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By Dr Magnus Peterson

imaging of pain-associated processes in peripheral tissues
Despite the significant effect chronic soft tissue pain such as tennis elbow 
can have on the sufferer, the basic pathophysiologic mechanisms underlying 
such pain are only very poorly understood. In addition, there are currently no  
satisfactory methods for the precise localization of pain in peripheral tissues. 

This article describes the basic  biochemistry of the Substance P - 
Neurokinin 1  (NK1) receptor system and summarizes the findings of a 
recent study using  a PET radioligand specific for the NK1 receptor to identify 
chronic pain. 

The results show the potential of the approach, which should be confirmed 
by larger confirmatory studies. 

BACKGRound
Chronic pain is a major problem and results in  considerable 
economic costs both for society in general and for the person 
concerned not to mention the suffering of the individual. 

According to the epidemiological survey ‘Pain In Europe’, 
the economic costs of pain have been estimated to be 
approximately 2.5% of gross domestic product annually in 
direct and indirect costs [1]. 

Musculoskeletal pain is the most common type of pain 
and constitutes one of the most common reasons for con-
sultation in health care. However currently there are no 
effective diagnostic methods for the localization of pain 
from soft tissues (e.g. pain from muscles, tendons, ligaments 
and tendons). Likewise there are no effective methods for 
demonstrating the pathological mechanisms underlying or 
giving rise to such pain. Imaging modalities such as MRI and 
ultrasound may show disrupted tissue or edema but do not 

explain the underlying pathophysiology of pain. This may, at 
least partly, explain why there are no effective treatments tar-
geting the basic pathophysiological mechanisms of chronic 
soft tissue pain. Current treatments are mostly empirical and 
often poorly evaluated. 

Consequently the development of reliable methods for 
the detection of the physiological processes associated with 
soft tissue pain would be of great value, both for the chrac-
terisation of underlying pathophysiological mechanisms and 
their localization.

A collaborative study between Uppsala University and 
the PET center at the Akademiska University Hospital in 
Uppsala, Sweden  has  yielded promising results in this area, 
and has shown that the physiological processes associated 
with pain can be depicted in soft tissue using positron emis-
sion tomography (PET) in patients with sprained neck (also 
known as whiplash) [2], sprained ankle [3] and chronic tennis 
elbow [4].

These finding open up new opportunities for both diag-
nosis and treatment.

iMAGinG oF pAin-AssoCiAtEd pRoCEssEs 
In a recent study in subjects with chronic unilateral tennis 
elbow, positron emission tomography (PET) scans using the 
neurokinin 1 (NK1)  specific radioligand [11C]GR205171 
showed significantly higher voxel volume and signal intensity 
in the affected arm as compared to the unaffected arm [4]. 

So far, the radioligand [11C]GR205171 has, in human 
beings, only been used for studying the CNS, where it shows 
high affinity for the NK1 receptor and is characterized by a 
very slow dissociation from the receptor. Relatively few imag-
ing studies have investigated the NK1 system in the human 
central nervous system (CNS) and, it appears that no imag-
ing studies of tissue outside the CNS have been performed 
using PET with an NK1 receptor specific radioligand.
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Tennis elbow (TE), i.e. pain from the 
common extensor tendon on the lateral 
epicondyle,  is relatively common, with 
a prevalence of 1-3% in the popula-
tion. The etiology, pathophysiology and 
healing mechanisms of tendon disor-
ders are only partly known. The cause 
of pain in chronic tendon disorders is 
mostly unknown. Initial overuse causes 
inflammation in the affected tissue. This 
acute inflammation, through the action 
of macrophages and mast cells, causes 
release of inflammatory mediators, which 
activate peripheral nociceptive neurons. 
In the chronic stage (symptoms lasting 
more than 3 months), inflammatory cells 
are essentially absent and are replaced 
by signs of degeneration in the tissue. 
Samples  of tissue taken at this stage of 
the disease indicate increased amounts of 
neural fibers and transmitters, including 
substance P [5, 6]. The first neuropeptide 
to be discovered, substance P belongs to 
the group of peptides known as tachy-
kinins. It is widely distributed in the 
central and peripheral nervous systems. 
There is evidence that substance P is not 
only involved in the nociceptive pathway 
but also contributes to local neurogenic 
inflammation [7]. 

The primary receptor for substance P 
is the neurokinin 1 (NK1) receptor. It has 
been shown that, in response to periph-
erally induced inflammation,  the level 

of NK1-receptor mRNA increases sig-
nificantly in the dorsal horn as well as in 
peripheral tissue [8]. An increase in the 
number of NK1 receptors has been docu-
mented in chronically painful tendon tis-
sue [6]. 

The NK1 receptor received consider-
able scientific attention a decade or so ago, 
as animal models suggested that blockage 
of the NK1 receptor could reduce chronic 
pain. Clinical studies of NK1 blockage in 
humans, however, showed little effect on 
pain and further research was halted.

The current study investigated the 
amounts of NK1-receptors in the pain-
ful arm of subjects with unilateral chronic 
tennis elbow before and after treatment 
under a three-month graded exercise 
protocol. The unaffected arm was used as 
control. Graded exercise has been shown 
to reduce pain in chronic tendon disorders 
in several previous studies [9].

dAtA AnAlYsis
For interpretation of PET data it is 
common to define a region of inter-
est (ROI) in one or a few of the avail-
able tomography planes, where signal 
intensity is measured and compared to 
a reference region. This allows only for 
a limited three-dimensional evaluation 
of the acquired scanner data. Tennis 
elbow affects the extensor muscles of 
the forearm as well as their tendinous 

insertions on the lateral epicondyle. 
This represents an extended three 
dimensional tissue volume, which is 
it difficult to capture by ROI analy-
sis. In addition, in ROI analysis, the 
observer defines the region or volume 
to be compared, which thus makes the 
method subject to observer bias. 

In the current study the image data 
were analyzed according to a non-
observer dependent statistical approach. 
A full description including tutorial, 
source code and imaging data test files is 
available in the online only supplement of 
the original publication [4]. The original 
three-dimensional matrices representing 
radioactivity concentration (signal inten-
sity) and the density maps used to correct 
for attenuation were loaded into ImageJ, 
(a public domain Java image processing 
program developed at the US National 
Institutes of Health). 

An algorithm was constructed in 
which the left and right arms were semi-
automatically located and segmented from 
the density maps. Based on this segmen-
tation, the total number of voxels, their 
mean signal intensity, and the standard 
deviation (SD) of this signal intensity were 
calculated for each arm. The mean signal 
intensity of all voxels in the unaffected 
arm was used as reference.

Theis method of analysis allows com-
parison of the number, volume, and sig-
nal intensity of all voxels above a pre-set 
threshold of signal intensity  and is less 
subjective. The approach  is well suited for 
statistical analysis but however does not 
provide information on the location in the 
tissue. For this, data analysis needs to be 
accompanied by images. 

REsults
The specificity of [11C]GR205171 for NK1 
receptors has already been documented 
[10]. 

In the current study, the PET scans 
revealed a high degree of unilateral and 
localized allocation of the radioligand 
[11C]GR205171.  

Locally increased blood flow, as well as 
the presence of NK1-receptors on endothe-
lial cells of capillaries could explain some of 
the allocation, but the difference in signal 
intensity between the affected and unaf-

FigUre 1. Position in the PET-scanner of the subject with unlilateral chronic tennis elbow.
Written informed consent was given by the subject for the publication of the photograph.
Photograph courtesy of M Peterson.
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fected arms was however so great that it 
is unlikely that increased blood flow is the 
single explanation. Increased amounts of 
substance P and NK1 receptors have been 
found in histological samples of chroni-
cally painful tendon tissue [5, 6]. The focal 
allocation of [11C]GR205171 was there-
fore interpreted as being due to the locally 
increased presentation of NK1 receptors.

There is no evidence of NK1 recep-
tors on peripheral nerve cells but the allo-
cation of [11C]GR205171 may represent 
NK1 expression on non-neural cells such 
as immune and tissue cells. Immune cells 
known to express NK1 receptors are mac-
rophages, mast cells and lymphocytes; tis-
sue cells known to express NK1 receptors 
include tenocytes, fibroblasts, endothelial 
cells and synovial cells [6, 11].

To our knowledge, this is the first dem-
onstration, as visualized by PET, of the 
increased expression over time of NK1 
receptors in peripheral tissue in a chronic 
pain condition. The reason for pain in 
such a condition is still uncertain, but 
central sensitization is well documented 
and is most likely at least part of the cause. 

Based on the findings in the current and 
other studies, it seems likely that there is also 
peripheral pathology, which may at least 

partly be explained by chronic neurogenic 
inflammation consisting of tripartite interac-
tion among the immune cells, tissue cells and 
nerves. This  is different from acute inflam-
mation, which is dominated by inflamma-
tory cells, local edema and increased blood 
flow, but shares the feature of pain. 

The endogenous production and 
release of substance P and other neu-
rotransmitters from peripheral nocicep-
tive neurons creates the prerequisites for a 
vicious circle where mast cells and macro-
phages could be stimulated by substance P 
to release algogenic substances. This may 
at least partly explain the longevity of the 
condition. There is also evidence that sub-
stance P and NK1 receptors are involved 
in cell proliferation and tissue remodelling 
[12], suggesting that the substance P-NK1 
system may be involved in cell-to-cell sig-
nalling other than pain signalling or only 
indirectly related to pain signalling. .

The technique of PET has an as-yet 
unexplored potential in the investiga-
tion of physiological processes associated 
with pain, not only in the CNS but also 
in peripheral tissue [2]. The NK1 specific 
radioligand [11C]GR205171 can be used 
to study the substance P-NK1 system and 
might,  if the current findings are con-

firmed in a larger study population, be 
used to study the NK1-receptor distri-
bution in the CNS, and to relate this to 
abnormalities in peripheral tissue. Other 
tracers could also be developed to study 
other receptor systems involved in chronic 
pain. The combination of PET and the 
newly available technique of functional 
magnetic resonance tomography (fMRI), 
looks particularly promising as a tool for 
detailed anatomical mapping together  
with the study of physiological processes. 

ConClusion
The findings of this study suggest a role 

for the NK1 receptor in peripheral tissue. 
Increased NK1 receptor availability can be 
interpreted as being part of a process that 
could be labelled neurogenic inflamma-
tion. More research is needed to charac-
terize such neurogenic inflammation and 
its relation to pain and tissue remodelling. 
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FigUre 2. PET image of NK1 receptor radioligand [11C]GR205171 in one subject. 
PET images are coronal maximum intensity projections of parametric images. Upper half of the picture shows head 
and arms in one subject. Arrowhead indicates affected arm. Lower half of picture shows anatomical references in 
an unrelated subject. Forearm muscles from top to bottom: a) m. extensor carpi ulnaris, b) m extensor digitorum 
communis, c) m. extensor carpi radialis brevis, d) m. extensor carpi radialis longus. 
Written informed consent was given by the subject for the publication of the photograph. 
Photograph courtesy of M Peterson.


