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This study aimed to test the hypothesis that surgical joint denervation produces a significant reduction of synovitis.
A retrospective study of sonographic Doppler images was used to assess synovitic changes in 16 first carpometacarpal joints of 15 
patients (mean age 63.31 +/- 8.20) who had undergone surgical denervation to treat osteoarthritic pain. The paired t-test was used 
to compare Doppler sonographic signal differences between the two time points of pre-operative and at least six months after the 
operation in order to evaluate variations in articular synovitis. To measure the severity of synovitis, a semi-quantitative scoring 
system was used in which the intensity of the synovial blood flow was graded in a four-step scale; 0 meant no flow in the synovi-
um, 1 corresponded to single vessel signals, 2 meant confluent vessel signals in less than half of the area of the synovium, and 3 
showed vessel signals in more than half of the area of the synovium.
A significant difference (P value < 0.0054) was found between the pre-operative and post-operative mean values of joint synovitis 
(1.44 +/- 0.814 vs 0.62 +/- 0.619) with a 95% confidence interval.
This study proposes that denervation of the first carpometacarpal joint, apart from being an effective treatment to improve arthritic 
pain, significantly reduces joint synovitis, which may eventually slow down or even interrupt the progression of osteoarthritis.
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Introduction 
When conservative measures have failed, surgical joint den-

ervation is a well-established procedure for relieving joint pain 
by interrupting neural pathways that transmit the pain message 
from the joint to the brain. This method was first proposed by 
Camitz in 1933 at the hip-joint level by means of a neurotomy 
of the obturator nerve [1]. In 1966, Wilhelm described a tech-
nique for wrist denervation [2], and since then, several proce-
dures based upon the same principles have been described at 
virtually any hand joint [3-7]. 

First carpometacarpal joint denervation is a relatively sim-
ple technique that does not preclude further surgery, such 
as arthrodesis, trapeziectomy, or joint replacement, if the 
results are not satisfactory. Moreover, it does not interfere 
with joint biomechanics or proprioception [8], and its re-
covery time is much quicker than traditional techniques. 
Relative contraindications are joint instability and gross 
deformity. Relevant complications such as Charcot’s joint 
have not been reported yet in the medical literature. For 
these reasons, in our institution it has become the first sur-

gical option for treating painful osteoarthritis in view of its 
satisfactory results. 

Initially its main goal was pain relief. However, to our 
surprise, patients also noticed that other inflammatory signs 
such as swelling, erythema, or increased local temperature 
had subsided or partially improved after treatment. Syno-
vitis is a common finding in osteoarthritic joints and is the 
main cause of pain in these patients. However, it is not con-
stant and may fluctuate in different situations such as exces-
sive physical activity. The absence of pain in patients with 
a diagnosis of osteoarthritis may be explained by the low 
degree of synovitis. Likewise, exacerbations of synovitis 
will cause deterioration of pain. 

To further confirm these incidental findings, we retro-
spectively reviewed and analyzed the possible sonographic 
changes in inflammation and synovitis in sixteen first carpo-
metacarpal joints of fifteen patients who had undergone first 
carpometacarpal joint denervation at our institution over 
a two-year period. The results are discussed in the present 
article together with the principles of neurogenic inflamma-
tion as a possible explanation for the beneficial effects of 
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surgical joint denervation on synovitis and inflammation.
Joint Innervation
 Apart from sympathetic and parasympathetic fibers, in-

nervation of the joints is supplied by primary and accesso-
ry sensory branches that can be both afferent and efferent. 
Primary branches arise from peripheral nerves passing near 
the joint, and accessory branches are given off by intra-
muscular nerves crossing the joint capsule or attached to it. 
Some joints, especially at hand level, also receive a nerve 
supply from cutaneous nerves in the overlying skin. There 
is evidence of innervation of all articular structures such as 
capsule, synovium, ligaments, tendons, bone marrow and 
periosteum [9].

There are two types of nerve fibers, myelinated (> 1µm) 
and unmyelinated (< 1µm). Proprioceptive and nocicep-
tive functions are carried out by myelinated articular A 
and B fibers which supply ligaments and capsule. Capsule 
is also supplied by unmyelinated C fibers that have no-
ciceptive functions. Moreover, synovium is innervated by 
myelinated and unmyelinated fibers that have sympathet-
ic-adrenergic functions and are located around the larger 
blood vessels to control the articular blood flow. Unmyeli-
nated C fibers arise from cell bodies located in the dorsal 
root ganglion and are responsible for pain transmission. 
They are not normally active, as they only fire during tis-
sue damage, either mechanical or chemical, noxious heat 
or inflammation through mediators such as bradykinins, 
prostaglandins, or protons that activate receptors located 
in the joint nerve endings. Apart from a peripheral projec-
tion, these cell bodies have a central projection to the spi-
nal cord, from which they synapse with ascending fibers. 
In response to nerve endings activation, cell bodies man-
ufacture neuropeptides which are transported both cen-
trally and peripherally along the nerve axons and released 
into the joint from the synovial membrane. It is widely 
accepted that transient receptor potential receptor vanil-
loid-1 (TRPV1) and transient potential receptor ankyrin-1 
(TRPA1) expressing primary afferents are the fibers upon 
which neurogenic arthritis is dependent [9]. Hence, affer-
ent fibers can behave as efferent as well. The most relevant 
neuropeptides are substance P and calcitonin gen-related 
peptide (CGRP). Both, as mentioned previously, are re-
leased into the joint by nerve terminals and can cause va-
sodilatation and edema and can stimulate mast cells with 
the release of histamine and other inflammatory media-
tors [10]. In the medical literature, numerous studies were 
found which confirmed that free nerve endings containing 
substance P modulate, or even initiate, inflammation and 
the pain pathway in osteoarthritis [11-24]. In addition, re-
cent studies have demonstrated that Interleukin-6, which is 
increased in the synovial fluid of patients with symptomat-
ic osteoarthritis, causes enhanced release of neuropeptides 
from sensory neurons. Therefore, Inteleukin-6 is not only 

involved in pain generation in osteoarthritis, but also in the 
coordination  and  maintenance  of  the  inflammatory  reac-
tion via the nervous system [25, 26].

Materials and Methods
Patients

  In our institution, all patients suffering from osteoarthri-
tis of the first carpometacarpal joint, in addition to radio-
logical examination, undergo routine sonographic imaging 
to assess the degree of synovitis and the likely progression 
of their condition. Patients have plain antero-posterior and 
lateral XR views and also a sonographic Doppler scan of 
the same joint following the first visit and another Doppler 
scan when they are finally discharged after treatment six 
months later.

  For  the  present  study  the  pre-  and  post-operative  ultra-
sound  Doppler  images  of  13  female  and  2  male  patients 
(one  male  had  both  hands  operated)  who  had  undergone 
denervation  of  the  first  carpometacarpal  joint  during  a 
two-year period were retrospectively evaluated and com-
pared. Exclusion criteria were have received intra-articular 
steroid injections during a six-month period before sono-
graphic examination in order to avoid interference with the 
degree of joint synovitis.

  Diagnoses  of  osteoarthritis  were  confirmed  using  the 
American College of Rheumatology criteria of 1990 [27],
and  post-operative  sonographic  examination  was  carried 
out in all cases at least six months after the operation when 
surgical  inflammation  had  subsided.

  The  mean  age  of  participants  was  63.3  years,  ranging 
from 48-76 years with a standard deviation of 8.2 years,
and  the  male:female  ratio  was  2:13.

Methods
Surgical technique

  The same surgical technique through a Wagner approach [4]
was used in all patients and performed by the same surgeon.
This procedure involves the neurotomy of sensory articular 
branches  of  the  first  carpometacarpal  joint. These  branches 
arise from the superficial branch of the radial nerve, lateral 
antebrachial cutaneous nerve, palmar branch of median nerve,
sensory  rami  from  thenar  branch  and  sensory  branch  from 
the deep branch of the ulnar nerve. Patients were routinely 
assessed  two  weeks  after  the  operation  to  have  the  sutures 
removed and start early and gradual mobilization. There were 
no  significant  complications,  and  at  least  six  months  later,
when most post-operative inflammation and scar tissue had 
subsided  and  just  before  discharge,  another  Doppler  sono-
graphic examination had been carried just before discharge.

Image data acquisition
  According to several authors, ultrasound examination of 

joints offers an easy and reliable way to measure soft tissue 
inflammation and progression of osteoarthritis [28, 29].
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To analyze those parameters, a semi-quantitative scoring 
system in which the intensity of the synovial blood flow of 
synovitis is graded in a four-step scale is routinely used in 
our institution [28]. The power Doppler signal is used to 
display the flow signal in the synovium (0 = no flow in the 
synovium, 1 = single vessels signals, 2 = confluent vessel 
signals in less than half of the area of the synovium, 3 = 
vessel signals in more than half of the area of the synovi-
um). Only the strongest pre- and post-operative Doppler 
signals are scored. 

For the present study, the medical records of patients in 
the hospital database who had undergone denervation of 
the first carpo-metacarpal joint during a two-year period 
were reviewed. Doppler ultrasound examination in our in-
stitution was carried out from volar to radio-volar aspect 
of the first carpometacarpal joint by one of the authors, a 
senior Consultant Radiologist, using a Toshiba Xario 200 
ultrasound equipment (Toshiba Medical Systems Corpora-
tion, Otawara, Japan) with a 10MHz linear transducer and 
the same machine Doppler settings for all patients.

Ultrasound joint examination was performed by applying 
light pressure and a large quantity of visible scanning gel 
between the transducer and the skin. Patients were sitting 
in a relaxed and comfortable position with their hands sup-
ported on a soft table. To avoid circadian variations of the 
inflammation, sonographic examinations were performed in 

the morning. Patients were routinely advised to stop taking 
oral anti-inflammatory medication before sonographic ex-
amination so as to prevent masking articular inflammatory 
changes. All sonographies were graded to evaluate Doppler 
signal and the degree of inflammation before the operation 
and at discharge, usually six months postoperatively. 

The paired t-test was used to compare Doppler sono-
graphic signals between the pre-operative stage and at 
least six months after the operation in order to evaluate 
variations in articular synovitis.

Results
Of the study group comprising all 15 patients meeting the 

study criteria, the mean age at time of the operation was 
63.3 +/- 8.2 years. The male: female ratio was 2:13; one 
male patient underwent bilateral surgery. All patients were 
followed up for a minimum period of six months after their 
operations, and before discharge, a final Doppler scan of 
the first carpometacarpal joint was done. Synovitis was 
measured using a semi quantitative scale ranging from 0 
to 3. Other functional outcomes such as pain relief or grip 
strength were not accurately recorded in patients’ medical 
notes. Nonetheless, for the purpose of the present study, 
the focus was placed mainly on inflammatory changes 
rather than symptoms. These results have been included 
in Table 1.

Table 1. Demographic data of patients including gender and dominant hand

Pacient  Gender  Side   Age  Pre-operative Post-operative

  1 F L 51 2 1

2 M L 70 1 1

 3 F L 48 2 0

4 F L 60 1 1

 5 F L 61 1 1

6 F R 69 0 1

7 F R 59 1 0

8 F R 60 1 1

9 F L 71 0 0

10 F L 58 3 0

11 F R 74 2 1

12.left M L 60 2 0

12.right M R 60 2 2

13 F R 76 2 0

14 F L 62 1 0

15 F L 74 2 1

F: female; M: male; L: lefthanded and R: righthanded. The semi-quantitative  pre and post-operative values of joint synovitis range from 0 (no 
synovitis), 1 (sparse non confluent Doppler signals) 2 (confluent Doppelr signals affecting les than 50% of the  scanned joint area)  to 3 (confluent 
Doppler signals affecting more than 50% of the  scanned joint area).
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Doppler signal values before and after denervation of all 
sixteen joints were given a value which ranged from 0 (no 
Doppler signal) to 3 (confluent vessel Doppler signals in 

more than half of the area of the synovium). Descriptive 
statistical indices of the Doppler signal of articular inflam-
mation are shown in Table 2.

Pre- and post-operative measurements had significant  
P values of 0.97480 and 0.99616, respectively, and the de-
cision criteria for both groups fulfilled the requirements 
of normal data distribution. The statistical analysis of the 
sonographic Doppler images of the 16 joints that under-
went surgical denervation showed a significant decrease in 
synovitis from a mean of 1.44 +/- 0.814 to 0.62 +/- 0.619 
(P value< 0.0054).

Discussion
Joint denervation and its influence on neurogenic in-
flammation 
Surgical denervation is a relatively simple technique 
used to treat osteoarthritic pain. It aims to divide articular 
sensory branches from a specific joint in order to inter-
rupt pain transmission. It does not significantly modify 
articular structures, and for this reason further surgery is 
not precluded if results are not satisfactory. Furthermore, 
it does not affect joint biomechanics or proprioception. 
Currently, it is mainly carried out in hand joints, although 
some authors have described denervation techniques in 
other sites such as ankle, knee, elbow, and shoulder [30, 
31]. Synovectomy, likewise, is another mechanism of lo-
cal depletion of sensory nerve terminals that may abol-
ish the release of neuropeptides. This could explain the 
positive effects of the procedure [32]. Based on the same 
principles and in view of its satisfactory results, lumbar 
facet joint radio-frequency denervation has become a 
common option for treating painful degenerative arthri-
tis at spinal facet joint level by means of selectively de-
stroying articular nerve fibers by heat produced by radio 
waves and delivered by an electrode.
Joint denervation, apart from interrupting pain trans-
mission, theoretically may also affect the intra-articular 
release of neuropeptides from sensory nerve terminals. 
These nerve endings participate in joint inflammation 

through synovitis, which has been reported to cause 
chronic joint destruction, leading to degenerative or in-
flammatory arthritis [33-35]. Furthermore, in the med-
ical literature, several striking examples of interaction 
between the nervous system and the inflammatory pro-
cess have been reported: patients who suffered a stroke, 
polio, or syphilis and, later on life, developed systemic 
inflammatory conditions such as rheumatoid or psoriatic 
arthritis or had an atypical disease presentation. Instead 
of the inflammatory symmetry typical of these condi-
tions, only neurologically intact limbs developed joint 
inflammation, demonstrating that denervated joints were 
spared [36-39]. The initial explanation for these cases 
was the lack of mobilization of the affected limb joints, 
which would prevent mechanical wear and tear of the ar-
ticular surfaces. However, recent reports suggest other-
wise [40, 41]. In these striking cases, the spared joints of 
fingers with an old lesion to the digital nerves had been 
mobilized normally, and they were never affected by the 
inflammatory process. Stangenberg et al. successfully 
modelled hemiplegia-induced protection from arthritis in 
some mouse strains [42].
The present study confirms a significant reduction in 
joint synovitis following surgical denervation. This could 
be explained by the intra-articular depletion of inflam-
matory neuropeptides following the neurectomy of artic-
ular sensory branches. Hence, from these premises, it was 
hypothesized that selective division of articular nerves 
could possibly slow down or even interrupt further artic-
ular damage in early osteoarthritic joints, when synovitis 
or inflammation, rather than distorted joint biomechan-
ics, prevail. 
The limitation of the present study is its reduced number 
of patients and we believe that further prospective studies 
with bigger series are needed during longer periods of 
time to confirm this hypotheses.

Table 2. Descriptive statistical indexes of Doppler signal of articular inflammation

Statistical index
Pre-operative Synovitis

(n = 16)

Post-operative synovitis

(n = 16)
Mean

Median

1,44

1,5

0,62

1

Standard deviation 0,814 0,619

Pearson asymmetry -0,195 0,421

Kurtosis -0,208 -0,454

Where 0 means no synovitis, 1 corresponds to sparse non confluent Doppler signals, 2  confluent Doppler signals affecting less than 50% of the  
scanned joint area and 3 confluent Doppler signals affecting more than 50% of the  scanned joint area and 3 for severe synovitis of the joint.
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We think that this model also applies to other joints as 
neurogenic inflammation is a well-recognized pathophys-
iological process that can affect any synovial articulation. 
Conclusion
Surgical denervation of the first carpometacarpal joint, 

apart from improving osteoarthritic pain by interrupting the 
neurological pathways that transmit the signal to the brain, 
significantly reduces articular inflammation and synovitis. 
In the present study the levels of intra-articular neuropep-
tides released by nerve endings, mainly substance P and 
CRGP have not been evaluated but the depletion of these 

neuropeptides could explain the inflammatory changes. 
Further prospective research with bigger series and 

longer follow up periods should be considered in order 
to investigate whether this reduction of inflammation can 
ultimately affect the progression of joint osteoarthritis.
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