
 
Protective Effect Of Sensory Denervation In Inflammatory 
Arthritis. (Evidence Of Regulatory Neuro-Immune Pathways In The 
Arthritic Joint) 
David J Kane, John Lockhart, Cameron Mann, Peter V Balint, William Ferrell, and I B McInnes 
 
 

 
 

DISCLAIMER 
The initial version of ARD Online First articles are papers in manuscript form that have 
been accepted and published in ARD Online but they have not been copy edited and not 
yet appeared in a printed issue of the journal. Copy editing may lead to differences 
between the Online First version and the final version including in the title; there may also 
be differences in the quality of the graphics. Edited, typeset versions of the articles may be 
published as they become available before final print publication. 
Should you wish to comment on this article please do so via our eLetter facility on ARD 
Online (http://ard.bmjjournals.com/cgi/eletter-submit/ard.2004.022277v1) 

 
DATE OF PUBLICATION 
ARD Online First articles are citable and establish publication priority. The publication date of 
an Online First article appears at the top of this page followed by the article's unique Digital 
Object Identifier (DOI). These articles are considered published and metadata has been 
deposited with PubMed/Medline. 
 
 
HOW TO CITE THIS ARTICLE 
Kane D J, Lockhart J, Mann C, et al.  Protective Effect Of Sensory Denervation In Inflammatory 
Arthritis. (Evidence Of Regulatory Neuro-Immune Pathways In The Arthritic Joint) Ann Rheum 
Dis Published Online First [date of publication]*. doi: 10.1136/ard.2004.022277 
 
*Replace with date shown at the top of this page - remove brackets and asterisk 
 
 

Online First articles are posted weekly at http://ard.bmjjournals.com/onlinefirst.shtml
 
 
 
 
 
 
 
 

 ARD Online First, published on May 21, 2004 as 10.1136/ard.2004.022277

Copyright Article author (or their employer) 2004. Produced by BMJ Publishing Group Ltd (& EULAR) under licence. 

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.2004.022277 on 21 M
ay 2004. D

ow
nloaded from

 

http://ard.bmj.com/


Protective Effect Of Sensory Denervation In Inflammatory Arthritis.  
(Evidence Of Regulatory Neuro-Immune Pathways In The Arthritic Joint) 
D. Kane PhD, MRCPI, †J.C. Lockhart PhD, P.V. Balint MD PhD, *C. Mann MD, 
FRCP, W.R. Ferrell PhD, FRCP, I.B. McInnes PhD, FRCP. 
Centre for Rheumatic Diseases, University Department of Medicine, 
Glasgow Royal Infirmary, † Biological Sciences, University of Paisley and  * Institute 
of Neurological Sciences, Southern General Hospital, Glasgow, UK. 
 
Address correspondence prior to publication to:  
Dr. David Kane, School of Clinical and Medical Sciences (Rheumatology),  4th Floor, 
Cookson Building, Framlington Place, University of Newcastle-upon-Tyne, 
Newcastle-upon-Tyne, NE2 4HH, UK. 
Tel: 44-191-222 5363, Fax: 44-191-222 5455, e-mail: d.j.kane@ncl.ac.uk   
 
Address reprint requests to: 
Prof. I. B. McInnes,  
Centre for Rheumatic Diseases, University Department of Medicine, 
Glasgow Royal Infirmary, 10 Alexandra Parade, Glasgow G32 2ER, UK. 
Tel: 44-141-211-4687   Fax: 44-141-211-4878 
 
Keywords: 
Psoriatic arthritis, denervation, carigeenan induced arthritis. 

 1

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.2004.022277 on 21 M
ay 2004. D

ow
nloaded from

 

mailto:d.j.kane@ncl.ac.uk
http://ard.bmj.com/


 
Abstract : 
We investigated a direct effect of joint innervation on immune-mediated joint 
inflammation in a patient with psoriatic arthritis (PsA) who developed arthritis 
mutilans in all digits of both hands with the exception of the left 4th finger, which had 
prior sensory denervation following traumatic nerve dissection. Plain radiography, 
ultrasonography and nerve conduction studies of the hands confirmed the absence of 
articular disease and sensory innervation in the left 4th digit. This relationship between 
joint innervation and joint inflammation was investigated experimentally by prior 
surgical sensory denervation of the medial aspect of the knee in 6 Wistar rats in which 
carrageenan-induced arthritis was subsequently induced. Prior sensory denervation – 
with preservation of muscle function - prevented the development of inflammatory 
arthritis in the denervated knee. These observations in human and animal 
inflammatory arthritis suggest that regulatory neuro-immune pathways in the joint are 
an important mechanism that modulates the clinical expression of inflammatory 
arthritis. 
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Clinical Case: 
A 60 year old woman presented with psoriasis since age 16 and PsA since age 45. 
Initial involvement of the right hand had progressed to an inflammatory polyarthritis 
involving small joints of both hands, both knees and dactylitis of toes but without 
spondylitis or sacroileitis. Current medication comprised methotrexate and rofecoxib 
and there were no signs of active synovitis of the hands, either upon clinical 
examination or by laser Doppler imaging (LDI) 1. On examination the patient was 
noted to have established arthritis mutilans of the metacarpophalangeal (MCP), 
proximal interphalangeal (PIP) and distal interphalangeal (DIP) joints of the hands 
with complete sparing of the left 4th digit (Figure 1a). Of note the left palm had been 
lacerated as a child – prior to the onset of skin or joint disease - with consequent nerve 
injury and loss of sensation in the left 4th finger. The left 4th digit was noted to be 
hypoplastic with normal range of active and passive movement but with loss of soft 
touch, pinprick and vibration sensation along the entire digit distal to laceration. 
Investigations were consistent with inactive psoriatic arthritis (Rheumatoid factor 
negative, C-reactive protein < 6, erythrocyte sedimentation rate =1 mm/hr) 
 
Plain radiography of the hand confirmed a symmetrical destructive arthropathy of the 
MCP, PIP and DIP joints with features of bony resorption and periosteal proliferation 
in all digits, but with sparing of the small joints of the left 4th digit (Figure 1b). 
Ultrasonography – a more sensitive measure of joint inflammation and damage - of 
PIP joints in the right and left 4th digits demonstrated proliferative changes in the right 
4th digit but not in the left 4th digit (Figure 1c). Nerve conduction studies confirmed 
the complete absence of sensory innervation in the left 4th digit. On stimulation of the 
4th digit no reproducible sensory responses could be obtained over either the median 
or ulnar nerves on the left side while normal responses were obtained from both the 
median and ulnar nerves on the right (Figure 1d). 
 
Denervation Animal Studies: 
Division of the saphenous nerve in the hind limb of the rat results in partial sensory 
denervation of the knee joint but does not immobilise the joint or lead to motor 
deficits. Synovial inflammatory hyperemia was quantified using transcutaneous laser 
Doppler imaging (Lisca, Sweden) to assess synovial blood flow 2. The sensitivity of 
laser Doppler in assessing synovial perfusion transcutaneously has been previously 
confirmed in both animal 2 and human joints 1. The depilated intact knee joints of 
deeply anaesthetised (Sigma UK; 1.6 g/kg urethane I.P.) male Wistar rats (n = 4) were 
scanned following “sham denervation” (surgical skin incision but nerve left intact) 
and intra-articular injection of 2 % λ-carrageenan and 4 % kaolin (w/v; Sigma). The 
increased colouration of the left hand panels in Figure 2a demonstrates the developing 
inflammatory hyperemia over a 6 h period, a vascular response notably absent in a 
parallel group of rats (n = 6) in which the medial aspect of the knee joint had been 
surgically denervated by resection of the proximal saphenous nerve 1 week earlier 
(Figure 2a: right hand panels). Furthermore, the substantial knee joint swelling 
(assessed using callipers) evident in sham-operated animals (Fig 2b,c) was greatly 
attenuated in denervated knees (Fig 2b,c). 
 
Discussion: 
While it is possible that the clinical findings in this patient with PsA are a co-
incidental observation, a number of reports suggest otherwise. A patient with a 
longstanding hemiplegia who subsequently developed psoriasis and arthritis on the 
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non-hemiplegic side but not the hemiplegic side has been reported 3. The mechanism 
of joint sparing was postulated to have been related to either sensorimotor denervation 
of the hemiplegic side or to a lack of joint movement and stressing subsequent to the 
hemiplegia. In a second case, sparing of DIP joint disease and nail dystrophy in a 
partially denervated digit was reported in a patient with chronic PsA 4. In this, clinical 
examination confirmed that the joint was moving normally and that there was partial 
sensory denervation involving a small area on the lateral and distal aspect of the digit. 
In our patient’s case the nerve supply to the left 4th digit was further detailed using 
nerve conduction studies that confirmed the complete absence of sensory conduction 
with normal motor function of the digit. Taken together these studies suggest that 
sensory denervation – and not joint immobility following motor nerve damage – 
inhibits the expression of inflammatory joint disease in psoriatic arthritis. 
 
Animal and human studies provide further evidence of the influence of sensory 
innervation on synovial inflammation. Human rheumatoid arthritis (RA) synovium 
expresses markers of increased sensory innervation (substance P expression) and 
decreased sympathetic innervation (tyrosine hydroxylase expression) when compared 
to osteoarthritic (OA) synovium 5. Whether these changes develop before or after the 
onset of synovial inflammation is not known though studies of synovial innervation in 
the adjuvant arthritis model suggest that increased synovial nerve fibre activation and 
degeneration occurs after the onset of arthritis 6. In the case of the patient with PsA 
and hemiplegia, synovial fluid levels of substance P were reduced in the knee on the 
hemiplegic side despite abundant synovial membrane substance P expression in both 
knees. One interpretation of this is that substance P release by sensory nerves in the 
synovium is inhibited by denervation and substance P release may be an important 
factor in promoting the clinical expression of inflammatory arthritis in PsA.  
 
Capsaicin - trans-8-methyl-N-vanillyl-6-nonenamide - depletes substance P in small 
unmyelinated type C sensory neurons and systemic administration of capsaicin in the 
adjuvant arthritis guinea pig and rat models produces partial generalised sensory 
denervation and attenuation – but not prevention – of macroscopic joint inflammation, 
radiological damage and synovial infiltration by T-lymphocytes 7. However, systemic 
administration of capsaicin does not selectively target articular nerves and anti-
inflammatory and other toxic effects may be mediated by the action of capsaicin at 
non-articular sites. As the development of PsA had been prevented in our patient by 
sensory denervation we proceeded to test this hypothesis by investigating the effect of 
localised surgical selective sensory denervation of the knee in an animal model of 
acute inflammatory arthritis. This confirmed that prior sensory denervation attenuated 
acute joint inflammation – known to be mediated via complement activation of the 
alternate pathway - in the carageenan induced animal model. 
 
This report highlights a mechanism whereby clinical expression of PsA – a chronic 
auto-immune disorder - is attenuated by sensory denervation of the articular tissues. 
Futhermore prior sensory denervation in the carageenan induced arthritis model 
prevents acute inflammation. The relationship between the expression of synovial 
inflammation and synovial innervation is highly complex and a number of nerve 
growth factors and neuropeptides are upregulated in the inflamed synovium 8. 
Surgical sensory denervation is a non-specific method of reducing the release of these 
factors in the joint and clearly could not constitute an acceptable form of anti-
inflammatory therapy. However, this report provides evidence that the elucidation and 
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specific modulation of intra-articular innervation and neuropeptide release represents 
a novel and unutilised therapeutic approach in suppressing joint inflammation in PsA. 
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Legend for Figures 
 
Figure 1:  
 
a) There is swelling and deformity affecting the most of the distal (DIP) and proximal 
interphalangeal (PIP) joints of both hands. The left 4th digit is hypoplastic and has no 
evidence of joint inflammation or deformity. 
 
b) Plain radiography demonstrates typical erosive joint damage and periostitis of 
psoriatic arthritis. The changes are most marked in the DIP joints and to a lesser 
extent in the PIP joints. 
 
c) High resolution ultrasound of the left 4th PIP joint shows the clear bony outlines of 
the palmar aspects of the proximal phalanx (PP), PIP joint (PIPJ) an middle phalanx 
(MP) with the flexor tendon (FT) overlying. On the right, bony proliferation is present 
proximal (**) and distal to the PIP 4th joint. 
 
d)  Orthodromic nerve conduction studies from the right and left hands: From both 
hands stimulation of the 5th digit produced a normal ulnar sensory response. 
Stimulation of the right 4th digit produced a normal ulnar and median response. 
Stimulation of the left 4th digit produced no ulnar or median sensory response. In both 
hands stimulation of the 3rd digit produced a normal median sensory response. All 
waveforms were reproducible. 
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Figure 2 
 
a)  Perfusion images obtained from depilated rat knee joints scanned transcutaneously 
using a near-infrared (830nm) laser Doppler imager. Acute inflammation was induced 
by injection of carrageenan/kaolin in both sham-operated and denervated joints.  
Perfusion (flux) is colour-coded with lowest perfusion in dark blue, and highest in 
red. Inflammatory hyperemia fails to develop in the denervated knee. 
 
b)  At 24 hours following intra-articular carrageenan injection there is marked soft 
tissue swelling of the knee joint of the sham-denervated animal but not in the 
denervated animal. 
 
c) Changes in diameter of the knee joint over 48 hours demonstrate a rapid increase in 
swelling of the knee joint in the sham-denervated animals, maximal at 24 hours, 
compared to minimal change in joint diameter in the denervated animals. T-test with 
Bonferroni correction. 
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