 ± 10 65 ± 13 
Male 6 (67) 8 (36) 
Right-handed 8 (89) 19 (86) 
Type of stroke   
   Infarction 9 (100) 22 (100) 
Right-hemispheric stroke 6 (67) 14  (64) 
Baseline (days after stroke) 8 ± 3 7 ± 3 
Comorbidities   
   Pre-stroke pain 3 (33) 8 (36) 
   NIDDM 4 (44) 2 (9) 
   Hypertension 1 (11) 9 (41) 
Cognitive dysfunction (MMSE < 24) 2 (22) 2 (9) 
Depression score (ZUNG) 36 [25-51] 34 [25-56] 
Motor function 47 [0-100] 76 [9-100] 

 
NIDDM: non-insulin dependent diabetes mellitus; MMSE: mini mental state examination; ZUNG: self-
rating depression scale. 

 
None of these patients could be classified as having CPSP or post-stroke complex regional 
pain syndrome. Patients that recovered from PSSP after t1 (n=2) or that developed isolated 
central post-stroke pain19 at another location (n=1) were excluded from the analysis. The 
remaining 22 patients formed the NoPSSP group.  
 
Demographic and clinical data 

Demographic and clinical data at t0 are summarized in Table 7.1. All strokes were ischemic. 
In the pPSSP group the age was somewhat higher, the proportion of male patients was 
higher and premorbid non-insulin dependent diabetes mellitus was more frequently 
observed. Premorbid hypertension was more frequently observed in the NoPSSP group. 
Motor function was impaired in both patient groups, but this was more pronounced in 
patients developing pPSSP. Pre-stroke pain was equally common in both patient groups. 
 
Pain complaints in patients with pPSSP  

Pain complaints in patients developing pPSSP are summarized in Table 7.2. Pain was 
increased during movement in all patients at all time points and occurred mostly in attacks.  
 
Somatosensory symptoms 

Frequencies of self-reported dysesthesia and paresthesia were generally low and were not 
different between groups (see Appendix 7.3). 
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Table 7.2 Pain complaints in patients with pPSSP, median [range] or number of subjects. 
 

  
t0 

(n=4) 
t1 

(n=9) 
t2 

(n=9) 
Pain intensity    
   rest 1.5 [0-5] 0 [0-4] 0 [0-3] 
   movement 5 [3-10] 8 [7-10] 6 [3-10] 
Pain worsened by movement 4 9 9 
Pain frequency    
   sometimes 1 3 1 
   >2days/week 0 0 2 
   daily 2 6 6 
   constant 1 0 0 
Pain pattern    
   attacks 3 7 7 
   intermittent 1 2 2 
Neuropathic pain (DN4 ≥ 4) 1 1 0 
Analgesic medication 4 2 3 

 
Analgesic medications were paracetamol or non-steroidal anti-inflammatory drugs. 
 
 
Table 7.3 Clinical examination at the affected versus the unaffected side, number of subjects (%). 
 

   t0 t1 t2 

   
pPSSP 
(n=9) 

NoPSSP 
(n=21) 

pPSSP 
(n=9) 

NoPSSP 
(n=22) 

pPSSP 
(n=9) 

NoPSSP 
(n=22) 

Arm        
 T - 4 (44) 3 (14) 5 (56)* 2 (9) 3 (33) 2 (9) 
 + 0 (0) 1 (5) 0 (0) 0 (0) 1 (11) 0 (0) 
 C - 2 (22) 4 (19) 2 (22) 1 (5) 2 (22) 5 (23) 
 + 1 (11) 2 (10) 3 (33) 2 (9) 3 (33)* 0 (0) 
 S - 4 (44) 7 (33) 2 (22) 5 (23) 2 (22) 3 (14) 
 + 2 (22) 2 (10) 2 (22) 0 (0) 2 (22) 2 (9) 
Hand        
 T - 4 (44) 7 (33) 4 (44) 4 (18) 4 (44) 5 (23) 
 + 1 (11) 2 (10) 0 (0) 0 (0) 2 (22) 0 (0) 
 C - 4 (44) 7 (33) 4 (44) 5 (23) 4 (44) 6 (27) 
 + 2 (22) 2 (10) 3 (33) 2 (9) 2 (22) 0 (0) 
 S - 5 (56) 6 (29) 2 (22) 4 (18) 3 (33) 3 (14) 
 + 1 (11) 4 (19) 3 (33) 2 (9) 3 (33) 4 (18) 
 P - 6 (67)* 5 (24) 4 (44)* 2 (9) 3 (33) 2 (9) 
Face        
 T - 2 (22) 2 (10) 4 (44)* 2 (9) 4 (44) 4 (18) 
 + 0 (0) 1 (5) 0 (0) 0 (0) 1 (11) 0 (0) 
 C - 3 (33) 4 (19) 2 (22) 3 (14) 1 (11) 1 (5) 
 + 1 (11) 2 (10) 3 (33) 1 (5) 1 (11) 0 (0) 
 S - 5 (56) 6 (29) 2 (22) 0 (0) 3 (33)* 0 (0) 
  + 1 (11) 2 (10) 3 (33) 3 (14) 2 (22) 0 (0) 

 
T: touch; C: cold; S: sharpness; P: proprioception; -: diminished, +: increased. * risk difference > 30 % and 
p < 0.05 (Chi-square tests). 
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Somatosensory signs - Clinical examination 

Frequencies of diminished and increased sensation at the affected versus the unaffected 
side are presented in Table 7.3. At t0, diminished proprioception (hand) was more common 
in patients developing pPSSP. At t1, diminished touch sensation (arm and face) and 
diminished proprioception (hand) were significantly more common in patients developing 
pPSSP. At t2, increased sensation to cold (arm) and decreased sensation to sharpness (face) 
were more common in patients with pPSSP.  
Interestingly, at t2, increased sensation to touch and cold (all locations) was only observed 
in patients with pPSSP. Moreover, all of the patients with pPSSP reporting increased 
sensation to cold or sharpness at the affected upper arm at t2 also reported increased 
sensation to cold or sharpness at t1.  
Frequencies of evoked allodynia/dysesthesia and paresthesia at the affected side were 
generally low and were not different between groups (see Appendix 7.4). 
 

Somatosensory signs - Quantitative sensory testing 

Raw QST thresholds measured at the unaffected and affected side at t1 and t2 are presented 
in Table 7.4. At the unaffected side, thresholds were not significantly different between 
groups, although at t2, median pain thresholds were somewhat higher in patients with 
pPSSP. QST thresholds ratios (affected/unaffected side) are presented in Figure 7.1.  
 
Table 7.4 Quantitative sensory testing: raw thresholds, median [range]. 
 

  t1 t2 

  
pPSSP 
(n=9) 

NoPSSP 
(n=22) 

pPSSP 
(n=9) 

NoPSSP 
(n=22) 

UA     
   VDT 8 [7-8] 7 [6-8] 8 [7-8] 8 [6-8] 
   TDT 3.61 [2.83-4.31] 3.61 [2.82-4.31]a 3.61 [2.83-4.31] 3.61 [2.82-4.31] 
   EST 1.18 [0.59-2.16] 1.10 [0.43-2.16] 1.02 [0.65-2.08] 1.06 [0.58-2.14] 
   EPT 2.52 [1.45-3.53] 2.16 [1.10-10.09] 2.97 [1.33-7.07] 1.89 [0.95-12.54]b 
   EPPT 3.31 [1.29-6.57] 3.62 [1.75-13.61] 5.13 [1.28-11.27] 3.01 [1.36-15.47] 
   PPT 332 [172-597] 335 [156-939] 305 [115-669] 275 [165-1000] 
A     
   VDT 7 [1-8] 7 [1-8] 8 [1-8] 8 [1-8] 
   TDT 4.31 [2.83-6.65] 3.61 [2.83-4.31]a 4.31 [3.61-6.65] 3.61 [2.83-4.56] 
   EST 1.84 [0.69-7.57] 1.05 [0.57-3.24] 1.56 [0.64-16.00] 1.09 [0.60-2.89] 
   EPT 2.74 [1.57-11.33] 2.32 [0.80-7.70] 2.52 [2.11-16.00] 1.85 [0.69-13.15] 
   EPPT 4.56 [2.78-8.27] 3.54 [1.13-11.59] 5.24 [3.30-16.00] 2.68 [0.69-16.00] 
   PPT 353 [224-587] 276 [158-1000] 350 [213-621] 237 [100-1000] 

 
UA: unaffected side; A: affected side; VDT: vibration detection threshold (8 = normal sensation); TDT: 
tactile detection threshold; EST: electrical sensation threshold; EPT: electrical pain threshold; EPTT: 
electrical pain tolerance threshold; PPT: pressure pain threshold. a n=21, b n=8. 
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Figure 7.1 Quantitative sensory testing: threshold ratios at t1 (A) and t2 (B), mean ± SE. VDT: vibration 
detection threshold; TDT: tactile detection threshold; EST: electrical sensation threshold; EPT: electrical 
pain threshold; EPTT: electrical pain tolerance threshold; PPT: pressure pain threshold; A/UA: 
affected/unaffected. * p < 0.05. 
 
 
Table 7.5 Abnormal z-scores of threshold ratios, number of subjects (%). 
 

 
-: diminished; +: increased. a n = 21. * risk difference > 30 % and p < 0.05 (Chi-square tests). 

 
At t1, all mean QST thresholds (except the VDT) were higher in patients with pPSSP, 
however, only the mean EPT and PPT ratios showed significant group differences. At t2, all 
mean QST ratios (except the VDT and the EST) were significantly higher in patients with 
pPSSP.  

  t1 t2 

  
PSSP 
(n=9) 

NoPSSP 
(n=22) 

PSSP 
(n=9) 

NoPSSP 
(n=22) 

TDT - 3 (33) 5 (23)a 6 (67) 7 (32) 
 + 0 (0) 0 (0)a 0 (0) 0 (0) 
EST - 2 (22) 2 (9) 3 (33)* 0 (0) 
 + 0 (0) 1 (5) 0 (0) 0 (0) 
EPT - 2 (22) 0 (0) 2 (22) 0 (0) 
 + 0 (0) 0 (0) 1 (11) 1 (5) 
EPTT - 4 (44) 5 (23) 5 (56)* 0 (0) 
 + 1 (11) 2 (9) 0 (0) 2 (9) 
PPT - 0 (0) 0 (0) 2 (22) 1 (5) 
 + 0 (0) 0 (0) 0 (0) 2 (9) 
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In addition, z-score analysis of individual QST ratios showed that, only at t2, hypoesthesia 
(EST) and hypoalgesia (EPTT) were more common in patients with pPSSP (see Table 7.5). 
The frequencies of hyperesthesia and hyperalgesia were low and were not different 
comparing groups. 
 

Conditioned pain modulation 

At t1, CPM was performed in a subgroup of pPSSP (n = 4) and NoPSSP (n = 10) patients. 
Immersion time (cold pain tolerance) was significantly lower in the pPSSP group (median 
[range]: 42 [22-62] versus 117 [30-180] seconds, p = 0.043). Although the EPT and PPT 
ratios were lower in the pPSSP group, no significant differences were observed between 
groups for the EPT ratio (1.00 [0.59-3.07] versus 1.45 [1.04-2.55], p = 0.314), the PPT ratio 
(0.95 [0.80-1.12] versus 1.08 [0.73-1.42], p = 0.508) or the cold pressor pain intensity (6 [5-
8] versus 7 [2-8]). CPM was also performed at t2, but these results were not analyzed since 
only 2 patients with pPSSP could be tested. 
 
Table 7.6 Correlations between motor and somatosensory functions at t0, t1 and t2. 
 

     t0 - + 
      MI T C S P T C S 
t0 - T -.254 1.000 na na na na na na 
  C -.112 .508** 1.000 na na na na na 
  S .004 .327 .397* 1.000 na na na na 
  P -.385* .649** .569** .120 1.000 na na na 
 + T -.061 -.045 -.254 -.089 -.023 1.000 na na 
  C -.059 .080 -.298 .026 -.095 .850** 1.000 na 
  S .008 .123 .010 -.262 .167 .553** .429* 1.000 
t1 - T -.246 .247 .172 .126 .172 .157 .053 .385* 
  C -.153 .208 .408* .408* .257 -.218 -.257 -.066 
  S .096 .289 .489** .331 .196 -.236 -.277 -.107 
  P -.562** .442* .311 .033 .484** .111 .049 .075 
 + To -.063 .272 .208 .267 .208 .111 .196 .000 
  C -.089 .000 -.155 .120 .031 .447* .614** .135 
  S -.079 .272 -.035 .033 .138 .389* .539** .264 
t2 - T -.292 .208 .408* .408* .257 -.218 -.257 -.395* 
  C .146 .226 .282 .397* .139 .208 .109 .010 
  S -.058 .032 .234 .590** .071 -.184 -.216 -.333 
  P -.425* .365* .402* .120 .402* -.149 -.175 -.067 
 + T -.272 .327 -.203 .018 .074 .356 .681** .141 
  C -.132 -.045 -.254 -.089 .208 .259 .196 .050 
   S .072 .208 -.045 -.029 .106 .509** .599** .428* 

 
MI: Motricity Index; T: touch; C: cold; S: sharpness; P: proprioception; -: diminished sensation; +: 
increased sensation; na: not applicable. Moderate to strong correlations (> 0.5) are depicted in bold. * p < 
0.05, ** p < 0.001 
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Initial stroke severity and diminished and increased sensation at t0, t1 and t2 

Motricity Index scores at t0 were not correlated to the presence of abnormal sensation at 
either t0, t1 or t2 except for the presence of diminished proprioception at t0, t1 and t2 (see 
Table 7.6).  
At t0, the presence of diminished and increased sensation correlated between modalities 
(see Table 7.6). Diminished sensation at t0 was either not or only weakly (< 0.5) correlated 
to diminished sensation at t1 or t2, except for diminished sharpness sensation at t2. 
Increased touch sensation at t0 was moderately to strongly correlated with increased 
sharpness sensation at t2. Increased cold sensation at t0 was moderately to strongly 
correlated with increased cold and sharpness sensation at t1, and with increased touch 
sensation and increased sharpness sensation at t2. 
 

Discussion and conclusions 

The goal of the present prospective cohort study was to explore the relationship between 
the onset of somatosensory symptoms and signs and the development of persistent 
shoulder pain in the first 6 months after stroke. At the affected side, pPSSP was associated 
with diminished proprioception (t0, t1), with diminished sensation for touch (t1) and 
sharpness (t2), with increased QST threshold ratios (TDT, EST, EPT, EPTT, PPT) and with 
increased cold sensation (t2). At the unaffected side, pPSSP was associated with reduced 
cold pain tolerance thresholds (t1). Notably, in those patients with pPSSP reporting 
increased sensation at the affected side, multiple body sites across multiple stimulus 
modalities were involved and increased sensation persisted from t1 to t2. Conditioned pain 
modulation was not significantly different between groups. 
 
Somatosensory loss 

In previous studies, PSSP has been consistently associated with signs indicative of 
somatosensory loss at the affected side, in both acute and chronic stroke and with acute and 
persistent PSSP.8,33 In these studies, somatosensory loss has been observed for 
tactile11,12,14,23,37, thermal11,12 and electrical37,38 stimuli and for proprioception28,29,40. In 
addition, an association between PSSP and somatosensory loss at the unaffected side has 
been found.29,37 However, except for our own studies, most of these studies have been 
performed using only a clinical examination and were only reported for innocuous stimuli. 
Consistent with previous studies, the present study showed that, in the first 6 months after 
stroke, diminished sensation was more frequently observed in patients with pPSSP,  for 
both innocuous and noxious stimuli. Somatosensory loss at the affected side could 
contribute to the initiation of PSSP by increasing the risk of (repetitive) micro-trauma of 



Chapter 7 

144 

soft tissues around the shoulder joint, which, combined with impaired voluntary motor 
control and hemi-inattention, would be consistent with the  “trauma-hypothesis”.41 Most 
importantly, these factors may contribute independently to the development of pPSSP, since 
the level of voluntary motor control was generally not correlated to the presence of 
somatosensory loss at t0, t1 or t2, except for a negative correlation with diminished 
proprioception at t1. Moreover, the presence of somatosensory loss at t0 was not or only 
weakly positively correlated to the presence of somatosensory loss at t1 and t2, indicating 
that the observed differences between pPSSP and NoPSSP at t1 and t2 cannot be merely 
explained by differences in initial stroke severity. Nonetheless, somatosensory loss may 
have contributed to central hypersensitivity in patients with PSSP, similar as described for 
CPSP.19 
 
Somatosensory sensitization 

So far, signs indicative of somatosensory sensitization have only been investigated in 2 
cross-sectional studies of pPSSP. In the study by Widar et al (average PSSP duration 20 
months), tactile allodynia at the affected side was observed in 2 out of 18 patients.53 In our 
own cross-sectional study, signs indicative of somatosensory sensitization were more 
frequently observed in patients with pPSSP (average PSSP duration 19 months) as 
compared to pain-free stroke patients.37 Signs included increased sensation to cold and 
sharpness, tactile, cold and sharpness allodynia and blunt pressure hyperalgesia at the 
affected side and reduced cold pain tolerance and blunt pressure pain thresholds at the 
unaffected side.37,38  
In the present study, pPSSP was associated with increased sensation to cold at the affected 
side, and with reduced cold pain tolerance at the unaffected side (t1). In addition, all of the 
patients with pPSSP reporting increased sensation to cold or sharpness at the affected 
upper arm at t2 also reported increased sensation to cold or sharpness at t1. However, 
pPSSP was not associated with other signs of somatosensory sensitization, such as allodynia 
or hyperalgesia.  
Since the signs at the affected side only imply mild somatosensory sensitization, and the 
number of included subjects was low, the underlying mechanisms remain unclear. Pain 
complaints were mostly suggestive of nociceptive pain. Pain was increased by movement 
and was generally absent during rest, the DN4 scores were low and none of the patients 
could be classified as having CPSP.19 However, increased sensation at the affected side was 
observed for multiple modalities across multiple body sites, was observed also in the 
NoPSSP group and the presence of increased sensation at t0 was correlated to the presence 
of increased sensation at t1 and t2. Moreover, reduced cold pain tolerance at the unaffected 
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side is suggestive of a role for central pain mechanisms. This may implicate that 
somatosensory sensitization occurred centrally rather than peripherally. As has been 
suggested for other types of persistent pain, central somatosensory sensitization prior to 
(i.e. due to the brain lesion itself or due to pre-morbid conditions) or during actual tissue 
damage could have contributed to the perpetuation of pain in patients with PSSP. 17,57 
 
Endogenous inhibitory functions 

CPM48,52 has previously been shown to be impaired in several types of chronic pain, such as 
fibromyalgia20, osteoarthritis21 and whiplash17, and may predict the development of chronic 
pain.17,57 In previous cross-sectional studies of pain-free stroke patients with thalamic or 
cortical lesions7, patients with central post-stroke pain46 and patients with pPSSP (average 
PSSP duration 19 months)37, CPM has been shown to be similar to controls, although these 
studies have not yet been replicated. CPM has not previously been assessed in relation to 
the development of PSSP during the first 6 months after stroke. 
In the present study, CPM appeared to be reduced in patients with pPSSP as compared to 
pain-free controls, but this difference was not significant. Moreover, the interpretation of 
the present results is complicated by the small sample size and by the possible influence of 
differences between groups in the timing and intensity of the conditioning stimulus31. 
Moreover, differences between groups in age9,51 and gender13 may have influenced the 
effect of CPM. CPM should therefore be re-assessed in a larger study. 
 

Methodological considerations 

Although many patients were assessed for eligibility, the number of patients included in this 
study was relatively small. By using a strict selection of patients we aimed to minimize the 
influence of many potential confounders, including premorbid pain complaints, other 
neurological or musculoskeletal diseases, cognitive deficits and bilateral stroke symptoms. 
As such, the homogeneity of the studied sample was considered more important than the 
statistical power or generalizability to other patients with stroke.  
This study was explorative in nature and multiple test modalities and body sites were 
assessed. We therefore only statistically analyzed continuous data and data showing a risk 
difference of at least 30%. Ideally, the present results should be replicated in a larger 
sample. 
Lastly, a follow-up period of more than 6 months would have provided more information 
about the long-term evolution of pPSSP and associated somatosensory symptoms and signs. 
Therefore, a minimum follow-up period of at least 1 year is recommended for future 
studies. 
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Conclusions 

Despite the explorative nature of this prospective cohort study, the results are relevant for 
the clinical as well as the experimental approach to (p)PSSP. Notably, this study, for the first 
time, showed that pPSSP in the first 6 months after stroke was associated with both 
somatosensory loss as well as with signs indicative of somatosensory sensitization. 
Somatosensory loss may have contributed to pPSSP initiation due to an increased risk of 
(repetitive micro-) trauma at the shoulder joint. The mechanisms underlying 
somatosensory sensitization remain unclear, but seem to occur at the level of the central 
nervous system. Central somatosensory sensitization prior to or during actual tissue 
damage may have contributed to the perpetuation of pain in patients with PSSP. 
The monitoring of somatosensory abnormalities is important for a better understanding of 
the mechanisms underlying PSSP. Detailed assessment should, therefore, not be limited to 
those patients suspected of having central pain, but should be performed in all patients 
presenting with pain after stroke.36 In addition to the current interventions for PSSP which 
are primarily aimed at the shoulder, prevention and treatment might be improved by 
addressing abnormal central somatosensory processing. Several non-pharmacological 
interventions have proven to be effective in the normalization of abnormal central 
somatosensory and motor processing in patients with pain and movement disorders, 
including electrical stimulation,34,55 mirror therapy and mental imagery.1,10 In addition, 
pharmacological interventions (e.g. anti-depressants and anti-convulsants) might reduce 
central somatosensory sensitization.19 The preventive and/or therapeutic effects of such 
interventions for PSSP should be explored in future studies. 
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Appendix 7.1 Exclusion criteria. 
 

Exclusion criteria n 
Stroke Recurrent 82 
 Brain stem/cerebellum 22 
 Bilateral 2 
 Onset >14 days prior to participation 7 
 No motor or somatosensory symptoms 37 
Medical Complications (e.g. coma, infections, combination of exclusion criteria) 36 
 Trauma 4 
 Cancer 4 
 Alcohol abuse 2 
 Upper extremity fracture/prosthesis 5 

 
Signs of any possible concomitant neurological condition affecting the central or 
the peripheral nervous system (including diabetic polyneuropathy) 

13 

 Pre-morbid psychiatric disorders 4 
 Pre-morbid cognitive disorders 10 

 
Concomitant diseases affecting the regions of somatosensory examination (face, 
lateral upper arms, back of the hands, front sides of the lower leg) 

12 

Pain  
Pre-morbid pain complaints, either severe and/or affecting the contralesional 
upperextremity 

20 

Other Discharge within the first 3 days after stroke 11 
 No adequate response to closed (yes/no) questions 10 
 Total excluded 281 
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Appendix 7.2 Flowchart of patient inclusion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PSSP: post-stroke shoulder pain. Definitions: pPSSP: pain at both t1 and t2; NoPSSP: pain neither at t1 nor 
at t2. 

357 stroke patients 
screened 

76 patients 

Exclusion criteria (n=281) 

37 informed consent 

Refused (n = 24) 
Severe cognitive dysfunction (n = 3) 
Discharged (n = 3) 
Too ill (n = 2) 
Shoulder trauma (n=1) 
Shoulder surgery (n=1) 
Polyneuropathy (n=1) 
Brain stem infarction (n=1) 
Chronic pain (n=1) 
Other (n = 2) 

t0: Baseline 
N = 37 

t1: 3 months  
N = 34 

t2: 6 months 
N = 34 

Lost to follow-up: 
Too ill (n=2) 
Refused (n=1) 

NoPSSP 
n = 22 

pPSSP 
n = 9 

Excluded from analysis: 
PSSP recovery after t1 (n=2) 
Pure CPSP (n=1) 
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Appendix 7.3 Self-reported somatosensory symptoms, number of subjects (%). 
 

 
 
Appendix 7.4 Evoked allodynia/dysesthesia and paresthesia at the affected side, number of subjects (%). 
 

    t0 t1 t2 

    
pPSSP 
(n=9) 

NoPSSP 
(n=21) 

pPSSP 
(n=9) 

NoPSSP 
(n=22) 

pPSSP 
(n=9) 

NoPSSP 
(n=22) 

Arm        
 T all/dys 0 (0) 1 (5) 0 (0) 0 (0) 0 (0) 0 (0) 
 par 0 (0) 0 (0) 1 (11) 0 (0) 2 (22) 1 (5) 
 C all/dys 0 (0) 0 (0) 0 (0) 1 (5) 1 (11) 0 (0) 
 par 0 (0) 0 (0) 1 (11) 0 (0) 0 (0) 1 (5) 
 S all/dys 0 (0) 1 (5) 0 (0) 0 (0) 0 (0) 1 (5) 
 par 0 (0) 0 (0) 1 (11) 0 (0) 1 (11) 0 (0) 
Hand        
 T all/dys 0 (0) 1 (5) 0 (0) 0 (0) 0 (0) 0 (0) 
 par 0 (0) 1 (5) 1 (11) 0 (0) 2 (22) 1 (5) 
 C all/dys 0 (0) 0 (0) 0 (0) 1 (5) 1 (11) 0 (0) 
 par 0 (0) 0 (0) 1 (11) 0 (0) 0 (0) 1 (5) 
 S all/dys 0 (0) 1 (5) 0 (0) 0 (0) 0 (0) 1 (5) 
 par 0 (0) 0 (0) 1 (11) 0 (0) 1 (11) 0 (0) 
Face        
 T all/dys 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
 par 0 (0) 1 (5) 0 (0) 0 (0) 2 (22) 1 (5) 
 C all/dys 0 (0) 0 (0) 0 (0) 0 (0) 1 (11) 0 (0) 
 par 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
 S all/dys 0 (0) 1 (5) 0 (0) 0 (0) 0 (0) 0 (0) 
  par 0 (0) 0 (0) 0 (0) 0 (0) 2 (22) 0 (0) 

 
T: touch; C: cold; S: sharpness; all: evoked allodynia; dys: evoked dysesthesia; par: evoked paresthesia.

  t0 t1 t2 

  
pPSSP 
(n=9) 

NoPSSP 
(n=21) 

pPSSP 
(n=9) 

NoPSSP 
(n=21) 

pPSSP 
(n=9) 

NoPSSP 
(n=21) 

Dysesthesia 1 (11) 6 (29) 3 (33) 7 (32) 2 (22) 8 (36) 
   spontaneous 1 (11) 5 (24) 1 (11) 5 (23) 2 (22) 6 (27) 
   evoked 0 (0) 1 (5) 3 (33) 2 (9) 0 (0) 3 (14) 
Paresthesia 3 (33) 4 (19) 1 (11) 5 (23) 0 (0) 7 (32) 
   spontaneous 2 (22) 4 (19) 1 (11) 5 (23) 0 (0) 6 (27) 
   evoked 1 (11) 0 (0) 0 (0) 1 (5) 0 (0) 1 (5) 
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Introduction 

Traditionally, post-stroke shoulder pain (PSSP) has been related to biomechanical 
abnormalities within the shoulder joint. Subsequently, the methods used for the 
assessment, prevention and treatment of PSSP are focused on nociceptive causes. However, 
despite active prevention and treatment strategies, a substantial number of stroke patients 
develop persistent PSSP and treatment results are generally disappointing.33 Moreover, the 
clinical presentations of PSSP and other types of post-stroke pain (i.e. central post-stroke 
pain and shoulder-hand syndrome) may show considerable overlap.28 In addition to the 
uncertainties regarding the causes of PSSP, this hampers the classification and subsequent 
treatment of patients with post-stroke pain.  
The prevention and treatment of PSSP may be improved by targeting the 
neurophysiological mechanisms responsible for the development of PSSP. Therefore, more 
knowledge is needed about the pathophysiology underlying PSSP, which requires other 
study designs and assessment methods than usually described in the literature. 
In this thesis, novel steps towards a mechanism-based view on PSSP have been described. 
The primary objective of the thesis was to obtain a better understanding of the 
pathophysiology underlying the development of persistent PSSP (pPSSP). Several “pain 
research tools” have been introduced in part I (Chapter 2) and have subsequently been used 
to compare somatosensory functions between patients with pPSSP and pain-free stroke 
patients or healthy controls in parts II and III of the thesis (Chapters 3 to 8). These tools 
included pain questionnaires such as the neuropathic pain diagnostic questionnaire (DN4)7, 
extensive clinical neurological examination, quantitative sensory testing (QST), conditioned 
pain modulation (CPM) and, more experimentally, the recording of cortical evoked 
potentials (EPs).  
 
Somatosensory abnormalities in pPSSP  

In the presented studies, pPSSP was associated with somatosensory loss, consistent with 
previous studies.19,20,23,33,38 In addition, an association between pPSSP and signs suggestive 
of somatosensory sensitization could be established. Notably, pPSSP was associated with 
somatosensory abnormalities at both the affected and unaffected side involving multiple 
modalities, including electrical and noxious stimuli. Moreover, the associations between 
pPSSP and somatosensory abnormalities depended on the time of assessment, indicating 
that as PSSP continues to be present, central somatosensory sensitization may play an 
increasingly important role.  
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Somatosensory loss 

In Chapter 3, patients with pPSSP were compared to pain-free stroke patients and healthy 
controls. pPSSP was associated with a reduced sensation of tactile, cold and electrical 
stimuli and with reduced proprioception at the affected side.46 Besides being more frequent, 
somatosensory loss at the affected side for stimuli in the innocuous range was more severe 
in patients with pPSSP, as QST thresholds were much higher than in pain-free stroke 
patients or healthy controls. Moreover, pPSSP was associated with reduced tactile sensation 
at the unaffected side. Longitudinal assessment during the course of pPSSP development 
showed a similar picture. In Chapters 6 and 7, somatosensory abnormalities were assessed 
within 2 weeks (t0), at 3 months (t1) and at 6 months (t2) after stroke.45,47 The 
development of pPSSP in the first 6 months after stroke was associated with diminished 
sensation for proprioception (t0, t1), touch (t1) and sharpness (t2) and with increased QST 
threshold ratios (TDT, EST, EPT, EPTT, PPT), all indicative of somatosensory loss. In 
addition to these clinical findings, the association between pPSSP and somatosensory loss 
could also be demonstrated in the cortical processing of somatosensory stimuli. In Chapter 
4, all included stroke patients had reduced EP amplitudes (N150, P300) and increased EP 
latencies (N90, N150, P300) in response to stimulation at both the affected and unaffected 
side.44 In addition, PSSP was associated with increased P200 and N150-P200 peak-to-peak 
latencies after stimulation at both sides. 
Somatosensory loss at the affected side is likely to be directly related to the brain lesion. 
Indeed, PSSP has been associated with more extensive brain lesions.2 However, the loss of 
sensation found at the unaffected side (Chapter 3) and the bilateral alterations in cortical 
somatosensory processing (Chapter 4) may be related to both the brain lesion as well as to 
the central effects of chronic pain.11 Somatosensory loss at the affected side may have 
contributed to the initiation of pPSSP by increasing the risk of (repetitive) micro-trauma of 
soft tissues around the shoulder joint, which would be consistent with the  “trauma-
hypothesis”.56 In addition, somatosensory loss may increase the risk of further abnormal 
somatosensory processing at spinal and supra-spinal levels.28,34  
 
Somatosensory sensitization 

In addition to somatosensory loss, pPSSP was also associated with signs indicative of 
somatosensory sensitization. In Chapter 3, signs included increased cold and sharpness 
sensation, tactile, cold and sharpness allodynia, and blunt pressure hyperalgesia at the 
affected side and reduced cold pain tolerance and blunt pressure pain hyperalgesia at the 
unaffected side.46 In contrast, cortical EPs were not indicative of central somatosensory 
hyperexcitability (Chapter 4).44 However, in the patients with pPSSP that could be included 
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in the EP study, the incidence of clinical signs of central hyperexcitability (allodynia, 
generalized hyperalgesia) was generally low. In addition, ongoing cortical hyperexcitability 
after stroke may be masked by loss of somatosensory function and/or loss of attentional 
capabilities.57 In Chapters 6 and 7, pPSSP was mainly associated with increased sensation to 
cold (t1) at the affected side.45,47 Moreover, all the patients with pPSSP reporting increased 
sensation to cold or sharpness at the affected upper arm at t2 also reported increased 
sensation to cold or sharpness at t1. In addition, pPSSP was associated with reduced cold 
pain tolerance at the unaffected side. Yet, pPSSP was not associated with other signs of 
somatosensory sensitization, such as allodynia or hyperalgesia.  
In previous studies, the only sign indicative of somatosensory sensitization that has been 
reported in patients with PSSP was sharpness allodynia (punctate hyperalgesia).63 
Generally, allodynia to touch or cold is considered to be a supportive factor for the diagnosis 
of central post-stroke pain.8,28,35 Increased sensation, allodynia and hyperalgesia may be 
related to peripheral and/or to central somatosensory sensitization, or to a loss of 
endogenous inhibition.5,10,25,27,29,41,50,62 Whether central somatosensory sensitization in 
patients with pPSSP was due to the direct or indirect effects of prolonged nociception, to the 
brain lesion itself or to other (predisposing) factors remains uncertain. 
 
Differentiating between neuropathic and nociceptive pPSSP 

By showing that different somatosensory abnormalities are associated with pPSSP, the 
question rises whether patients can be classified into subtypes on the basis of such 
abnormalities. From a clinical perspective, especially the identification of pPSSP of 
predominantly neuropathic origin, as opposed to other (e.g. nociceptive) etiologies, is 
relevant for prognosis and treatment.  
Chapter 5 explored whether the DN47 could be used for such purpose.48 The chronic stroke 
patients with pPSSP described in Chapter 3 (n = 19) were classified into subgroups of pPSSP 
of predominantly neuropathic or nociceptive origin using the DN4. Subsequently, these 
subgroups were compared regarding well known symptoms and signs suggestive of either 
neuropathic or nociceptive pain.  
Subgroups differed regarding several symptoms and signs. pPSSP of predominantly 
neuropathic origin was associated with a higher frequency of somatosensory abnormalities 
(including impaired spino-thalamo-cortical tract function), spontaneous (constant) pain and 
a trend towards reduced thresholds for pain at the unaffected side, suggestive of central 
sensitization.6,28,63 In contrast, pain attacks primarily related to movement were only 
reported by patients classified as having pPSSP of predominantly nociceptive origin.20  
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Although the DN4 could be used to classify PSSP subgroups that differed with respect to 
pain complaints and somatosensory abnormalities, the pathophysiological mechanisms 
remained unclear. Moreover, none of the somatosensory signs could be exclusively related 
to either of the PSSP subgroups. The classification of PSSP subtypes using the DN4 should, 
therefore, not be the sole basis for PSSP prognosis and treatment. Nonetheless, the 
diagnostic work-up of PSSP should involve a thorough assessment of both nociceptive and 
neuropathic pain complaints and somatosensory functions, for which the DN4 may be a 
useful standard. 
 
Other determinants of persistent post-stroke shoulder pain 

By assessing somatosensory abnormalities, the possible mechanisms (nociceptive, 
neuropathic, other) of facilitated nociceptive transmission were explored. However, also 
motor, cognitive, emotional and autonomic functions have been related to pPSSP and may 
be related to somatosensory functions.13,30,55  
Previous longitudinal studies have related several clinical determinants to the initiation of 
PSSP in the acute and subacute phases after stroke, but without reference to the onset of 
pain post stroke nor to the duration of the pain episode. Moreover, most studies did not 
include3 or did not report23,33,54 on follow-up assessments. Although cross-sectional 
analyses, like Chapter 3 in this thesis, provide some insight, the causal inference remains 
insufficient.  
In the longitudinal studies presented in this thesis (Chapters 6 and 7), pPSSP in the first 6 
months after stroke was associated with impaired voluntary motor control (t0, t1, t2), 
diminished proprioception (t0, t1), tactile extinction (t1), abnormal sensation (t1, t2), 
spasticity of the elbow flexor muscles (t1, t2), restricted range of motion (ROM) for both 
shoulder abduction (t2) and shoulder external rotation (t1, t2), trophic changes (t1) and 
non-insulin-dependent diabetes mellitus (t0).45,47 
Consistent with previous studies, these findings suggest that impairments of motor and 
somatosensory functions within the first 2 weeks after stroke onset might be considered as 
relevant initiating factors of PSSP. These findings are consistent with the “trauma-
hypothesis”, which postulates that shoulder pain is initiated by (repetitive) micro-trauma of 
soft tissues around the shoulder joint due to impaired active motor control, impaired 
perception of (minor) injury and/or hemineglect.56 In addition, pre-morbid metabolic 
alterations associated with diabetes mellitus may even further increase the risk of shoulder 
pathology after stroke.4  
Several determinants were associated with pPSSP at all time points after stroke. Six months 
after stroke, however, the presence of pPSSP appeared to be more strongly associated with 
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restricted ROM for shoulder abduction and elbow flexion than with impaired voluntary 
motor control, spasticity or diminished proprioception. Together with the findings in 
Chapter 3, this suggests that the influence of the presumed initiating factors may gradually 
decrease during the persistence of PSSP and that pain perpetuation may be related to a 
vicious circle of pain, limited range of motion, re-injury and somatosensory sensitization. 
 
Towards a new view on PSSP 

In Chapter 2 a theoretical framework of possible PSSP mechanisms was proposed which 
formed the basis of all following studies in this thesis. In contrast to other models,38 this 
framework argues that, regardless of the precise combination of possible bio-psycho-social 
factors that may be related to PSSP development, PSSP is ultimately the final consequence of 
facilitated nociceptive transmission. Moreover, although pain may be localized to one region 
of the body, the mechanisms causing pain may occur at any level of the somatosensory 
neuro-axis.36 In this view, the mechanisms underlying PSSP may be related to the direct and 
indirect effects of prolonged nociception within the shoulder, to the brain lesion itself, but 
also to other (pre-morbid) factors that may influence the processing of somatosensory 
information. Importantly, the mechanisms responsible for pain initiation may be different 
than those responsible for pain perpetuation.  
The cross-sectional and longitudinal studies presented in this thesis have, for the first time, 
performed an in depth assessment of the somatosensory abnormalities and pain complaints 
associated with pPSSP. In addition, by specifically defining the duration of pPSSP in the 
longitudinal studies (Chapters 6 and 7), an attempt was made to explore the temporal and 
causal relations between PSSP and its clinical determinants, distinguishing between 
initiating and perpetuating factors.45,47 For the first time, clear associations have been 
demonstrated between pPSSP and signs suggestive of somatosensory sensitization 
(Chapters 3 and 5).46,48 Moreover, it was shown that the influence of the presumed initiating 
factors may gradually decrease during the persistence of PSSP. Notably, pain perpetuation 
may be related to a vicious circle of pain, limited range of motion, re-injury and 
somatosensory sensitization which seemed to establish itself quite rapidly (i.e. within 3 
months after PSSP onset) and may persist into the chronic phase after stroke. The precise 
mechanisms underlying the observed somatosensory sensitization remain unclear, although 
pain is not likely to be initiated by central somatosensory sensitization due to the brain 
lesion itself. As has been suggested for other types of persistent pain,26,65 central 
sensitization prior to or during actual tissue damage may have contributed to the 
perpetuation of pain in patients with pPSSP. These results shed a new light on the presumed 
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pathophysiology of PSSP and, therefore, have important implications for the clinical 
approach to pPSSP assessment, prevention and treatment. 
 
Clinical implications  

The multi-factorial etiology of PSSP and its distinction from central post-stroke pain and 
shoulder-hand syndrome necessitates careful clinical assessment beyond the examination 
of the shoulder alone, including motor (active and passive), somatosensory, cognitive, 
emotional and autonomic functions. Regarding the assessment of somatosensory 
abnormalities, the use of “pain research tools”, such as QST and CPM seems important since 
these may establish the presence of peripheral and/or central sensitization by quantifying 
sensory changes on both the affected and unaffected body side and by assessing supraspinal 
inhibitory functions. The use of these tools should be promoted in order to better 
understand the pain mechanisms involved in individual stroke patients. The assessment of 
the ipsilesional (unaffected) side appears specifically important, as it may reveal the 
involvement of central (pain) mechanisms. When clinical examination is the only tool 
available, assessment should at least involve multi-modal stimuli and should be as 
standardized as possible.61 
Based on the findings in this thesis, the prevention of (repetitive) (micro-)trauma at the 
shoulder should be a priority in all phases of stroke rehabilitation and should be part of the 
education of both the patients and their caregivers. In contrast to the current approach to 
PSSP, which mostly involves unidimensional interventions primarily aimed at the shoulder 
joint, (preventive) interventions should be multidimensional focusing on maintaining and 
restoring passive pain-free range of joint motion, reducing spasticity, improving active 
motor control and preventing somatosensory sensitization.  
Notably, since somatosensory sensitization may be due to prolonged nociception, to the 
brain lesion itself, or other (premorbid) factors such as depression, a broad spectrum of 
interventions may prove to be useful for a “normalization” of somatosensory abnormalities. 
A direct approach, specifically targeting somatosensory sensitization, is pharmacological 
intervention (i.e. anti-depressants and anti-convulsants).28 However, the preventive actions 
of these drugs in post-stroke pain are uncertain,60 and these drugs may have many adverse 
side-effects. A recent systematic Cochrane review summarized interventions targeting 
somatosensory impairments after stroke.14 The authors concluded that “while there is 
insufficient evidence to reach conclusions about the effects of interventions […], 3 studies 
provided preliminary evidence for the effects of some specific interventions, including 
mirror therapy for improving the detection of light touch, pressure and temperature pain; a 
thermal stimulation intervention for improving rate of recovery of tactile sensation; and 
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intermittent pneumatic compression intervention for improving tactile and kinesthetic 
sensation”.14 Interestingly, mirror therapy and (motor) imagery, have also proven to be 
beneficial for the reduction of pain and somatosensory abnormalities in patients with other 
pain syndromes, including complex regional pain syndrome type 1 and phantom limb 
pain.1,18 In addition, they may improve motor function after stroke.37 Amongst others, the 
effects of mirror therapy and motor imagery have been attributed to a normalization of 
functional (and spatial) brain activation. Both interventions can be considered as complex 
interventions targeting different levels of functions (e.g. motor, somatosensory, cognitive-
evaluative). Indeed, also other treatment strategies that intervene at various levels 
simultaneously, such as neuromuscular electrical stimulation, may be effective.9,16,17,42,49,64 
Yet, the preventive and/or therapeutic effects of these interventions for PSSP need to be 
further substantiated by future studies. 
 
Methodological considerations 

Being the first with such a rigorously different approach to PSSP, it is inevitable to 
experience some study limitations. The number of subjects included in the studies 
described in this thesis was relatively small, although, especially in part III (Chapters 6 and 
7), a large number of patients (n = 357) was assessed for eligibility. Nonetheless, by using a 
strict selection of patients the influence of many potential confounders such as pre-morbid 
pain complaints, other neurological or musculoskeletal diseases, cognitive deficits and 
bilateral stroke symptoms was minimized, resulting in a relatively homogenous sample of 
stroke patients. As such, the internal validity of temporal and possibly causal relationships 
was considered more important than the generalizability to all patients with stroke. 
Although in the studies presented in part II (Chapters 3-5), age, gender, trophic changes and 
depression scores could be ruled out as possible confounders, possible confounders could 
not be controlled for in part III (Chapters 6 and 7). These latter results should, therefore, be 
interpreted with caution. 
The methods applied in this thesis are not commonly used in PSSP research, so studies were 
mostly of an explorative nature. Although the intention was to explore possible 
neurophysiological mechanisms underlying the development of pPSSP, the applied 
measurement tools allowed only an indirect judgment of pain mechanisms. Moreover, 
measurements were mostly reliant on subjective assessments of somatosensory 
abnormalities. Nevertheless, the combination of clinical examination, QST and CPM allowed 
extensive assessment of both the presence as well as the severity of somatosensory 
abnormalities on both the affected and unaffected sides, which could then be compared to 
findings obtained from experimental human and animal pain models. 
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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 rather than 
during the conditioning stimulus. We standardized the cold pressor pain using self-reported 
pain intensities. Possibly, standardization using a fixed immersion time or assessment 
during the cold pressor test would have given different outcomes. Yet, the literature is 
inconsistent regarding the relation between the intensity of the conditioning stimulus and 
the magnitude of CPM.40 Moreover, subjects may or may not adapt to tonic painful cold 
stimuli, involving a different timing of pain perception over the course of immersion.39  
Lastly, in part III, patients were followed up until 6 months after stroke onset, yielding a 
pPSSP duration of merely 3 to 6 months, whereas in part II, the average time to stroke onset 
was 22 months and the average duration of pPSSP was 19 months. A longer follow-up in 
part III would have provided more information about the long-term evolution of pPSSP, 
specifically in relation to somatosensory sensitization. A longer follow-up might also have 
reduced some of the discrepancies between the results of parts II and III. 
 
Conclusions and directions for future research 

The findings in this thesis confirm the multi-factorial etiology of pPSSP and show that the 
factors responsible for the initiation of PSSP are likely to be different from the factors 
responsible for the perpetuation of PSSP. In addition, the role of abnormal somatosensory 
processing in PSSP maintenance may be much more prominent than previously assumed 
and may explain why treatment aimed at reducing peripheral nociception is generally 
unsatisfactory. Ongoing nociception, the brain lesion itself, and other (premorbid) factors 
may contribute to the development of pPSSP and, although the precise neurophysiological 
mechanisms still remain unclear, the findings reported in this thesis have important 
implications for the clinical as well as for the scientific approach to PSSP. 
Different aspects of PSSP should be addressed in future studies. Ideally, the diagnostic 
work-up of PSSP involves a thorough assessment of both nociceptive and neuropathic pain 
complaints (e.g. using the DN4) and somatosensory functions, similar as described for 
central post-stroke pain.28 This may help to further identify markers of nociceptive and 
neuropathic pain mechanisms in PSSP which could lead to the development of a (set of) 
tool(s) that specifically deal(s) with classifying pain in the post-stroke pain population. 
Somatosensory assessment may be performed more objectively. For example, using the 
nociceptive flexion reflex53 to assess spinal somatosensory excitability and functional15,22,52 
or structural24 magnetic resonance imaging to assess cortical somatosensory function. In 
addition, the use of other subjective tests may further characterize somatosensory 
abnormalities, such as thermal QST, supra-threshold stimulation, wind-up and ischemia-
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induced CPM.43,59 However, in all protocols, a balanced decision should be made considering 
feasibility and reliability and the burden for the individual patient. 
The relationship between pain, somatosensory abnormalities, pain mechanisms and other 
clinical functions may be further explored in intervention studies. In the early phase after 
stroke, it is important that patients are first distinguished based on presumed 
pathophysiology (e.g. nociceptive/neuropathic, spasticity/inflammation) of PSSP after 
which these relatively homogenous groups may be randomized to a targeted treatment or 
control condition. For example, in patients with PSSP in which a neuropathic component is 
suspected, the treatment condition could be an anti-depressant and the control condition a 
corticosteroid injection. Likewise, in patients with PSSP presenting with hypertonicity and a 
reduced passive pain-free range of motion, botulinum toxin injections may be used as the 
treatment condition and corticosteroid injections as the control condition. Notably, this 
view differs from the approach of a previous randomized control trial by Lim and colleagues 
in which similar interventions were used, but in which all patients with a reduced range of 
passive joint motion were included, regardless of the (presumed) underlying 
pathophysiology.32 
When PSSP is persistent, no single intervention is expected to provide sufficient pain relief. 
Classifications and interventions for (sub)acute PSSP may no longer be appropriate. This 
requires new classifications (e.g. the presence or absence of central sensitization) and 
different interventions. Since the mechanisms underlying pPSSP may be complex, involving 
multiple levels of functions, multidimensional interventions (e.g. neuromuscular electrical 
stimulation or mirror therapy) may be expected to be specifically effective. 
The effectiveness of new interventions, either multidimensional or specifically targeting 
somatosensory abnormalities should be evaluated. Because such interventions may also be 
effective for other types of post-stroke pain, these studies might include patients with PSSP 
as well as patients with post-stroke complex regional pain syndrome (shoulder-hand 
syndrome) or central post-stroke pain. In this way, the differences and similarities between 
these groups of patients can be studied based on their response to treatment.  
In longitudinal studies with sufficient sample size, a comparison should be made between 
the clinical functions of stroke patients who develop persistent PSSP versus stroke patients 
who recover from PSSP spontaneously or with the help of treatment. For this purpose, a 
follow-up period of at least 1 year is recommended. 
Lastly, to better understand the mechanisms underlying PSSP, it may prove to be of 
importance to know the relationship between pain, clinical functions and (pain) behaviors. 
For example, although the initiation of PSSP has been related to impaired motor function, 
both patients with severely impaired and those with mildly impaired motor functions may 
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develop PSSP, depending on the behavior of the individual patient. In addition, both over-
use and non-use of a relatively mildly affected arm may predispose to PSSP.21,58 Future 
studies should, therefore, also consider the assessment of pain and functional behaviors in 
patients with PSSP, either by using questionnaires,12 or by recording movement patterns of 
the affected upper extremity in daily life situations.31,51 
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Persistent shoulder pain after stroke 

The most commonly reported type of pain after stroke is post-stroke shoulder pain (PSSP), 
also named hemiplegic shoulder pain. Traditionally, PSSP is regarded as nociceptive pain 
resulting from tissue damage due to biomechanical changes around the shoulder joint. PSSP 
treatment mostly focuses at reducing biomechanical stressors or inflammation, including 
normalization of muscle tone, reduction of glenohumeral subluxation and/or treatment of 
the shoulder capsule. However, pain relief is often unsatisfactory, leading to a considerable 
number of patients with persistent pain. In order to improve the prevention and treatment 
of PSSP, a better understanding of the neurophysiological mechanisms underlying its 
development and maintenance is needed. This demands a broadening of the traditional 
view on and assessment of PSSP as being a type of biomechanical nociceptive pain. This 
thesis adopts a mechanism-based approach to the research of PSSP development. The 
primary objective of the thesis is to obtain a better understanding of the pathophysiological 
mechanisms responsible for the development of persistent PSSP (pPSSP). 
 

The body of this thesis consists of 3 parts and includes a scientific intermezzo between part 
II and III. The first part is entitled ‘A mechanism-based view on post-stroke shoulder pain’ 
(Chapter 2). It introduces the terminology and the neurophysiological concepts of pain and 
describes a theoretical framework for a mechanism-based approach to PSSP.  
The second part ‘Cross-sectional studies of persistent PSSP’ comprises 3 cross-sectional 
studies that were undertaken to test the usability of pain research tools for the assessment 
of pPSSP such as quantitative sensory testing and conditioned pain modulation (Chapter 3), 
cortical evoked potentials (Chapter 4), and the neuropathic pain diagnostic questionnaire 
(Chapter 5). Moreover, the outcome of these studies is interpreted in the light of possible 
neurophysiological pain mechanisms underlying pPSSP.  
The intermezzo is entitled ‘An ongoing debate on post-stroke pain classification’. It reflects a 
scientific discussion about a grading system for CPSP and discusses its implications for the 
clinical approach to PSSP. 
The third part ‘Follow-up studies on the development of persistent PSSP’ focuses on the 
longitudinal assessment of pPSSP within 2 weeks, at 3 months and at 6 months after stroke. 
Chapter 6 focuses on the complete clinical picture of somatosensory, motor, cognitive, 
emotional and autonomic functions associated with the development of pPSSP during the 
first 6 months after stroke. Chapter 7 further addresses possible pain mechanisms 
underlying the development of pPSSP by describing the relationship between pPSSP and 
somatosensory loss, somatosensory sensitization and endogenous pain inhibition in the 
first 6 months after stroke using “pain research tools”.  
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In the last chapter of this thesis (Chapter 8) the results described in the previous chapters 
are discussed and used to update the current knowledge on PSSP development. The 
implications for clinical practice are discussed, leading to the main conclusions of this thesis 
with some suggestions for future research. Here, a summary is presented of parts I, II and 
III. 
 
Part I: A mechanism-based view on post-stroke shoulder pain 

Chapter 2 presents a theoretical framework for possible PSSP mechanisms and their 
assessment based on key concepts applied in pain research. This theoretical framework 
argues that, although pain may be localized in one region of the body, the mechanisms 
causing pain may occur at any level of the somatosensory neuro-axis. Detailed assessment 
of pain complaints and somatosensory abnormalities should, therefore, be a key element in 
PSSP research. However, so far, somatosensory assessment in patients with PSSP has been 
limited to clinical examination. Studies aiming to further characterize somatosensory 
functions in patients with PSSP (initially) need to take a broad methodological approach 
including both clinical as well as more experimental pain research tools, such as 
quantitative sensory testing, conditioned pain modulation and the assessment of cortical 
somatosensory processing. 
 
Part II: Cross-sectional studies of persistent PSSP 

Chapter 3 describes a study in which somatosensory abnormalities were assessed in 
chronic stroke patients with pPSSP (n=19), pain-free stroke patients (n=29) and healthy 
controls (n=23), using clinical examination and electrical and mechanical quantitative 
sensory testing (QST). In addition, conditioned pain modulation (CPM) was assessed 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 positive 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 pPSSP 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 
prolonged nociception as well as to the brain lesion itself, prospective studies are 
warranted. Prevention and treatment of PSSP could benefit from a more detailed analysis of 
both peripheral and central pain mechanisms. 
Chapter 4 describes an explorative study that addresses the possible changes in cortical 
somatosensory processing in patients with pPSSP. Cortical potentials were recorded 
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following intracutaneous electrostimulaton in stroke patients with pPSSP (n=6), pain-free 
stroke patients (PF, n=14) and healthy controls (HC, n=20) using electroencephalography 
(EEG). Amplitudes and latencies of both sensory discriminative (N90) as well as cognitive 
evaluative (N150, P200, the N150-P200 peak-to-peak difference, and P300) evoked 
potential components were evaluated. Stroke was associated with reduced N150 and P300 
amplitudes and increased N90, N150 and P300 latencies at both sides. Compared to PF and 
HC, the P200 and N150-P200 latencies were increased in patients with pPSSP after 
stimulation at both sides, even when comparing subgroups with similar lesion size and 
location. Stroke was associated with reduced sensory-discriminative as well as cognitive-
evaluative cortical somatosensory processing. This reduction was more pronounced in 
patients with PSSP and may be related to the central effects of persistent nociceptive pain. 
This study, therefore, warrants further assessment of the central nervous system changes 
associated with (p)PSSP. 
In Chapter 5, the neuropathic pain diagnostic questionnaire (DN4) was used to categorize 
PSSP patients. Patients with pPSSP scoring at least four (DN4+, n = 9) or less than four 
(DN4-, n = 10) on the DN4 were compared on the basis of symptoms and signs suggestive of 
either nociceptive or neuropathic pain. Pain was assessed using a numeric rating scale and 
the McGill pain questionnaire. Somatosensory functions were assessed using clinical 
examination and quantitative sensory testing combined with a cold pressor test. Patients 
classified as DN4+ reported constant pain, higher pain intensity, a higher impact of pain on 
daily living, more frequent loss of cold sensation, reduced QST thresholds at the unaffected 
side and increased QST thresholds at the affected side. Notably, several symptoms and signs 
suggestive of either neuropathic or nociceptive pain corresponded to the subgroups DN4+ 
and DN4-, respectively. However, since the pathophysiological mechanisms remain unclear 
and none of the somatosensory signs could be exclusively related to either DN4+ or DN4-, 
PSSP prognosis and treatment should not be solely based on the DN4. The results of this 
study warrant a thorough assessment of neuropathic and nociceptive pain complaints and 
somatosensory functions in the diagnostic work-up of PSSP as well as in PSSP research. 
 
Part III: Follow-up studies on the development of persistent PSSP 

Chapter 6 identified factors associated with persistent post-stroke shoulder pain (pPSSP) in 
the first 6 months after stroke. Clinical assessment of motor, somatosensory, cognitive, 
emotional and autonomic functions was undertaken within 2 weeks (t0), at 3 months (t1) 
and at 6 months (t2) after stroke. Patients with pPSSP (n = 9) were compared with patients 
without pPSSP (n = 22). Bivariate logistic regression analyses showed that pPSSP was 
significantly associated with impaired voluntary motor control (t0, t1, t2), diminished 
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proprioception (t0, t1), tactile extinction (t1), abnormal sensation (t1, t2), spasticity of the 
elbow flexor muscles (t1, t2), restricted range of motion (ROM) for both shoulder abduction 
(t2) and shoulder external rotation (t1, t2), trophic changes (t1) and non-insulin-dependent 
diabetes mellitus (t0). These findings suggest a multi-factorial etiology of pPSSP. The 
association of pPSSP with restricted passive pain-free ROM and signs indicative of 
somatosensory sensitization may implicate a vicious cycle of repetitive (micro-) trauma 
which can establish itself rapidly after stroke. Intervention should, therefore, be focused on 
maintaining and restoring joint ROM as well as preventing injury and somatosensory 
sensitization. In this perspective, strategies that aim to intervene simultaneously at various 
levels of function can be expected to be more effective than treatment directed at merely 
one level. 
Chapter 7 explored the relationship between the onset of somatosensory symptoms and 
signs and the development of pPSSP in the first 6 months after stroke. Extensive assessment 
of somatosensory signs was performed within 2 weeks (t0), at 3 months (t1) and at 6 
months (t2) after stroke using clinical examination and quantitative sensory testing. 
Supraspinal endogenous inhibitory functions were assessed using a conditioned pain 
modulation paradigm. At the affected side, pPSSP (n = 9) was associated with diminished 
proprioception (t0, t1), with diminished sensation for touch (t1) and sharpness (t2), with 
increased QST threshold ratios (TDT, EST, EPT, EPTT, PPT) and with increased cold 
sensation (t2). At the unaffected side, pPSSP was associated with reduced cold pain 
tolerance thresholds (t1). In patients with pPSSP reporting increased sensation at the 
affected side, multiple body sites across multiple stimulus modalities were involved and 
increased sensation persisted from t1 to t2. Conditioned pain modulation was not different 
from patients without pPSSP (n = 22). Pain complaints were most often suggestive of 
nociceptive pain, and the relationship between pPSSP and somatosensory loss was 
consistent with the ‘trauma-hypothesis’. The relationship between pPSSP and increased 
sensation, indicative of somatosensory sensitization, during the first 6 months after stroke, 
has not been reported before. Since somatosensory sensitization may contribute to the 
perpetuation of pPSSP and also occurs in patients with central post-stroke pain, it is 
important to extensively monitor somatosensory abnormalities in all phases after stroke. 
 
In conclusion, the studies presented in this thesis confirm the multi-factorial etiology of 
pPSSP and show that the factors responsible for the initiation of PSSP are likely to be 
different from the factors responsible for the perpetuation of PSSP. In addition, the role of 
abnormal somatosensory processing in PSSP maintenance may be much more prominent 
than previously assumed and may explain why treatment aimed at reducing peripheral 
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nociception is generally unsatisfactory. Ongoing nociception, the brain lesion itself, and 
other (premorbid) factors may contribute to the development of pPSSP. Although the 
precise neurophysiological mechanisms still remain unclear, these findings have important 
implications for the assessment, prevention and treatment of PSSP. 
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Chronische schouderpijn na een beroerte 

De meest voorkomende vorm van pijn na een beroerte (CVA) is hemiplegische schouderpijn 
(HSP). Traditioneel wordt HSP gezien als een nociceptieve pijn die voortkomt uit 
weefselschade ten gevolge van biomechanische veranderingen in het schoudergewricht. De 
behandeling van HSP richt zich vooral op het verminderen van biomechanische stressoren 
en/of ontstekingsreacties in het schoudergewricht, bijvoorbeeld door het normaliseren van 
de spiertonus, het verminderen van glenohumerale subluxatie en/of behandeling van het 
schouderkapsel. Echter, de behandeling van pijn is vaak suboptimaal en veel patiënten 
ontwikkelen chronische pijnklachten. Om de preventie en behandeling van HSP te 
verbeteren is meer kennis nodig over de neurofysiologische mechanismen die ten grondslag 
liggen aan de ontwikkeling van HSP. Dit vereist een verbreding van de traditionele klinische 
benadering van HSP als een vorm van nociceptieve pijn. Het doel van het proefschrift is een 
beter begrip te verkrijgen van de pathofysiologische mechanismen die ten grondslag liggen 
aan de ontwikkeling van chronische HSP. 
 
Dit proefschrift bestaat uit 3 delen, met een wetenschappelijk intermezzo tussen deel 2 en 3. 
Het eerste deel introduceert de terminologie en de neurofysiologie van pijn en beschrijft 
een theoretisch kader voor de mechanistische benadering van HSP. 
Het tweede deel bestaat uit 3 cross-sectionele studies waarin de bruikbaarheid van 
methoden uit het pijnonderzoek is onderzocht, zoals het bepalen van gevoelsdrempels en 
het toepassen van conditionerende pijnmodulatie (Hoofdstuk 3), het meten van corticaal 
opgewekte potentialen (Hoofdstuk 4) en het afnemen van een neuropathische 
pijnvragenlijst (Hoofdstuk 5). De uitkomsten van deze studies worden gekoppeld aan 
mogelijke pijn mechanismen. 
Het intermezzo betreft een wetenschappelijke discussie over een classificatiesysteem voor 
centrale pijn na een beroerte en gaat in op de gevolgen van dit classificatiesysteem voor de 
klinische benadering van HSP. 
Het derde deel bestaat uit 2 longitudinale studies waarin is gekeken naar de ontwikkeling 
van chronische HSP. Metingen zijn verricht op 0-2 weken, 3 maanden en 6 maanden na de 
beroerte. Hoofdstuk 6 richt zich op het complete klinische plaatje van sensorische, 
motorische, cognitieve, emotionele en autonome functies en de relaties met de ontwikkeling 
van chronische HSP in de eerste 6 maanden na de beroerte. Hoofdstuk 7 gaat weer dieper in 
op mogelijke pijnmechanismen door de relatie tussen chronische HSP, verlies van 
sensorische functie, overgevoeligheid en endogene pijnmodulatie te onderzoeken, 
In Hoofdstuk 8 worden alle resultaten uit vorige hoofdstukken bediscussieerd en gebruikt 
om de huidige kennis over het ontstaan van HSP bij te stellen. De gevolgen voor de klinische 
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praktijk worden besproken, leidend tot de algemene conclusies en suggesties voor verder 
onderzoek. Hier vindt u een samenvatting van deel 1, 2 en 3. 
 
Deel 1: ‘Een neurofysiologische kijk op HSP’ 

Hoofdstuk 2 beschrijft een mechanistische kijk op het ontstaan en het meten aan HSP op 
basis van kernprincipes uit pijnonderzoek. Hierbij wordt aangenomen dat de mechanismen 
die ten grondslag liggen aan pijn op elk niveau van de somatosensorische as kunnen 
plaatsvinden. Het gedetailleerd uitvragen van pijnklachten en het onderzoeken van 
somatosensorische functies zouden daarom een vast onderdeel moeten zijn in onderzoek 
naar HSP. Echter, tot dusver heeft somatosensorisch onderzoek in patiënten met HSP zich 
beperkt tot enkele klinische neurologische testen. Voor de verdere karakterisering van 
somatosensorische functies in HSP is een bredere methodologische aanpak vereist met 
zowel klinische als meer experimentele methoden uit het pijnonderzoek, zoals het bepalen 
van gevoelsdrempels, het toepassen van conditionerende pijnmodulatie en het meten van 
corticaal opgewekte potentialen. 
 
Deel 2: ‘Cross-sectionele studies naar chronische HSP’ 

Hoofdstuk 3 beschrijft een studie waarin somatosensorische functies zijn onderzocht in CVA 
patiënten met chronische HSP (n=19), in pijn-vrije CVA patiënten (n=29) en in gezonde 
controles (n=23), met behulp van klinische neurologische tests en door het bepalen van 
gevoelsdrempels. Ook is gekeken naar het effect van conditionerende pijnmodulatie op de 
gevoelsdrempels met behulp van een ijswatertest. Somatosensorische functies waren vaker 
en meer aangedaan in CVA patiënten met chronische HSP. Dit betrof zowel gevoelsverlies 
als overgevoeligheid (allodynie, hyperalgesie), aan zowel de aangedane als niet-aangedane 
zijde. Conditionerende pijnmodulatie was niet verschillend tussen groepen. Deze resultaten 
wijzen op een mogelijke rol van sensitizatie en disinhibitie van het somatosensorische 
systeem in CVA patiënten met chronische HSP. Omdat het oorzakelijke verband onduidelijk 
blijft en de resultaten zowel verklaard kunnen worden door langdurige nociceptie als door 
het herseninfarct, zijn longitudinale studies nodig. 
Hoofdstuk 4 beschrijft een verkennend onderzoek naar de corticale verwerking van 
somatosensorische prikkels in CVA patiënten met chronische HSP (n=6), in pijn-vrije CVA 
patiënten (n=14) en in gezonde controles (n=20). Corticale potentialen werden opgewekt 
door middel van electrocutane stimulatie en gemeten met behulp van electroencefaografie 
(EEG). Amplitudes en latentietijden van sensorisch-discriminatieve (N90) en cognitief-
evaluatieve (N150, P200, piekverschil N150-P200 en P300) werden onderzocht. 
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Het doorgemaakt hebben van een beroerte was geassocieerd met verlaagde N150 en P300 
amplitudes en met verhoogde N90, N150 en P300 latentietijden aan beide lichaamszijden. 
In vergelijking met pijn-vrije CVA patiënten en gezonde controles hadden CVA patiënten 
met chronische HSP verhoogde P200 en N150-P200 latentietijden aan beide lichaamszijden, 
zelfs als werd gematched op laesiegrootte en –locatie. Concluderend, het doorgemaakt 
hebben van een beroerte was geassocieerd met een verminderde sensorisch-
discriminatieve en cognitief-evaluatieve corticale verwerking. Dit was meer uitgesproken in 
CVA patiënten met chronische HSP en zou te maken kunnen hebben met de centrale 
effecten van chronische nociceptieve pijn. Er zou daarom meer onderzoek moeten 
plaatsvinden naar de werking van het centrale zenuwstelsel in CVA patiënten met 
chronische HSP. 
In Hoofdstuk 5 is een neuropathische pijnvragenlijst (DN4) gebruikt om CVA patiënten met 
chronische HSP te categoriseren. Patiënten die tenminste 4 punten scoorden (DN4+, n = 9) 
of minder dan 4 punten scoorden (DN4-, n = 10) werden vergeleken aan de hand van 
bekende symptomen van neuropathische en nociceptieve pijn. Pijn werd gemeten met 
behulp van een numerieke schaal en de McGill pijnvragenlijst. Somatosensorische functies 
werden gemeten met behulp van klinische neurologische testen en door het bepalen van 
gevoelsdrempels voor en na een ijswatertest. Patiënten die geclassificeerd waren als DN4+ 
rapporteerden constante pijn, een hogere pijnintensiteit, een hogere impact van pijn op het 
dagelijks leven, gevoelsverlies voor koude, hogere gevoelsdrempels aan de aangedane zijde 
en lagere gevoelsdrempels aan de niet-aangedane zijde. Verschillende bekende symptomen 
van neuropathische en nociceptieve pijn kwamen overeen met de ingedeelde categorieën, 
respectievelijk DN4+ en DN4-. Echter, omdat de pathofysiologische mechanismen 
onduidelijk blijven, en geen van de symptomen exclusief gerelateerd konden worden aan 
één van de 2 subgroepen, zou de prognose en behandeling van HSP niet alleen op basis van 
de DN4 moeten geschieden. Echter, deze resultaten laten zien dat het uitgebreid 
onderzoeken van pijnklachten en het testen van somatosensorische functies thuishoren in 
zowel het diagnostisch traject van HSP, alsmede in het wetenschappelijk onderzoek ernaar. 
 
Deel 3: Longitudinale studies naar de ontwikkeling van chronische HSP 

In Hoofdstuk 6 worden factoren beschreven die geassocieerd zijn met chronische 
schouderpijn in de eerste 6 maanden na de beroerte. Motorische, sensorische, cognitieve, 
emotionele en autonome functies weren onderzocht binnen 2 weken (t0), op 3 maanden 
(t1) en op 6 maanden (t2) na de beroerte. CVA patiënten met chronische HSP (n=9) werden 
vergeleken met CVA patiënten zonder HSP (n=22). Chronische HSP was geassocieerd met 
verminderde motorische functies (t0, t1, t2), verlies van propriocepsis (t0, t1), 
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gevoelsstoornissen (t1, t2), spacticiteit van de elleboog flexoren (t1, t2), verminderde 
bewegingsuitslagen voor abductie (t2) en intere rotatie (t1, t2) van de schouder, trofische 
veranderingen aan de arm/hand (t1) en diabetes mellitus type 2 (t0). De resultaten wijzen 
op een multifactoriele etiologie van chronische HSP. De associatie tussen chronische HSP, 
verminderde bewegingsuitslagen en symptomen van somatosensorische sensitizatie, 
zouden kunnen doelen op een vicieuze cirkel van herhaalde weefselschade in de schouder, 
die relatief kort na de beroerte kan ontstaan. Interventies moeten daarom gericht zijn op 
het behoud en/of herstellen van bewegingsuitslagen van de schouder en het voorkomen 
van schade en somatosensorische sensitizatie. Interventies die tegelijkertijd op meerdere 
niveaus van functie aangrijpen zullen naar verwachting effectiever zijn dan behandelingen 
die zich slechts op 1 niveau richten. 
In Hoofdstuk 7 is de relatie tussen het ontstaan van somatosensorische symptomen en de 
ontwikkeling van chronische HSP in de eerste 6 maanden na een beroerte nader 
onderzocht. Uitgebreid onderzoek vond plaats binnen 2 weken (t0), op 3 maanden (t1) en 
op 6 maanden (t2) na de beroerte, met behulp van klinische neurologische testen en door 
het bepalen van gevoelsdrempels voor en na een ijswatertest. Chronische HSP (n = 9) was, 
aan de aangedane zijde, geassocieerd met een verlies van propriocepsis (t0, t1), een verlies 
van sensatie voor lichte tast (t1) en scherpte (t2), verhoogde gevoelsdrempels (t1, t2) en 
een overgevoeligheid voor koude (t2). Aan de niet-aangedane zijde was chronische HSP 
geassocieerd met een verlaagde pijntolerantiedrempel voor koude (t1). In patiënten met 
somatosensorische overgevoeligheid waren vaak meerdere lichaamsdelen overgevoelig 
voor verschillende soorten prikkels, en was de overgevoeligheid aanwezig op zowel t1 als 
t2. Het effect van de ijswatertest in CVA patiënten met chronische HSP verschilde niet van 
CVA patiënten zonder chronische HSP (n = 22). De pijnklachten duiden op nociceptieve pijn 
en de relatie tussen chronische HSP en verlies van somatosensorische functie komt overeen 
met de “trauma-hypothese”. Echter, deze studie laat zien dat chronische HSP ook 
geassocieerd is met symptomen van somatosensorische sensitizatie in de eerste 6 maanden 
na de beroerte. Somatosensorische sensitizatie kan bijdragen aan de instandhouding van 
HSP en komt tevens voor in patiënten met centrale pijn na een beroerte. Gedegen 
somatosensorisch onderzoek is daarom belangrijk in alle fases na een beroerte. 
 
Concluderend bevestigen de studies die beschreven zijn in dit proefschrift de 
multifactoriele ontstaanswijze van chronische HSP na een beroerte. Tevens laten zij zien dat 
de factoren die verantwoordelijk zijn voor het ontstaan van chronische HSP 
hoogstwaarschijnlijk verschillen van de factoren die chronische HSP in stand houden. De rol 
van een verstoorde functie van het somatosensorische systeem in het in stand houden van 
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chronische HSP lijkt groter dan voorheen werd aangenomen. Dit zou kunnen verklaren 
waarom behandelingen die gericht zijn op het verminderen van perifere nociceptie niet 
voldoende effectief zijn. Zowel langdurige nociceptie, de hersenlaesie, alsmede andere 
(premorbide) factoren kunnen bijdragen aan de ontwikkeling van chronische HSP na een 
beroerte. Ondanks dat de neurofysiologische mechanismen grotendeels onbekend blijven, 
hebben deze resultaten belangrijke gevolgen voor zowel de klinische als de 
wetenschappelijke benadering van schouderpijn na een beroerte. 
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Dankwoord 
 

En op het einde van onze verkenning 

Komen we op ons vertrekpunt aan 

En voor het eerst kennen we die plek 

T.S. Eliot 

 
Geen verkenning zonder vertrekpunt. Dit proefschrift en de voltooiing ervan kent meerdere 
vertrekpunten. Graag wil ik hier een poging doen om alle personen te bedanken die voor mij 
een vertrekpunt zijn geweest in dit promotietraject en zonder wie mijn verkenning niet had 
kunnen slagen. 
Als eerste wil ik alle mensen die hebben deelgenomen aan de onderzoeken bedanken. De 
situatie waarin we elkaar troffen, na een beroerte en in vele gevallen met chronische 
pijnklachten, was vaak niet de meest rooskleurige. En dan waren sommige van de metingen 
ook nog pijnlijk! Zonder de bereidwilligheid, tijd en moeite van deze mensen was er geen 
project geweest. Daarom allen BEDANKT! 
Dan de wetenschappelijke basis van dit project. Deze werd gevormd door mijn promotor 
Maarten IJzerman en Bertjo Renzenbrink, revalidatiearts bij het Roessingh 
Revalidatiecentrum. Maarten, jou wil ik vooral bedanken voor het bewaken van het 
overzicht van dit project en voor het vertrouwen in mijn kunnen. Daarnaast heb ik samen 
met jou veel plezier beleefd aan de, voor een eerstejaars promovenda ongebruikelijke, trip 
naar een congres op Bermuda. Bertjo, wij hebben heel wat afgepraat de afgelopen jaren. Ik 
kon altijd bij je terecht voor hulp bij klinische zaken, met mijn verhalen over patiënten, 
maar ook voor relativerende en bemoedigende woorden op persoonlijk vlak. Heel erg 
bedankt hiervoor, en ik wens je veel succes met jouw eigen promotietraject! 
Voor de technische en neurofysiologische kanten van het verhaal, was daar elektrotechnicus 
Jan Buitenweg, betrokken als begeleider en assistent-promotor. Ik herinner me nog goed 
ons eerste pilot-experiment met de ijswatertest waarbij je mij de kneepjes van de 
electrostimulatie bijbracht en ik na 40 seconden zo’n beetje van mijn stokje ging... Bedankt 
voor jouw kritische inbreng in dit project, en voor de samenwerking op het gebied van 
VWO-voorlichting en student-begeleiding. 
In de loop van mijn verkenning kwamen er nog 2 nieuwe vertrekpunten bij: promotor en 
revalidatiearts Sander Geurts en referent en anesthesioloog Robert van Dongen, beide 
werkzaam bij het UMC St Radboud in Nijmegen. Sander, jouw inbreng als ervaren 
onderzoeker op het gebied van revalidatieonderzoek is ontzettend waardevol geweest voor 
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het welslagen van dit project. Daarnaast heb ik ook veel gehad aan je praktische tips en je 
vaak razendsnelle, maar zeer uitgebreide feedback op mijn manuscripten. Dank hiervoor! 
Robert, als anesthesioloog en kenner op het gebied van neuropathische pijn, bewaakte jij de 
mogelijkheid voor een “centrale verklaring” van de schouderklachten. Tevens was jij één 
van mijn trouwe posterbezoekers op alle pijncongressen die ik de afgelopen jaren heb 
mogen bezoeken. Hartelijk bedankt voor je inbreng in dit project. 
Doordat dit project op de grens van revalidatie- en pijnonderzoek balanceerde, 
organisatorisch gesitueerd was op de UT, maar veelal plaatsvond in allerlei zorginstellingen 
in de regio heb ik het geluk gehad te kunnen samenwerken en ervaringen uit te wisselen 
met vele collega’s.  
Te beginnen met de Universiteit Twente. Alle (oud) collega’s bij BSS, bedankt voor jullie 
collegialiteit en de vele lol tijdens pauzes, wandelingen en uitjes de afgelopen jaren! In het 
bijzonder wil ik hier nog noemen de “oude” promovendi bij BSS die ik ook regelmatig buiten 
de deuren van de Zuidhorst zag en zie, Esther en Jan, bedankt voor de nodige ontspanning 
tijdens de avonduurtjes in de afgelopen jaren! Taras en Simone, mijn kamergenoten, 
bedankt voor de gezelligheid op de kamer! Eva en Daphne bedankt voor de sportieve 
motivatie en Peter S voor de inhoudelijke discussies op het gebied van het 
somatosensorische systeem en EEG. Daarnaast wil ik Jessica Askamp bedanken voor haar 
hulp bij een gedeelte van de dataverzameling in het kader van haar bacheloropdracht 
Biomedische Technologie. Wies Elfers, secretarieel en mentaal ondersteunende rots in de 
branding bij BSS, bedankt voor alle hulp en alle goede gesprekken! Ook heb ik de afgelopen 
jaren in verschillende contexten goed contact gehad met de collega’s van BW. In het 
bijzonder wil ik Tjitske en Gerdine bedanken voor hun mental support en voor de muzikale 
en sportieve ontspanning tijdens de afgelopen jaren. 
Dan de zorginstellingen. Bij het Roessingh Revalidatiecentrum wil ik graag bedanken: Joke 
Boerman, alle superbehulpzame portiers, de medewerkers op Afdeling 3 en alle anderen die 
mij op enig moment hebben geholpen tijdens dit project. Bij RRD heb ik alle EEG metingen 
verricht. Leendert en Rik, bedankt bij de technische ondersteuning hiervan. Tevens was er 
zowel bij het FHT clusteroverleg als bij de koffieautomaat altijd interesse voor mijn 
onderzoek en ik waardeer dit enorm! Alle medewerkers van RRD daarom bedankt! Alle 
CVA-revalidatieartsen werkzaam bij de Sint Maartenskliniek Nijmegen en het Revalidatie 
Medisch Centrum Groot Klimmendaal wil ik bedanken voor hun hulp bij de 
patiënteninclusie van het cross-sectionele onderzoek. Bij de Ziekenhuisgroep Twente en het 
Medisch Spectrum Twente wil ik alle medewerkers op de afdelingen neurologie bedanken 
voor hun ondersteuning bij het longitudinale onderzoek. Johannes Avenarius (MST, 
radiologie) wil ik bedanken voor alle hulp bij het beoordelen van de hersenscans uit 
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hoofdstuk 4. Tevens wil ik hier Michel van Putten, Cecile de Vos en de hele club enthousiaste 
jonge onderzoekers bedanken voor alle levendige discussies tijdens KNF research meetings 
en bijbehorende BBQs. 
A special thanks to the researchers from the Danish Pain Research Center in Arhus, in 
specific Henriette Klit, for the good contacts we have had during the past few years at 
conferences, during my Arhus work-visit in 2008 and in many correspondences, such as the 
one reprinted in the Intermezzo of this dissertation! Ik ben mijn voormalige 
stagebegeleidster aan de Rijksuniversiteit Groningen, Inge Zijdewind, erg dankbaar voor 
haar bijdrage aan de basis van mijn interesse voor wetenschappelijk onderzoek. Met 
vereende krachten hebben we het zelfs gepresteerd ons onderzoek 6 jaar na dato alsnog 
gepubliceerd te krijgen! Ook wil ik mijn nieuwe collega’s bij Eerstelijnsgeneeskunde van het 
UMC St Radboud bedanken voor de gezelligheid, de kans om me op wetenschappelijk gebied 
als postdoc verder te ontwikkelen en de interesse voor mijn wel en wee tijdens de laatste 
loodjes van mijn promotieonderzoek. 
Dan de persoonlijke vertrekpunten. Afscheid nemen van studiestad Groningen bleek 
gedurende de eerste promotiejaren in Twente nog niet zo gemakkelijk. De goede 
vriendschappen en de mooie herinneringen waren reden om in de weekenden nog 
regelmatig naar het noorden af te reizen om bij te kletsen en voor het nodige nachtelijk 
dansvertier. Alle vrienden en kennissen “van vroeger” die mij de afgelopen jaren hebben 
gesteund: bedankt! In het bijzonder Nanda en Jurriaan, Giselle en Eerk, Truus en Bram, 
Willemijn, Margreet en Mark en Marjolein: bedankt voor jullie vriendschap!  
In Enschede bleek naast het werk gelukkig ook genoeg te beleven. Al tijdens de 
introductiedag van de UT leerde ik mijn muzikale wederhelft van het duo ‘Camembert’ 
kennen, inclusief gezinsvervangend tehuis en een cursus Frans. Daarom: Nicolas, Marian en 
sinds anderhalf jaar ook Amélie, bedankt! Bij Concordia vond ik als zaalwacht bij de film de 
nodige afleiding van het “hoofdwerk” op de UT. Alle collega-vrijwilligers en CKV-ers 
bedankt voor de gezellige tijd! Louis bedankt voor alle diepgaande gesprekken over 
promoveren en groots en meeslepend leven. Debbie bedankt dat je de laatste-loodjes-
werkplek in Eindhoven alvast een beetje opgewarmde met je vriendschap.  
Een bijkomend voordeel van promoveren in Twente was dat een groot gedeelte van de 
familie per fiets kon worden bezocht. Veel van hen heb ik daardoor de afgelopen jaren een 
stuk vaker kunnen zien! Graag wil ik alle familieleden bedanken voor de momenten samen, 
hun interesse in mij en hun Twentse nuchterheid. Mijn moeder en broer wil ik graag in het 
bijzonder noemen, omdat zij samen al het andere relatief maken.  
En tot slot bedank ik Gerbert, omdat hij er is om van te houden en als vertrekpunt voor de 
toekomst. 
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Stellingen 

 
Behorende bij het proefschrift 

Persistent Shoulder Pain after Stroke 
door Meyke Roosink te verdedigen op 28 april 2011 

 
1. Persisterende schouderpijn na een beroerte kan uit zowel nociceptieve als neuropathische 

componenten bestaan.       (hoofdstukken 2 en 5) 
 
2. Persisterende schouderpijn na een beroerte is niet alleen geassocieerd met gevoelsverlies 

maar ook met somatosensorische overgevoeligheid en een veranderde cognitief-evaluatieve 
verwerking van somatosensorische prikkels.    (hoofdstukken 3 en 4) 

 
3. Vragenlijsten of ‘beoordelingssystemen’ ten behoeve van de diagnose van neuropathische 

pijn zijn slechts in beperkte mate bruikbaar voor de classificatie van schouderpijn na een 
beroerte.         (hoofdstuk 5) 

 
4. Veranderingen in het centrale somatosensorische systeem dragen zowel in de subacute als 

in de chronische fase na een beroerte bij aan het in stand houden van persisterende 
schouderpijn.        (hoofdstukken 3, 6 en 7) 

 
5. De interpretatie van somatosensorisch onderzoek wordt bemoeilijkt door het feit dat één 

symptoom door meerdere mechanismen veroorzaakt kan worden en één mechanisme ten 
grondslag kan liggen aan meerdere symptomen. 

 
6. Voor patiëntgebonden onderzoek heb je minstens één betrokken clinicus nodig. 
 
7. Een bioloog heeft binnen zorginstellingen nogal eens wat uit te leggen. 
 
8. Het nieuwe werken werkt niet als je gehecht bent aan je avonden en je weekend. 


