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ABSTRACT
If a patient asks ‘why does my shoulder hurt?’ the
conversation will quickly turn to scientiﬁc theory and
sometimes unsubstantiated conjecture. Frequently, the
clinician becomes aware of the limits of the scientiﬁc
basis of their explanation, demonstrating the
incompleteness of our understanding of the nature of
shoulder pain. This review takes a systematic approach
to help answer fundamental questions relating to
shoulder pain, with a view to providing insights into
future research and novel methods for treating shoulder
pain. We shall explore the roles of (1) the peripheral
receptors, (2) peripheral pain processing or ‘nociception’,
(3) the spinal cord, (4) the brain, (5) the location of
receptors in the shoulder and (6) the neural anatomy of
the shoulder. We also consider how these factors might
contribute to the variability in the clinical presentation,
the diagnosis and the treatment of shoulder pain. In this
way we aim to provide an overview of the component
parts of the peripheral pain detection system and central
pain processing mechanisms in shoulder pain that
interact to produce clinical pain.

INTRODUCTION: A VERY BRIEF HISTORY OF
PAIN SCIENCE ESSENTIAL FOR CLINICIANS
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The nature of pain, in general, has been a subject of
much controversy over the past century. In the 17th
century Descartes’ theory1 proposed that the intensity of pain was directly related to the amount of
associated tissue injury and that pain was processed
in one distinct pathway. Many earlier theories relied
upon this so-called ‘dualist’ Descartian philosophy,
seeing pain as the consequence of the stimulation
of a ‘speciﬁc’ peripheral pain receptor in the brain.
In the 20th century a scientiﬁc battle between two
opposing theories ensued, namely speciﬁcity theory
and pattern theory. The Descartian ‘speciﬁcity
theory’ saw pain as a speciﬁc separate modality of
sensory input with its own apparatus, while ‘pattern
theory’ felt that pain resulted from the intense
stimulation of non-speciﬁc receptors.2 In 1965, Wall
and Melzack’s3 gate theory of pain provided evidence for a model in which pain perception was
modulated by both sensory feedback and the central
nervous system. Another huge advance in pain
theory at around the same time saw the discovery of
the speciﬁc mode of actions of the opioids.4
Subsequently, recent advances in neuroimaging and
molecular medicine have vastly expanded our
overall understanding of pain.
So how does this relate to shoulder pain?
Shoulder pain is a common clinical problem, and a
robust understanding of the way in which pain is
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processed by the body is essential to best diagnose
and treat a patient’s pain. Advances in our knowledge of pain processing promise to explain the mismatch between pathology and the perception of
pain, they may also help us explain why certain
patients fail to respond to certain treatments.

BASIC BUILDING BLOCKS OF PAIN
Peripheral sensory receptors: the
mechanoreceptor and the ‘nociceptor’
There are numerous types of peripheral sensory
receptors present in the human musculoskeletal
system.5 They may be classiﬁed based on their function (as mechanoreceptors, thermoreceptors or
nociceptors) or morphology (free nerve endings or
different types of encapsulated receptors).5 The different types of receptor can then be further subclassiﬁed based on the presence of certain chemical
markers. There are signiﬁcant overlaps between different functional classes of receptor, for example
between the mechanoreceptor and nociceptor, and
this has the potential to cause signiﬁcant confusion.
For this reason it is absolutely vital to understand
that there is no universally accepted receptor classiﬁcation system and that receptors are best seen as a
continuum, in which the artiﬁcial boundaries
between different receptor types are somewhat
arbitrary and ﬂuid. Despite this, it is still worthwhile considering how sensory receptors may be
classiﬁed in greater detail.
Sensory receptors are supplied by afferent nerves
of varying sizes, degrees of myelination and conduction velocities. On this basis sensory nerves can
be simply divided into three main groups (conduction velocity given in brackets): thick diameter
myelinated group II or Aβ ﬁbres (>20 m/s), small
diameter myelinated group III or Aδ ﬁbres (2.5–
20 m/s) and unmyelinated group IV or C ﬁbres
(<2.5 m/s).6 Receptors are sometimes referred to
simply by the characteristics of the nerves that
innervates them, for example ‘Aδ nerve endings’.
This description makes no reference to a receptor’s
other speciﬁc characteristics as outlined above and
described in greater detail in the following.
Receptors that respond preferentially to noxious
stimuli and those that have a high threshold to the
adequate stimulus are termed ‘nociceptors’.7
Nociceptors may respond to multiple energy forms
such as thermal, mechanical and chemical stimuli.
Nociceptors can be comprehensively subclassiﬁed
based on four criteria: myelination of nerve supply
(unmyelinated C ﬁbres versus myelinated Aδ ﬁbres),
modalities of stimulus that evoke a response,
response characteristics and distinctive chemical
1 of 12
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markers.8 On a molecular basis, nociceptors can be either peptidergic or non-peptidergic based on whether peptides are
expressed in their dorsal root ganglion cells.8 The peptides
expressed include substance P (SP), calcitonin gene-related
peptide (CGRP) and somatostatin. The subclassiﬁcation of nociceptors is complex; furthermore, they have a degree of functional and chemical plasticity which ensures that their threshold
and responsiveness, as well as the efﬁcacy of their synaptic contacts, are regulated to reﬂect changes produced by activity,
inﬂammation and axonal injury.8
The second form of receptors is the mechanoreceptor which
conveys information about the mechanical stimuli to the central
nervous system. The main innocuous-touch receptors include
(skin stimulus is in brackets): Meissner corpuscles (dynamic
deformation), Merkel cell–neurite complexes (indentation
depth), Pacinian/lamellar corpuscles (vibration), Rufﬁni receptors/endings/corpuscles (stretch) and free nerve endings (touch).
The term ‘proprioceptor’ is used to describe a mechanoreceptor’s role which is that of responding to the mechanical variables
associated with muscles and joints.9 Proprioceptors include
muscle spindles, Golgi tendon organs and Rufﬁni-type receptors.
Mechanoreceptors can be classiﬁed as low-threshold mechanoreceptors (LTMs), thus called because they respond to innocuous mechanical forces, or high-threshold mechanoreceptors
(HTMs), thus called because they are excited only by greater
mechanical forces. As with nociceptors, different types of
mechanoreceptors are associated with speciﬁc afferent nerve
types. Undoubtedly, there is a signiﬁcant degree of crossover
between the properties of both nociceptors and mechanoreceptors, demonstrated by the fact that HTMs can also be described
as nociceptors.10 11 Certainly, creating any absolute division
between the two is somewhat artiﬁcial and potentially misleading, especially given the plasticity of the receptor characteristics.
Generally, mechanoreceptors supplied by Aβ nerve endings
are LTMs, while those supplied by Aδ nerve endings may be
either HTMs or LTMs. HTMs supplied by Aδ nerve endings
and the majority of C ﬁbre nerve endings may be termed nociceptors. Schaible and Grubb6 have studied the mechanosensitivity of different ﬁbre types (Aβ, Aδ and C) supplying the cat knee
joint. They found that most Aβ nerve endings were activated by
innocuous stimuli and hence could be termed LTMs. A much
higher percentage of Aδ and C ﬁbre nerve endings were insensitive to innocuous stimuli (50% and 70%, respectively) and
could be classiﬁed as HTMs. Many LTMs ﬁre in the innocuous
range but have a far stronger response in the noxious range,
demonstrating the dynamic complexity of their function.
A typical joint nerve is innervated by thick diameter myelinated Aβ, small diameter myelinated Aδ and a high proportion
(circa 80%) of unmyelinated C ﬁbres. C ﬁbres are further subdivided into either sensory afferents or sympathetic efferents, with

about 50% of each.6 Muscle nerves consist of axons from
motor neurons, sensory neurons and postganglionic sympathetic
neurons. Each of these nerve types may end in a number of different ‘receptors’ as described hereinbefore. Freeman and
Wyke12 classiﬁed the different types of articular nerve endings
based on their pioneering work in the knee joints of cats in
1967, these being summarised in table 1. They classiﬁed the different endings as types I, II, III and IV on a morphological and
functional basis. Some of the eponymous terms used to describe
receptors of different types are included in table 1, for example
‘Rufﬁni ending’ and ‘Golgi-Mazzoni body’. Other authors have
since modiﬁed the eponymous terms mentioned in Freeman and
Wyke’s classiﬁcation system.13
Articular Aβ ﬁbres terminate as corpuscular endings of the
Rufﬁni, Golgi and Pacini types in the ﬁbrous capsule, articular
ligaments, menisci and adjacent periosteum.14 While articular
Aδ and C ﬁbres terminate as non-corpuscular or free nerve
endings in the ﬁbrous capsule, adipose tissue, ligaments,
menisci, periosteum and synovium. The cartilage is not innervated. In muscles, thick myelinated afferents terminate as organised endings such as muscle spindles and tendon organs, while
Aδ and C ﬁbres terminate as free nerve endings. The receptor
types and innervation speciﬁcally relating to the shoulder will
be explored in greater detail in sections ‘Where are these receptors located in the shoulder?’ and ‘Neural anatomy of the
shoulder’.

Peripheral pain processing: ‘nociception’
Tissue injury involves a variety of inﬂammatory mediators being
released by damaged cells including bradykinin, histamine,
5-hydroxytryptamine, ATP, nitric oxide and certain ions (K+
and H+). The activation of the arachidonic acid pathway leads
to the production of prostaglandins, thromboxanes and leukotrienes. Cytokines, including the interleukins and tumor necrosis
factor α, and neurotrophins, such as nerve growth factor
(NGF), are also released and are intimately involved in the
facilitation of inﬂammation.15 Other substances such as excitatory amino acids (glutamate) and opioids (endothelin-1) have
also been implicated in the acute inﬂammatory response.16 17
Some of these agents may directly activate nociceptors, while
others bring about the recruitment of other cells which then
release further facilitatory agents.18 This local process resulting
in the increased responsiveness of nociceptive neurons to their
normal input and/or the recruitment of a response to normally
subthreshold inputs is termed ‘peripheral sensitisation’. Figure 1
summarises some of the key mechanisms involved.
NGF and the transient receptor potential cation channel
subfamily V member 1 (TRPV1) receptor have a symbiotic relationship when it comes to inﬂammation and nociceptor sensitisation. The cytokines produced in inﬂamed tissue result in an

Table 1 The Freeman and Wyke classification of joint nerve endings
Type

Morphology

Location

I

III

Globular or ovoid corpuscles, fine
capsule, in clusters of 3–6
Cylindrical or conical corpuscles, thick
capsule, in groups of 2–3
Fusiform corpuscles

IV

Unmyelinated nerve endings

Fibrous
capsule
Fibrous
capsule
Ligaments/
tendons
Multiple

II

2 of 12

Diameter of parent
fibre (mm)

Principle functional
characteristics

5–8 (small myelinated)

Mechanoreceptor (low threshold,
slowly adapting)
Mechanoreceptor (low threshold,
rapidly adapting)
Mechanoreceptor (high threshold,
very slowly adapting)
Pain receptors

8–12 (medium
myelinated)
13–17 (large
myelinated)
<2 (unmyelinated)

Eponymous or descriptive terms
Ruffini ending, Golgi-Mazzoni ending,
Meissner corpuscle
Pacinian corpuscle, Golgi-Mazzoni
body, Meissner corpuscle
Golgi ending, Golgi-Mazzoni
corpuscle
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Figure 1 Peripheral sensitisation and
inﬂammation at the peripheral nerve
terminal (ASIC, acid sensing ion
channel; iGluR, inotropic glutamate
receptor; IL-1β, interleukin-1β; IL-6,
interleukin-6; mGluR, metabotropic
glutamate receptor; NGF, nerve growth
factor; PGE2, prostaglandin E2; PKA,
protein kinase A; PKC, protein kinase
C; TNF-α, tumour necrosis factor α;
TrkA, tyrosine kinase receptor A; TTXr,
tetrodotoxin-resistant sodium channel;
μ, mu-opioid receptor; M2, muscarinic
receptor; 5-HT3, serotonin; H1,
histamine receptor; B1/B2, bradykinin
receptors; A2, adenosine receptor;
GABAR, γ-aminobutyric acid receptor;
EP, prostaglandin receptor; VEGF,
vascular endothelial growth factor).
Access the article online to view this
ﬁgure in colour.

increase in NGF production.19 NGF stimulates the release of
histamine and serotonin (5-HT3) by mast cells, and also sensitises nociceptors, possibly altering the properties of Aδ ﬁbres
such that a greater proportion become nociceptive. The TRPV1
receptor is present in a subpopulation of primary afferent ﬁbres
and is activated by capsaicin, heat and protons. The TRPV1
receptor is synthesised in the cell body of the afferent ﬁbre, and
is transported to both the peripheral and central terminals,
where it contributes to the sensitivity of nociceptive afferents.
Inﬂammation results in NGF production peripherally which
then binds to the tyrosine kinase receptor type 1 receptor on
the nociceptor terminals, NGF is then transported to the cell
body where it leads to an up regulation of TRPV1 transcription
and consequently increased nociceptor sensitivity.19 20 NGF and
other inﬂammatory mediators also sensitise TRPV1 through a
diverse array of secondary messenger pathways. Many other
receptors including cholinergic receptors, γ-aminobutyric acid
(GABA) receptors and somatostatin receptors are also thought
to be involved in peripheral nociceptor sensitivity.
A large number of inﬂammatory mediators have been speciﬁcally implicated in shoulder pain and rotator cuff disease.21–25
While some chemical mediators directly activate nociceptors,
most lead to changes in the sensory neuron itself rather than
directly activating it. These changes may be early posttranslational or delayed transcription dependent. Examples of
the former are changes in the TRPV1 receptor or in voltagegated ion channels resulting from the phosphorylation of
membrane-bound proteins. Examples of the latter include the
NGF-induced increase in TRV1 channel production and the
calcium-induced activation of intracellular transcription factors.

Primary hyperalgesia and peripheral sensitisation
Primary hyperalgesia is deﬁned as hyperalgesia, or hypersensitivity, at the site of injury (the primary zone).26 Several mediators
may lead to the sensitisation of a nociceptor and therefore play
a role in primary hyperalgesia.27 Primary hyperalgesia relates to
both heat and mechanical stimuli.28 The hyperalgesia to heat

stimuli that occurs at the site of injury is thought to be owing to
the sensitisation of primary afferent nociceptors, that is, peripheral sensitisation. However, the hyperalgesia to mechanical
stimuli at the site of injury results from not only peripheral sensitisation, but probably from central sensitisation as well.29
Different types of mechanical hyperalgesia have been described:
one type is hyperalgesia to light touch or ‘allodynia’, another is
‘punctate’ hyperalgesia and a third is termed ‘pressure’ or
‘impact’ hyperalgesia.30 It must be remembered that the acute
presence of both allodynia and ‘punctate’ hyperalgesia at the
site of injury may be demonstrative of a completely normal pain
response, in response to acute injury for example, sunburnt
skin. A lowered threshold to stimulation, an increased response
to suprathreshold stimuli and the expansion of receptive ﬁelds
are all ways in which the nociceptor sensitisation of primary
hyperalgesia may be manifest.31

Secondary hyperalgesia and central sensitisation
Secondary hyperalgesia is deﬁned as hyperalgesia outside the
original zone of injury and relates to the sensory response to
mechanical stimuli only.28 The localised activation of nociceptors leads to a ‘ﬂare response’ outside the zone of initial injury
through the spreading chemical activation of adjacent nociceptors. However, La Motte et al32 demonstrated that proximal
nerve blocks prevent the development of secondary hyperalgesia, indicating that higher pathways must be involved and that
the ﬂare response cannot fully account for secondary hyperalgesia. The ﬂare response and secondary hyperalgesia have also
been shown to be distinct entities for several reasons: the zone
of secondary hyperalgesia is generally larger than the ‘ﬂare’,
they can exist independently, and secondary hyperalgesia does
not migrate across the body’s midline, whereas ﬂare does.32
Peripheral sensitisation cannot adequately account for secondary
hyperalgesia; hence the central nervous system must have a key
role to play in this phenomenon.27 33 It is clear that the peripheral signal for pain is not purely driven by nociceptors; under
pathological circumstances other receptors types, which are
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normally associated with the sensation of touch, acquire the
ability to elicit pain.33 34 This applies to neuropathic pain as
well as to acute secondary hyperalgesia.
The term ‘central sensitisation’ is used to describe the phenomenon whereby central pain-signalling neurons become
hypersensitive to the input of LTMs.34 ‘Central sensitisation’
may also be more generally described as ‘an ampliﬁcation of
neural signalling within the CNS that elicits pain hypersensitivity’.35 Secondary hyperalgesia (and therefore central sensitisation) is seen in many clinical situations including the acutely
inﬂamed joint,36 the arthritic knee37 and the painful shoulder.38
Two distinct forms of secondary hyperalgesia have been
observed: punctuate and light touch hyperalgesia (allodynia).
Punctate hyperalgesia is thought to be different from light touch
hyperalgesia for several reasons: the area of punctuate hyperalgesia is larger than that of light touch hyperalgesia and light
touch hyperalgesia post capsaicin is signiﬁcantly shorter lived
than punctate hyperalgesia. Light touch hyperalgesia32 and
punctate hyperalgesia33 both appear to be mediated by LTMs.
Ziegler et al39 used an intradermal capsaicin model to show that
punctuate hyperalgesia was mediated by smaller myelinated
ﬁbres than light touch hyperalgesia. Certainly, the central sensitisation is induced by unmyelinated C ﬁbre nociceptors, but the
exact higher mechanisms have yet to be fully determined40: it is
likely that the sensitisation of nociceptive neurons in the dorsal
horn of the spinal cord are involved, although a novel presynaptic model has been proposed by Cervero.41 The way in which
the facilitated pathways (myelinated A ﬁbres) are separate from
the facilitating pathways (unmyelinated C ﬁbres) in this process
is called a ‘heterosynaptic’ form of facilitation.29 Heterosynaptic
facilitation is distinct to ‘homosynaptic’ facilitation, an example
of the latter being ‘wind up’, that is, the temporal summation to
punctuate stimuli in the zone of capsaicin injection. In ‘homosynaptic’ facilitation, the events responsible for triggering synaptic
strengthening occur at the same synapse that is being strengthened. In ‘heterosynaptic’ facilitation synaptic strengthening
between a presynaptic and a postsynaptic cell may occur as a
result of the ﬁring of a third neuron, a modulatory interneuron,
whose terminals end on and regulate the strength of the speciﬁc
synapse.42

Spinal cord
The spinal dorsal horn receives inputs from a wide variety of
primary afferent ﬁbres including those from nociceptors and
mechanoreceptors.40 Primary afferents generally use glutamate
as their principal neurotransmitter and form excitatory (glutaminergic) synapses with the neurons in the dorsal horn.40 The
primary afferent ﬁbres may synapse with two broad types of
neuron: projection cells which travel in rostral parts of the
spinal cord to the higher brain centres and interneurons which
remain in the spinal cord and contribute to local neuronal circuits. Interneurons can be either inhibitory, using GABA/glycine
as their neurotransmitter, or excitatory (glutaminergic).43 The
intrathecal administration of drugs that antagonise GABA/
glycine receptors can cause allodynia, suggesting that one key
function of inhibitory interneurons is to suppress the activity of
tactile afferents so that they do not normally elicit pain. The
dorsal horn also receives an important descending input from
higher brain centres, these systems are serotonergic (5-HT) and
norepinephrinergic, with 5-HT3 receptors and α2 adrenoceptors being found in the superﬁcial dorsal horn.43 Stimulation of
these descending inhibitory circuits produces analgesia; the
mechanism behind this appears to be related to inhibitory
actions on excitatory interneurons and projection neurons.
These descending systems may be called the descending pain
modulatory system (DPMS).
Examples of the synaptic plasticity of the dorsal horn include
the activity-dependent plasticity of ‘wind-up’, the ‘heterosynaptic’ central sensitisation as described earlier, the ’homosynaptic’
increases in response seen in long-term potentiation and
transcription-dependent central sensitisation.15 Wind-up’s summative increase in dorsal horn neuron output is related to the
SP and glutamate-induced change in dorsal horn postsynaptic
sensitivity.44 Heterosynaptic central sensitisation is partly related
to transmitters and mediators released from primary afferents
and glial cells, these then act at a distance on dorsal horn
neurons to produce long-lasting heterosynaptic potentiation of
fast synaptic transmission: the two general mechanisms implicated in this are the post-translational processing of ion channels/receptors/regulatory proteins and the cell surface
expression/trafﬁcking of ion channels.34 Long-term potentiation

Figure 2 Mechanism underlying
central sensitisation in the spinal cord
(AMPAR, AMPA receptor; NMDAR,
NMDA receptor; KaiR, kainite receptor;
P2X, purinoreceptor; Src, Src tyrosine
kinase; MAPK, mitogen-activated
protein kinase; PKC, protein kinase
C; NK1R, neurokinin-1 receptor;
mGluR, metabotropic glutamate
receptor; SP, substance P; Glu,
glutamate; P, phosphate residue;
VGCC, voltage-gated calcium channel).
Access the article online to view this
ﬁgure in colour.
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is the homosynaptic increase in response to primary afferent
inputs and NMDA/AMPA receptor-activated pathways.45 46
Transcription-dependent central sensitisation involves multiple
signalling pathways in the sensory and dorsal horn neurons.45
Figure 2 summarises our current understanding of some of the
mechanisms behind central sensitisation in the spinal cord.

Where are these receptors located in the shoulder?

Brain

Rotator cuff muscles and tendons

Nociceptive information is transmitted from the spinal cord to
the brain via several different pathways.15 These ascending pathways include direct projections to the thalamus (spinothalamic
tract), direct projections to homeostatic control regions (spinomedullary and spinobulbar) and projections to the hypothalamus/ventral forebrain (spinohypothalamic). The periaqueductal
grey (PAG) and reticular formation are important parts of the
spinobulbar system. The thalamus is a key structure in pain
processing and has ascending projections to multiple areas
including the primary and secondary somatosensory cortices, the
anterior insular cortex and the cingulate cortex.47 The subjective
experience of pain is highly complex and involves other regions
such as the amygdala, prefrontal cortex, cerebellum and basal
ganglia. Key modulatory circuits involving the rostral ventromedial medulla (RVM) and PAG exert bidirectional control over
dorsal horn nociceptive transmission.47 This network receives
numerous direct and indirect inputs from pain pathways that
include the amygdala, the anterior cingulate cortex and the anterior insula; providing a mechanism for the way in which emotion
may affect pain perception. The RVM has separate descending
antinociceptive and nociceptive outputs to the dorsal horn.
Figure 3 summarises some of the key pain modulating circuitry.

Minaki et al48 investigated the innervation of the rabbit rotator
cuff electrophysiologically and demonstrated a high density of
nociceptors to be present around the rotator cuff ’s humeral
insertion. Supraspinatus was particularly densely innervated with
both mechanoreceptors and nociceptors as shown in ﬁgure 4
which shows the locations of receptive ﬁelds identiﬁed in the posterior shoulder. In a histological study in rats Backenkohler
et al49 showed that Golgi tendon organs were found within
tendons where they merge into muscle and in the tendinous
insertions near the joint capsule; it was also shown that the
muscle spindles tended to accumulate near the musculotendinous
junction. Some lamellated corpuscles were found in the connective tissue of muscle septa and tendons, in contrast Rufﬁni corpuscles were not.

Figure 3 Pain modulating systems (PAG, periaqueductal grey, RVM,
rostroventromedial medulla, DLPT, dorsolateral pontine tegmentum).
Access the article online to view this ﬁgure in colour.

The peripheral receptors play a pivotal role in the way in which
tissue pathology may generate clinical pain. Therefore, understanding both the location of the receptors and the types of
receptor present in the shoulder are of key importance in diagnosing and treating shoulder pain.

Glenohumeral joint
Two studies using human cadavers have analysed the neurohistology of the shoulder joint. Guanche et al50 analysed three
cadaveric human shoulders using gold chloride staining and
light microscopy. They found that the superior, middle and
inferior glenohumeral ligaments all contained mechanoreceptors
(Golgi tendon organs, Rufﬁni’s endings and Pacinian corpuscles)
and free nerve endings. Only free nerve endings were identiﬁed
in the biceps tendon and glenoid labral tissue. Hashimoto
et al51 analysed 26 shoulder joints from 13 cadavers using
immunohistochemistry and light microscopy. A small number of
free nerve endings were identiﬁed in the innermost layer of the
joint capsule. Many nerve ﬁbres of large diameter were found in
both the anteroinferior and posteriosuperior portions of the
outermost layers of capsule (stratum ﬁbrosum), while nerve
ﬁbres of various sizes were more numerous in posteriosuperior
and anteroinferior portions of the boundary zone between the
labrum and capsule in all layers.

Figure 4 The receptive ﬁelds present in the rabbit rotator cuff. Filled
circles are units with mechanical thresholds greater than 7 g, and open
circles are units with mechanical thresholds less than 7 g.
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Animal studies investigating the innervation of the shoulder
joint have been relatively consistent in their ﬁndings.
Backenkohler et al49 showed the Rufﬁni corpuscles were exclusively found in the ventral aspect of the joint capsule, while
most lamellated corpuscles were located in the axillary portion
of the joint capsule. Solomonow et al52 examined the distribution of neural elements in the glenohumeral capsule of cats.
Again the greatest density of neural elements was found in the
inferior aspect of the capsule; nerve ﬁbres, free nerve endings,
Golgi tendon organs, Rufﬁni’s endings and Pacinian corpuscles
were found in all areas of the capsule. Tarumoto et al53 studied
the glenohumeral capsule in monkeys and again conﬁrmed
this dense inferior capsular innervation, particularly with
Rufﬁni-like endings. They also found a high density of smaller
peptidergic ﬁbres that were presumed to be nociceptive, in the
posterior half of the capsule; a small number of nociceptive
ﬁbres were found to innervate the marginal labrum. Overall, an
increased density of mechanoreceptors in certain areas of the
shoulder joint region coincides with zones where sensory
control is most important because of increased biomechanical
stress.54 The presence of corpuscular mechanoreceptors in the
joint capsule and glenoid labrum shows their important role in
inducing protective reﬂex actions in phases of extreme or abnormal movement.54 55

Subacromial bursa
The subacromial bursa (SAB) is an important structure that has
been implicated in the pain of patients with rotator cuff tendinopathy and ‘impingement syndrome’. Human tissue from the
SAB is readily available because of its frequent removal as part
of ‘subacromial decompression’ (SAD) surgery. Numerous
studies have shown that the SAB is richly innervated.56–58 Soifer
et al57 examined cadaveric shoulder tissue using IHC and found
that neural elements to be present in SAB, cuff tendon, biceps
tendon and tendon sheath; the nerve supply to the SAB was signiﬁcantly denser than that to the other tissues. Tomita et al58
examined tissue from the SAB of patients with varying degrees
of cuff tendinopathy. They found that the SAB was innervated
by large numbers of free nerve endings and mechanoreceptors
(encapsulated corpuscles); they also found that there was a
strong correlation between the density of neural elements at rest
and shoulder pain at rest, those with higher densities of neural
elements being more likely to experience pain at rest.
Ide et al56 investigated the innervation of the SAB in great
detail using IHC and their results are shown in ﬁgure 5. A large
number of C and Aδ ﬁbres were found to innervate the SAB
and they were shown to be immunoreactive to SP and CGRP,
conﬁrming their nociceptive role. A variety of mechanoreceptors
were innervated by larger Aβ ﬁbres and these ﬁbres were not
immunoreactive to SP. The Pacinian corpuscles were localised in
the roof of the coracoacromial (C-A) arch side of the bursa,
while the Rufﬁni endings were located at both the greater tuberosity and C-A side of the bursa; other unclassiﬁed mechanoreceptors were found in the bursa, some of which resembled
Golgi-Mazzoni corpuscles. An intriguing study by Gotoh et al24
showed that patients with higher levels of SP in the SAB had
greater levels of pain, and that SP levels were higher in nonperforated cuff tears versus perforated cuff tears.

Long head of biceps tendon
The long head of biceps tendon (LHBT) is often implicated in
shoulder pain and a degenerate LHBT frequently coexists with
rotator cuff tendinopathy. Alpantaki et al59 analysed four cadaveric LHBT in humans using IHC. An extensive neural network
6 of 12

Figure 5 A schematic drawing of the major nerve ﬁbre bundles and
the distribution of sensory nerve endings in the SAB. Double circles
indicate Pacinian corpuscles. Filled circles indicate Rufﬁni endings.
Asterisks indicate free nerve ending plexus. Hatched areas indicate
areas where cluster of Golgi-Mazzoni corpuscle-like receptors exists.
White circles indicate type II unclassiﬁed receptors.
was demonstrated along the tendon, with the densest innervation being present proximally and decreasing distally. This
innervation was positive for SP and CGRP, suggesting the presence of thinly myelinated and unmyelinated sensory neurons; it
was also positive for tyrosine hydroxylase, indicating the presence of post-ganglionic sympathetic ﬁbres. Singaraju et al60
compared the neurohistology of the LHBT in patients undergoing surgery for pain related to degeneration with that of cadaveric specimens, none of which had evidence of cuff or LHBT
degeneration. No difference was found in CGRP and SP staining
between the two groups but there was a trend towards increased
inﬂammation and vascularity in the surgical specimens. These
results led the authors to conclude that neither the LHBT nor
its sheath was the sole cause of anterior shoulder pain.
Hashimoto et al51 showed that, in the central portion of the
long head of biceps (LHB) tendon, relatively large nerve ﬁbres
inserted from the shoulder capsule. Tosounidis et al61 demonstrated by staining for the S-100 protein and neuropeptide Y
that cells with neural differentiation within the LHBT were
increased in acute injury and hypothesised that this provided a
mechanism for LHBT-related pain. The function of the LHB
tendon and its role in glenohumeral kinematics presently remain
only partially understood62; likewise its role in shoulder pain
remains controversial and incompletely understood.

C-A ligament
Konttinen et al63 demonstrated the C-A ligament to be aneural
but the adjacent connective tissue and fat to be richly innervated; some of these nerves stained positively for Neuropeptide
Y (sympathetic marker) and none for SP/CGRP. The rich innervation of the connective tissue adjacent to the coracoacromial
ligament (CAL) is described above (ﬁgure 5). The aneural
nature of the C-A ligament parenchyma has been subsequently
conﬁrmed by Tamai et al.64 Tamai et al64 also showed that the
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Figure 6 Proﬁle reconstruction of the anterior side of right shoulder
joint in a human fetus. *, Proﬁle line of humeral head; a, articular
nerve from the axillary and the musculocutaneous nerves; b, articular
nerves from the axillary nerve; c, articular nerve from the subscapular
nerve; d, branch of articular nerve from the suprascapular nerve.

superﬁcial periligamentous bursal tissue over the CAL was richly
innervated with nociceptive ﬁbres in patients with rotator cuff
disease and not in controls; they hypothesised that this may be
one of the causes of pain in this group of patients.

Neural anatomy of the shoulder
The nerves that contribute to the innervation of the anterior
shoulder joint are the subscapular (C5/6), axillary (C5/6) and
the lateral pectoral (C5/6) (ﬁgure 6).65–67 The subscapular nerves
arise high from the posterior cord of the brachial plexus and
supply a small portion of the anterior joint. The axillary nerve is
the last nerve of the posterior cord of the brachial plexus before
the latter becomes the radial nerve. As the axillary nerve courses
across the subscapularis muscle, it releases its ﬁrst articular
branch as it runs across the anteroinferior capsule. The axillary
nerve divides into two main branches at the lower aspect of subscapularis, the medial and lateral branches; the medial branch
supplies the scapular side of the anteroinferior capsule, while the
lateral branch supplies the humeral side of the anteroinferior
capsule. The muscular branch which innervates teres minor, also
issues a small articular branch at the level of the insertion of the
long head of triceps. The lateral pectoral nerve arises from the
lateral cord of the brachial plexus, passes superﬁcial to the axillary vessels and pierces the clavipectoral fascia to reach the deep
surface of pectoralis major. A small articular branch arises just
before it pierces the fascia, this gives off branches to the coracoacromial (C-A) and coracohumeral (C-H) ligaments on its way laterally. Between these ligaments it then divides into two main
branches; one passes beneath the C-A ligament to supply the
SAB, the other passes across the C-A ligament to supply the
anterior portion of the acromioclavicular joint.
The nerves that contribute to the innervation at the posterior
joint are the suprascapular nerve (SSCN) (C5/6) and axillary
nerve (C5/6) (ﬁgure 7). The SSCN arises from the upper trunk
of the brachial plexus. A large superior articular branch separates from the main nerve at an average of 4.5 cm proximal to
the transverse scapular ligament,67 together these nerves pass
underneath the transverse scapular ligament and enter the
suprascapular notch. After entering the notch, the SSCN turns

Figure 7 Proﬁle reconstruction of posterior side of right shoulder
joint in a human fetus. *, Proﬁle line of humeral head; d, upper branch
of the suprascapular nerve; e, lower branch of the suprascapular nerve;
f, branches from nerves of supraspinatus and infraspinatus muscles;
g, axillary branch to scapular part of capsule; h, axillary branches to
humeral part of capsule.
laterally and releases a small branch to the coracoclavicular ligaments. The main articular branch then advances laterally
between the coracoid and supraspinatus, it divides into two terminal branches at this point; one descends to innervate the C-H
ligament and the adjacent capsule, the other splits into several
small branches which innervate the SAB and the posterior
portion of the acromioclavicular joint capsule. The main SSCN
passes into the suprascapular fossa where it releases a large muscular branch supplying the supraspinatus; at the level of the
scapular spine a large inferior articular branch separates and
travels obliquely to the posterior capsule. This inferior articular
branch releases several branches which deviate upward and
downward to terminate where the tendon of infraspinatus
merges with the posterior capsule. The suprascapular nerve
terminates by supplying infraspinatus. The contribution of the
axillary nerve has been previously described. The sympathetic
innervation of the shoulder joint is from the cervical ganglia
(superior, middle and lower) via the grey rami communicantes.

CONSIDERING DRIVERS OF PAIN IN THE DIAGNOSIS AND
MANAGEMENT OF SHOULDER PAIN
The traditional triad of history, examination and investigations
are used to guide the clinician towards a reasoned management
plan for the patient’s pain. It is also important to focus on features of the history and examination which hint at a greater
degree of central sensitisation being present. A history of the
pain radiating down the arm and the presence of ‘light touch’
hyperalgesia around the shoulder are both features of central
sensitisation.38 Signiﬁcant symptoms in the absence of radiological abnormality should ring alarm bells; in these cases treating an assumed peripheral pathology surgically may result in
disaster as the majority of the pathology is in the higher pain
processing systems.
The lack of reliable diagnostic tests for many shoulder
pathologies68 including ‘impingement syndrome’69 70 reﬂects
how subjective and variable clinical tests may be. This can be
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explained by mechanosensitivity changing as a result of any
form of peri-articular inﬂammation with the majority of nociceptive ﬁbres (C and δ) showing increased mechanosensitivity;
indeed a large proportion of HTM are sensitised such that
they respond to movements in the working range. This has
been conﬁrmed in the shoulder by Yamashita et al71 who
showed that inﬂammation peripherally sensitised both lowthreshold and high-threshold mechanoreceptors in a rabbit
model. The classical inﬂammatory mediators such as bradykinin, the prostaglandins and 5-HT3 excite joint afferents and
sensitise them to mechanical stimulation. Spinal cord neurons
may be activated by noxious movements (NS, nociceptive speciﬁc) or they may respond with increasing intensity when the
stimulus is increased from the innocuous to the noxious range
(WDR, wide dynamic range). Both WDR and NS spinal cord
neurons show enhanced responses to noxious stimuli applied
in the inﬂamed joint, and NS neurons show a reduction in
their mechanical threshold so that they now become excited by
innocuous stimuli.
This means that any cause of inﬂammation in or around the
shoulder may give rise to the so-called ‘irritable’ shoulder joint.
Therefore, clinically it may be difﬁcult to discriminate between
rotator cuff tendinopathy and calciﬁc tendinitis or inﬂammatory
joint disease, for example; there is a clear lack of clarity with
regard to whether common diagnostic tests used in clinical
examination are useful in differentially diagnosing pathologies
of the shoulder.68 72 Consequently, there has been the modern
trend away from these bedside clinical tests towards radiological
imaging modalities such as ultrasound and MRI.

Treatments of shoulder pain
The treatment of shoulder pain depends largely on the clinical
diagnosis reached upon and it is beyond the scope of this
article to deal with the speciﬁcs of all shoulder pathologies. We
intend to focus on the aspects of treatment that are particularly
relevant to pain processing in this overview. Before embarking
upon a treatment, it is important to adequately assess the severity of the pain, as well as the impact of the pain upon the
patient’s shoulder function and quality of life; in this way any
response to treatment can be more objectively measured and
quantiﬁed. The visual analogue scale (VAS) is one of the many
measures that can be used to assess pain,73 while there are
numerous
shoulder-speciﬁc
scoring
systems74
and
75
quality-of-life measures. There are also more speciﬁc scoring
systems which can help identify and quantify the neuropathic
element of a patient’s pain such as the pain DETECT
questionnaire.76

Placebo effect
An important obstacle to measuring the effect of any treatment on
pain is the signiﬁcance of the placebo effect, which is ‘the patient
response to inactive or sham treatments’. Placebo treatments have
powerful analgesic effects and even placebo-controlled randomised
trials may result in the efﬁcacy of a treatment being misinterpreted.77 The DPMS is crucially important to placebo analgesia.78
A variety of factors including patient expectation, emotions such as
anxiety and mood all have signiﬁcant effects on the complex neurobiological process that lies behind placebo analgesia.79 80 Different
types of neuropathic pain are affected in different ways by the
placebo effect.81 While different treatments may have hugely differing strengths of placebo effect depending on multiple complex
patient and treatment factors, it has been argued that the placebo
effect of sham surgery is likely to be particularly strong.82
Consequently, the interpretation of treatment effects in shoulder
pain is a highly contentious and controversial area. Maximising the
placebo effect is useful for any clinician treating shoulder pain;
ensuring that the patient has conﬁdence in the treatment plan and
allaying any anxieties are examples of ways in which this can be
performed.

Pharmacotherapy
The World Health Organisation’s analgesia ladder is frequently
used to guide the treatment of pain and has been modiﬁed since
its introduction in 1986.83 Simple agents such as Paracetamol
and the non-steroidal anti-inﬂammatory drugs (NSAIDs) are
generally ﬁrst line. Paracetamol has both peripheral and central
effects in inhibiting prostaglandin synthesis and activating the
descending 5-HT system.84 The NSAIDs inhibit the cyclooxygenases (COX-1 and COX-2) to varying degrees resulting in
both peripheral and central analgesic effects. Peripherally, they
inhibit the prostaglandin-induced nociceptor sensitisation that
occurs via TRPV1 and sodium channel activation; centrally,
their effects are thought to be partly owing to the inhibition of
the prostaglandin-mediated glycinergic neurotransmission.
Weak and strong opiates can then be added to the simpler
agents in a step-wise fashion. The μ, δ, κ and opioid
receptor-like-1 (ORL1) opioid receptors have been found in
humans.4 The coupling of these receptors to potassium and
sodium channels is believed to be the main mechanism by
which endogenous and exogenous opioids produce analgesia. At
a spinal level the most important mechanism of action is the
presynaptic opioid receptor agonism which leads to a decrease
in nociceptive afferent transmitter release; postsynaptic and
interneuron opioid receptor agonism attenuates spinal cord
outputs. Important sites of supraspinal opioid action are the
PAG and RVM. Other drugs including certain antidepressants
and anticonvulsants are particularly important in managing

Table 2 A summary of the analgesics that may be used in the management of shoulder pain
Class of drug

Examples

Simplified mode of action

NSAIDs
Weak opiates
Strong opiates
TCAs
SSRIs
Conventional anticonvulsants
Other anticonvulsants

Paracetamol, diclofenac
Codeine phosphate, tramadol
Oral morphine solutions
Amitryptiline, clomipramine, imipramine
Fluoxetine, citalopram
Carbamezapine
Gabapentin, pregabalin

Cyclooxygenase inhibition
Peripheral and central opioid receptor agonism
Peripheral and central opioid receptor agonism
Blockade of serotonin and norepinephrine reuptake in the CNS
Blockade of serotonin reuptake in the CNS
Blockade of voltage-gated sodium channels
GABA agonism/calcium channel inhibition

CNS, central nervous system; GABA, γ-aminobutyric acid; NSAID, non-steroidal anti-inflammatory drugs; SSRIs, selective serotonin reuptake inhibitors; TCAs, tricyclic antidepressents.

8 of 12

Dean BJF, et al. Br J Sports Med 2013;47:1095–1104. doi:10.1136/bjsports-2012-091492

Br J Sports Med: first published as 10.1136/bjsports-2012-091492 on 21 February 2013. Downloaded from http://bjsm.bmj.com/ on January 8, 2023 by guest. Protected by copyright.

Review

neuropathic pain.85 Table 2 summarises the classes of drugs that
may be used in the management of acute and chronic shoulder
pain. The decision-making process in analgesic pharmacotherapy involves the consideration of several complex factors including the nature and the chronicity of the pain; the evolving
speciﬁcs relating to chronic neuropathic pain is a huge topic in
its own merit.85 86

Injections and nerve blocks
A number of different injection sites have been used in treating
shoulder pain including the glenohumeral joint, the subacromial
space and several nerve blocks. Peripheral injections may be
diagnostic, prognostic or therapeutic; they may consist of local
anaesthetic with or without steroid. Local anaesthetics are
sodium channel blockers and directly block the nerve conduction. The pain-relieving mechanisms of steroids are complex,
not only do they have an anti-inﬂammatory effects, but they
also appear to reduce nociceptor sensitivity and central
sensitisation.87
The beneﬁts of steroid injections have been demonstrated in
both frozen shoulder and in cuff tendinopathy.88 89 However,
the Cochrane review of the use of steroid injections for shoulder
pain in frozen shoulder and in rotator cuff disease concluded
that injections may be beneﬁcial, but that their effect may be
small and not well-maintained.90 This conﬂicting evidence
reﬂects small trial sample sizes, variable methodological quality
and a general heterogeneity.
Nerve blocks are widely used in managing intraoperative and
postoperative pains in shoulder surgery; several nerve blocks or
combinations of blocks are commonly used including the interscalene, suprascapular and axillary nerve blocks. The suprascapular nerve block has been shown to be more effective than
subacromial inﬁltration or placebo after shoulder surgery.91 The
suprascapular nerve block has also been shown to reduce pain in
cases of frozen shoulder 1 month following an injection92 and in
cases of general chronic shoulder pain of multiple aetiologies.93
Pulsed radiofrequency of the suprascapular nerve has also been
reported as an effective treatment of chronic shoulder pain.94

Acupuncture
It is hypothesised that acupuncture relieves pain by activating Aδ
and possibly C ﬁbres via the mechanical stimulation of needles.
Some trials have shown a beneﬁt over placebo in treating shoulder pain,95 however the beneﬁt could be attributed to the
greater placebo effect of actual acupuncture over sham acupuncture. The Cochrane review regarding acupuncture for shoulder
pain concluded that there was insufﬁcient evidence to support
or refute it as a treatment.96

Physiotherapy and activity modiﬁcation
The proposed analgesic mechanisms of physiotherapy include
rotator cuff muscle strengthening, augmenting scapulothoracic
movement, increasing proprioceptive feedback and stretching
tight structures. The exact nature of what shoulder physiotherapy consists of varies widely in the literature; for example, some
regimes are patient-led, others more therapist-led, while some
are particularly aggressive in terms of provoking pain symptoms.
This has been emphasised by the Cochrane review which stated
that the small sample sizes, variable methodological quality and
heterogeneity in terms of population studied, physiotherapy
intervention employed and length of the follow-up of randomised controlled trials of physiotherapy interventions results in
little overall evidence to guide treatment.97 However, there is
evidence to support the use of some interventions in speciﬁc

cases,98 99 while physiotherapy has compared favourably with
surgery in some trials.100 Stretching of the posteroinferior
shoulder capsule is an effective treatment for shoulder pain in
athletes with an associated internal rotation deﬁcit.101 In this
particular example the mechanisms behind the pain, the role of
capsular receptors and the reason for pain improving with
stretching remain unclear. Physiotherapy and activity modiﬁcation frequently overlap, for example if pain is felt to be related
to overuse then a reduction in activity levels may be followed by
a supervised structured programme of rehabilitation. In some
instances the individual may wish to accept that certain activities
are no longer possible or that living with a certain level of pain
is acceptable, this decision is often made having discussed all
available treatment options with their physiotherapist, doctor or
surgeon.

Surgery
Many of the surgical treatments of shoulder pain involve
attempting to switch off the peripheral environmental triggers
of pain by attempting to ‘ﬁx’ the underlying ‘causal’ pathological process. Deﬁning a causal pathological process is not
always straightforward and this has been emphasised by the confusion surrounding the diagnosis and management of ‘impingement syndrome’.69 70 There remains a lack of high-quality
evidence showing that surgery is effective in rotator cuff disease,
for example102; the heterogeneous nature of patient groups and
treatment methods make it hard to draw ﬁrm conclusions.103
The Cochrane review of surgery for glenohumeral osteoarthritis
stated that there was a need for studies comparing shoulder
surgery to sham, placebo and other non-surgical treatment
options; the ethical and logistical difﬁculties conducting a trial
that compared shoulder arthroplasty with sham surgery would
be considerable. There is emerging evidence that certain surgical
treatments such as rotator cuff repair result in signiﬁcant sustained beneﬁts in terms of pain and function.104 Certainly more
large, high-quality randomised controlled trials are needed to
answer these questions surrounding the effectiveness of surgery
in speciﬁc shoulder pathologies.
The role of central sensitisation in shoulder pain has recently
been explored in relation to ‘impingement syndrome’ and
outcome after SAD.38 Patients with higher levels of punctate
hyperalgesia and/or referred pain (features demonstrative of
central sensitisation) did signiﬁcantly worsen in terms of postoperative outcome. Central sensitisation has also been demonstrated in patients with hip and knee osteoarthritis.105 106
Gwilym et al105 demonstrated increased activity in the PAG
with stimulation of the patient’s skin in the areas of their
referred arthritic pain. Joint arthroplasty can reverse painrelated changes in the thalamus in patients with hip and knee
osteoarthritis, in association with their reduced pain and
increased function following surgery.107 The normalisation of
hyperaesthesia following knee joint arthroplasty has been
demonstrated by Graven-Nielsen et al,37 implying that the
central pain processes are maintained by peripheral input.

DISCUSSION
The effective diagnosis and treatment of shoulder pain relies
not only upon a detailed knowledge of the peripheral pathologies that may be present in the shoulder, but also a comprehensive understanding of how pain can be generated, propagated
and modiﬁed in the human body. Human pain processing
involves a far higher degree of neuronal plasticity than previously thought. Therefore, the location of receptors and the
types of receptor present in the shoulder are of key importance
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in explaining this dynamic interaction between peripheral pathology and pain generation. However, there is still a long way to
go in terms of fully understanding the variable relationship
between peripheral pathology and perceived pain.
Our enhanced understanding of the molecular mechanisms
involved in rotator cuff disease is resulting in the development
of new treatment, for example the use of drugs and scaffolds to
augment rotator cuff tendon repair.108 The role of the nervous
system and speciﬁc neuropeptides in shoulder pain is still emerging, but undoubtedly furthering our understanding in this
complex area has the potential to unlock some very powerful
new diagnostic and therapeutic techniques. Genetic testing, biomarker measurement (both serum and peripheral) and painrelated bedside clinical tests are all examples of methods which
can potentially be used to aid diagnosis and guide therapeutics.
As the genetic component of shoulder pain is unravelled it may
even be possible to determine which patients are particularly
predisposed to problems so that they could be targeted with
preventative treatments.
One new avenue for treatment is the pharmacological
manipulation of the nervous system to modify the perception of
pain. This may be performed peripherally, centrally or by a combination of the two. The early results of anti-NGF treatment of
pain in knee osteoarthritis showed promise before trails were
abandoned owing to serious neuropathic complications,109
demonstrating both the potential beneﬁts and the pitfalls of new
analgesic pharmacotherapies. SP has been implicated in the
pathogenesis of tendinopathy in animal models110 111 and in
humans.112 This raises the possibility of using SP antagonism to
treat tendinopathy; in contrast, SP injections have shown an
early promise in an animal model of tendon repair.113
The complex role of neuronal mediators like SP is demonstrated by its positive and negative effects in these studies,
underlining how far we are from a full understanding of the
dynamic role of the nervous system in painful musculoskeletal
conditions. However, as this complexity is unravelled there is
the potential for pharmacological interventions to be used in
isolation or in combination with other treatments such as
physiotherapy and surgery to create a multimodal approach
which addresses all areas ( peripheral and central) contributing
to a patient’s shoulder pain.

9
10

11
12
13
14
15
16

17

18
19
20

21
22

23

24
25
26
27
28
29

30
31

Contributors All authors have contributed to the drafting and ﬁnalisation of the
manuscript.

32

Competing interests The authors of this work are funded by the Musculoskeletal
Biomedical Research Unit of the National Institute for Health Research (BD, SG and
AC), the Jean Shanks Foundation (BD) and the Lord Nufﬁeld Scholarship for
Orthopaedic Surgery (BD).

33
34

Provenance and peer review Not commissioned; externally peer reviewed.

35

REFERENCES
1

2
3
4

5
6
7
8

Descartes R. L’Homme translated by M. Foster in Lectures on the History of
Physiology during the 16th, 17th and 18th centuries. Cambdridge University Press,
1901:1644.
Moayedi M, Davis KD. Theories of pain: from speciﬁcity to gate control. J
Neurophysiol 2013;109:5–12.
Melzack R, Wall PD. Pain mechanisms: a new theory. Science 1965;150:971–9.
Corbett AD, Henderson G, McKnight AT, et al. 75 Years of opioid research: the
exciting but vain quest for the Holy Grail. Br J Pharmacol 2006;147(Suppl 1):
S153–62.
Purves D. Neuroscience. 4th edn. New York: W. H. Freeman; 2007;Chapter 8.
Schaible HG, Grubb BD. Afferent and spinal mechanisms of joint pain. Pain
1993;55:5–54.
Sherrington CS. Observations on the scratch-reﬂex in the spinal dog. J Physiol
1906;34:1–50.
Woolf CJ, Ma Q. Nociceptors—noxious stimulus detectors. Neuron
2007;55:353–64.

10 of 12

36

37

38

39

40
41

Hasan Z, Stuart DG. Animal solutions to problems of movement control: the role
of proprioceptors. Annu Rev Neurosci 1988;11:199–223.
Cooper B, Loughner B, Friedman RM, et al. Parallels between properties of
high-threshold mechanoreceptors of the goat oral mucosa and human pain report.
(0014-4819 (Print)).
Cain DM, Khasabov SG, Simone DA. Response properties of mechanoreceptors
and nociceptors in mouse glabrous skin: an in vivo study. (0022-3077 (Print)).
Freeman MA, Wyke B. The innervation of the knee joint. An anatomical and
histological study in the cat. J Anat 1967;101(Pt 3):505–32.
Hogervorst T, Brand RA. Mechanoreceptors in joint function. J Bone Joint Surg Am
1998;80:1365–78.
Johansson H, Sjolander P, Sojka P. Receptors in the knee joint ligaments and their
role in the biomechanics of the joint. Crit Rev Biomed Eng 1991;18:341–68.
McMahon SaK M. Wall and Melzack’s textbook of pain. Edinburgh: Churchill
Livingstone, 5th edn. 2005.
Berger JV, Dumont AO, Focant MC, et al. Opposite regulation of metabotropic
glutamate receptor 3 and metabotropic glutamate receptor 5 by inﬂammatory
stimuli in cultured microglia and astrocytes. Neuroscience 2012;205:29–38.
Zarpelon AC, Pinto LG, Cunha TM, et al. Endothelin-1 induces neutrophil
recruitment in adaptive inﬂammation via TNFalpha and CXCL1/CXCR2 in mice.
Can J Physiol Pharmacol 2012;90:187–99.
Costigan M, Woolf CJ. Pain: molecular mechanisms. J Pain 2000;1(3
Suppl):35–44.
Mantyh PW, Koltzenburg M, Mendell LM, et al. Antagonism of nerve growth
factor—TrkA signaling and the relief of pain. Anesthesiology 2011;115:189–204.
Ji RR, Samad TA, Jin SX, et al. p38 MAPK activation by NGF in primary sensory
neurons after inﬂammation increases TRPV1 levels and maintains heat
hyperalgesia. Neuron 2002;36:57–68.
Bedi A, Maak T, Walsh C, et al. Cytokines in rotator cuff degeneration and repair.
J Shoulder Elbow Surg 2012;21:218–27.
Voloshin I, Gelinas J, Maloney MD, et al. Proinﬂammatory cytokines and
metalloproteases are expressed in the subacromial bursa in patients with rotator
cuff disease. Arthroscopy 2005;21:1076.
Blaine TA, Kim YS, Voloshin I, et al. The molecular pathophysiology of
subacromial bursitis in rotator cuff disease. J Shoulder Elbow Surg
2005;14(1 Suppl S):84S–9S.
Gotoh M, Hamada K, Yamakawa H, et al. Increased substance P in subacromial
bursa and shoulder pain in rotator cuff diseases. J Orthop Res 1998;16:618–21.
Dean BJF, Franklin SL, Carr AJ. A systematic review of the histological and
molecular changes in rotator cuff disease. Bone Joint Res 2012;1:158–66.
Sandkuhler J. Models and mechanisms of hyperalgesia and allodynia. Physiol Rev
2009;89:707–58.
Treede RD, Meyer RA, Raja SN, et al. Peripheral and central mechanisms of
cutaneous hyperalgesia. Prog Neurobiol 1992;38:397–421.
Ali Z, Meyer RA, Campbell JN. Secondary hyperalgesia to mechanical but not heat
stimuli following a capsaicin injection in hairy skin. Pain 1996;68:401–11.
Koltzenburg M, Torebjork HE, Wahren LK. Nociceptor modulated central
sensitization causes mechanical hyperalgesia in acute chemogenic and chronic
neuropathic pain. Brain 1994;117(Pt 3):579–91.
Cervero F, Laird JM, Garcia-Nicas E. Secondary hyperalgesia and presynaptic
inhibition: an update. Eur J Pain 2003;7:345–51.
LaMotte RH, Thalhammer JG, Robinson CJ. Peripheral neural correlates of
magnitude of cutaneous pain and hyperalgesia: a comparison of neural events in
monkey with sensory judgments in human. J Neurophysiol 1983;50:1–26.
LaMotte RH, Shain CN, Simone DA, et al. Neurogenic hyperalgesia: psychophysical
studies of underlying mechanisms. J Neurophysiol 1991;66:190–211.
Magerl W, Fuchs PN, Meyer RA, et al. Roles of capsaicin-insensitive nociceptors in
cutaneous pain and secondary hyperalgesia. Brain 2001;124(Pt 9):1754–64.
Treede RD, Magerl W. Multiple mechanisms of secondary hyperalgesia. Prog Brain
Res 2000;129:331–41.
Woolf CJ. Central sensitization: implications for the diagnosis and treatment of
pain. Pain 2011;152(3 Suppl):S2–15.
Neugebauer VF, Schaible HG. Evidence for a central component in the
sensitization of spinal neurons with joint input during development of acute
arthritis in cat’s knee. (0022-3077 (Print)).
Graven-Nielsen T, Wodehouse T, Langford RM, et al. Normalisation of widespread
hyperesthesia and facilitated spatial summation of deep-tissue pain in knee
osteoarthritis patients after knee replacement. Arthritis Rheum 2012;64:2907–16.
Gwilym SE, Oag HC, Tracey I, et al. Evidence that central sensitisation is present in
patients with shoulder impingement syndrome and inﬂuences the outcome after
surgery. J Bone Joint Surg Br 2011;93:498–502.
Ziegler EA, Magerl W, Meyer RA, et al. Secondary hyperalgesia to punctate
mechanical stimuli. Central sensitization to A-ﬁbre nociceptor input. Brain
1999;122(Pt 12):2245–57.
Todd AJ. Neuronal circuitry for pain processing in the dorsal horn. Nat Rev
Neurosci 2010;11:823–36.
Cervero F, Laird JM. Mechanisms of touch-evoked pain (allodynia): a new model.
Pain 1996;68:13–23.

Dean BJF, et al. Br J Sports Med 2013;47:1095–1104. doi:10.1136/bjsports-2012-091492

Br J Sports Med: first published as 10.1136/bjsports-2012-091492 on 21 February 2013. Downloaded from http://bjsm.bmj.com/ on January 8, 2023 by guest. Protected by copyright.

Review

42
43

44

45
46
47
48
49
50
51

52
53

54

55

56
57
58
59

60

61

62
63

64
65
66
67
68

69
70

71

72

73

Bailey CH, Giustetto M, Huang YY, et al. Is heterosynaptic modulation essential for
stabilizing Hebbian plasticity and memory? Nat Rev Neurosci 2000;1:11–20.
Tosovsky V, Stryhal F. The conservative treatment of the fractures and dislocations
of the extremities in children. Acta Univ Carol Med Monogr 1986;
111:1–145.
Woolf CJ, Thompson SW. The induction and maintenance of central sensitization is
dependent on N-methyl-D-aspartic acid receptor activation; implications for the
treatment of post-injury pain hypersensitivity states. (0304-3959 (Print)).
Woolf CJ, Costigan M. Transcriptional and posttranslational plasticity and the
generation of inﬂammatory pain. Proc Natl Acad Sci USA 1999;96:7723–30.
Bleakman D, Alt A, Nisenbaum ES. Glutamate receptors and pain. Semin Cell Dev
Biol 2006;17:592–604.
Tracey I, Dickenson A. SnapShot: pain perception. (1097-4172 (Electronic)).
Minaki Y, Yamashita T, Takebayashi T, et al. Mechanosensitive afferent units in the
shoulder and adjacent tissues. Clin Orthop Relat Res 1999:349–56.
Backenkohler U, Halata Z, Strasmann TJ. The sensory innervation of the shoulder
joint of the mouse. Ann Anat 1996;178:173–81.
Guanche CA, Noble J, Solomonow M, et al. Periarticular neural elements in the
shoulder joint. Orthopedics 1999;22:615–17.
Hashimoto T, Hamada T, Sasaguri Y, et al. Immunohistochemical approach for the
investigation of nerve distribution in the shoulder joint capsule. Clin Orthop Relat
Res 1994:273–82.
Solomonow M, Guanche C, Wink C, et al. Mechanoreceptors and reﬂex arc in the
feline shoulder. J Shoulder Elbow Surg 1996;5(2 Pt 1):139–46.
Tarumoto R, Murakami M, Imai S, et al. A morphometric analysis of protein gene
product 9.5-, substance P-, and calcitonin gene-related peptide immunoreactive
innervation in the shoulder joint of the Japanese macaque. J Shoulder Elbow Surg
1998;7:522–8.
Backenkohler U, Strasmann TJ, Halata Z. Topography of mechanoreceptors in the
shoulder joint region—a computer-aided 3D reconstruction in the laboratory
mouse. Anat Rec 1997;248:433–41.
Maass S, Baumann KI, Halata Z. Topography of corpuscular mechanoreceptors
in the shoulder joint region of monodelphis domestica. Anat Rec
2001;263:35–40.
Ide K, Shirai Y, Ito H. Sensory nerve supply in the human subacromial bursa.
J Shoulder Elbow Surg 1996;5:371–82.
Soifer TB, Levy HJ, Soifer FM, et al. Neurohistology of the subacromial space.
Arthroscopy 1996;12:182–6.
Tomita Y, Ozaki J, Sakurai G et al. Neurohistology of the subacromial bursa in
rotator cuff tear. J Orthop Sci 1997;2:295-300.
Alpantaki K, McLaughlin D, Karagogeos D, et al. Sympathetic and sensory neural
elements in the tendon of the long head of the biceps. J Bone Joint Surg Am
2005;87:1580–3.
Singaraju VM, Kang RW, Yanke AB, et al. Biceps tendinitis in chronic
rotator cuff tears: a histologic perspective. J Shoulder Elbow Surg
2008;17:898–904.
Tosounidis T, Hadjileontis C, Georgiadis M, et al. The tendon of the long head of
the biceps in complex proximal humerus fractures: a histological perspective. Injury
2010;41:273–8.
Elser F, Braun S, Dewing CB, et al. Anatomy, function, injuries, and treatment of
the long head of the biceps brachii tendon. Arthroscopy 2011;27:581–92.
Konttinen YT, Santavirta S, Paavolainen P, et al. Immunoreactive neuropeptide
nerves in ligamentous tissue in chronic shoulder pain. Arch Orthop Trauma Surg
1992;111:341–4.
Tamai M, Okajima S, Fushiki S, et al. Quantitative analysis of neural distribution in
human coracoacromial ligaments. Clin Orthop Relat Res 2000:125–34.
Wrete M. The innervation of the shoulder-joint in man. Acta Anat
1949;7:173–90.
Gardner E. The innervation of the shoulder joint. Anat Rec 1948;102:1–18.
Aszmann OC, Dellon AL, Birely BT, et al. Innervation of the human shoulder joint
and its implications for surgery. Clin Orthop Relat Res 1996:202–7.
Hegedus EJ. Which physical examination tests provide clinicians with the most
value when examining the shoulder? Update of a systematic review with
meta-analysis of individual tests. (1473-0480 (Electronic)).
Lewis JS. Rotator cuff tendinopathy/subacromial impingement syndrome: is it time
for a new method of assessment? Br J Sports Med 2009;43:259–64.
Papadonikolakis A, McKenna M, Warme W, et al. Published evidence relevant to
the diagnosis of impingement syndrome of the shoulder. J Bone Joint Surg Am
2011;93:1827–32.
Yamashita T, Minaki Y, Takebayashi T, et al. Neural response of mechanoreceptors
to acute inﬂammation in the rotator cuff of the shoulder joint in rabbits. Acta
Orthop Scand 1999;70:137–40.
Hegedus EJ, Goode A, Campbell S, et al. Physical examination tests of the
shoulder: a systematic review with meta-analysis of individual tests. Br J Sports
Med 2008;42:80–92; discussion 92.
Litcher-Kelly L, Martino SA, Broderick JE, et al. A systematic review of measures
used to assess chronic musculoskeletal pain in clinical and randomized controlled
clinical trials. J Pain 2007;8:906–13.

74
75
76

77
78
79

80
81

82
83
84
85
86
87

88

89
90
91

92

93

94

95

96
97
98

99

100

101
102
103

104

Dean BJF, et al. Br J Sports Med 2013;47:1095–1104. doi:10.1136/bjsports-2012-091492

Harvie P, Pollard TC, Chennagiri RJ, et al. The use of outcome scores in surgery of
the shoulder. J Bone Joint Surg Br 2005;87:151–4.
Walker JG, Littlejohn GO. Measuring quality of life in rheumatic conditions. Clin
Rheumatol 2007;26:671–3.
Freynhagen R, Baron R, Gockel U, et al. painDETECT: a new screening
questionnaire to identify neuropathic components in patients with back pain. Curr
Med Res Opin 2006;22:1911–20.
Colloca L, Benedetti F. Placebos and painkillers: is mind as real as matter? Nat
Rev Neurosci 2005;6:545–52.
Eippert F, Bingel U, Schoell ED, et al. Activation of the opioidergic descending
pain control system underlies placebo analgesia. Neuron 2009;63:533–43.
Bingel U, Wanigasekera V, Wiech K, et al. The effect of treatment expectation on
drug efﬁcacy: imaging the analgesic beneﬁt of the opioid remifentanil. Sci Transl
Med 2011;3:70ra14.
Enck P, Benedetti F, Schedlowski M. New insights into the placebo and nocebo
responses. Neuron 2008;59:195–206.
Cepeda MS, Berlin JA, Gao CY, et al. Placebo response changes depending on the
neuropathic pain syndrome: results of a systematic review and meta-analysis. Pain
Med 2012;13:575–95.
Johnson AG. Surgery as a placebo. Lancet 1994;344:1140–2.
Vargas-Schaffer G. Is the WHO analgesic ladder still valid? Twenty-four years of
experience. Can Fam Physician 2010;56:514–17, e202–5.
Graham GG, Scott KF. Mechanism of action of paracetamol. Am J Ther
2005;12:46–55.
Allen S. Pharmacotherapy of neuropathic pain. Contin Educ Anaesth Crit Care Pain
2005;5:134–7.
Dray A. Neuropathic pain: emerging treatments. Br J Anaesth 2008;101:48–58.
Romundstad L, Breivik H, Niemi G, et al. Methylprednisolone intravenously 1 day
after surgery has sustained analgesic and opioid-sparing effects. Acta Anaesthesiol
Scand 2004;48:1223–31.
Shah N, Lewis M. Shoulder adhesive capsulitis: systematic review of
randomised trials using multiple corticosteroid injections. Br J Gen Pract
2007;57:662–7.
Gruson KI, Ruchelsman DE, Zuckerman JD. Subacromial corticosteroid injections.
J Shoulder Elbow Surg 2008;17(1 Suppl):118S–30S.
Buchbinder R, Green S, Youd JM. Corticosteroid injections for shoulder pain.
Cochrane Database Syst Rev 2003(1):CD004016.
Jeske HC, Kralinger F, Wambacher M, et al. A randomized study of the
effectiveness of suprascapular nerve block in patient satisfaction and outcome after
arthroscopic subacromial decompression. Arthroscopy 2011;27:1323–8.
Dahan TH, Fortin L, Pelletier M, et al. Double blind randomized clinical trial
examining the efﬁcacy of bupivacaine suprascapular nerve blocks in frozen
shoulder. J Rheumatol 2000;27:1464–9.
Shanahan EM, Ahern M, Smith M, et al. Suprascapular nerve block (using
bupivacaine and methylprednisolone acetate) in chronic shoulder pain. Ann Rheum
Dis 2003;62:400–6.
Gofeld M, Restrepo-Garces CE, Theodore BR, et al. Pulsed radiofrequency of
suprascapular nerve for chronic shoulder pain: a randomized double-blind active
placebo-controlled study. Pain Pract 2013;13:96–103.
Guerra de Hoyos JA, Andres Martin Mdel C, Bassas y Baena de Leon E, et al.
Randomised trial of long term effect of acupuncture for shoulder pain. Pain
2004;112:289–98.
Green S, Buchbinder R, Hetrick S. Acupuncture for shoulder pain. Cochrane
Database Syst Rev 2005(2):CD005319.
Green S, Buchbinder R, Hetrick S. Physiotherapy interventions for shoulder pain.
Cochrane Database Syst Rev 2003(2):CD004258.
Carette S, Moffet H, Tardif J, et al. Intraarticular corticosteroids, supervised
physiotherapy, or a combination of the two in the treatment of adhesive
capsulitis of the shoulder: a placebo-controlled trial. Arthritis Rheum
2003;48:829–38.
Walther M, Werner A, Stahlschmidt T, et al. The subacromial impingement
syndrome of the shoulder treated by conventional physiotherapy, self-training, and
a shoulder brace: results of a prospective, randomized study. J Shoulder Elbow
Surg 2004;13:417–23.
Haahr JP, Ostergaard S, Dalsgaard J, et al. Exercises versus arthroscopic
decompression in patients with subacromial impingement: a randomised,
controlled study in 90 cases with a one year follow up. Ann Rheum Dis
2005;64:760–4.
Braun S, Kokmeyer D, Millett PJ. Shoulder injuries in the throwing athlete. J Bone
Joint Surg Am 2009;91:966–78.
Coghlan JA, Buchbinder R, Green S, et al. Surgery for rotator cuff disease.
Cochrane Database Syst Rev 2008(1):CD005619.
Coghlan JA, Forbes A, McKenzie D, et al. Efﬁcacy of subacromial ropivacaine
infusion for rotator cuff surgery. A randomized trial. J Bone Joint Surg Am
2009;91:1558–67.
Galatz LM, Griggs S, Cameron BD, et al. Prospective longitudinal analysis of
postoperative shoulder function: a ten-year follow-up study of full-thickness rotator
cuff tears. J Bone Joint Surg Am 2001;83-A:1052–6.

11 of 12

Br J Sports Med: first published as 10.1136/bjsports-2012-091492 on 21 February 2013. Downloaded from http://bjsm.bmj.com/ on January 8, 2023 by guest. Protected by copyright.

Review

105

106
107

108

109

Gwilym SE, Keltner JR, Warnaby CE, et al. Psychophysical and functional imaging
evidence supporting the presence of central sensitization in a cohort of
osteoarthritis patients. Arthritis Rheum 2009;61:1226–34.
Arendt-Nielsen L, Nie H, Laursen MB, et al. Sensitization in patients with painful
knee osteoarthritis. Pain 2010;149:573–81.
Gwilym SE, Filippini N, Douaud G, et al. Thalamic atrophy associated with painful
osteoarthritis of the hip is reversible after arthroplasty: a longitudinal voxel-based
morphometric study. Arthritis Rheum 2010;62:2930–40.
Bedi A, Kovacevic D, Hettrich C, et al. The effect of matrix metalloproteinase
inhibition on tendon-to-bone healing in a rotator cuff repair model. J Shoulder
Elbow Surg 2010;19:384–91.
FDA, et al. Tanezumab—Arthritis Advisory Committee Brieﬁng Document. http://
www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/
ArthritisAdvisoryCommittee/UCM295205.pdf (accessed Feb 2012).

12 of 12

110

111

112

113

Andersson G, Backman LJ, Scott A, et al. Substance P accelerates hypercellularity
and angiogenesis in tendon tissue and enhances paratendinitis in response to
Achilles tendon overuse in a tendinopathy model. Br J Sports Med
2011;45:1017–22.
Backman LJ, Andersson G, Wennstig G, et al. Endogenous substance P production
in the Achilles tendon increases with loading in an in vivo model of
tendinopathy-peptidergic elevation preceding tendinosis-like tissue changes. J
Musculoskelet Neuronal Interact 2011;11:133–40.
Andersson G, Danielson P, Alfredson H, et al. Presence of substance P and the
neurokinin-1 receptor in tenocytes of the human Achilles tendon. Regul Pept
2008;150:81–7.
Carlsson O, Schizas N, Li J, et al. Substance P injections enhance tissue
proliferation and regulate sensory nerve ingrowth in rat tendon repair. Scand J
Med Sci Sports 2011;21:562–9.

Dean BJF, et al. Br J Sports Med 2013;47:1095–1104. doi:10.1136/bjsports-2012-091492

Br J Sports Med: first published as 10.1136/bjsports-2012-091492 on 21 February 2013. Downloaded from http://bjsm.bmj.com/ on January 8, 2023 by guest. Protected by copyright.

Review

