
Abstract

Purpose: the aim of this study was to evaluate the
effectiveness of interposition arthroplasty of the trape-
ziometacarpal (TMC) joint with pyrolitic carbon
implants for the treatment of TMC osteoarthritis.
Methods: we evaluated two groups of patients surgi-
cally treated for TMC osteoarthritis: group 1 (34
patients - 36 TMC joints) treated with PyroDisk
implantation and group 2 (25 patients - 25 TMC
joints) treated with the Pyrocardan implant. All these
patients were clinically evaluated at follow-up using
the DASH score, Mayo Wrist score and VAS pain
score.
Results: the mean follow-up was 42 months in group
1 and 12 months in group 2. Both groups showed
good clinical outcomes in terms of pain relief, range of
motion, and pinch and grasp strength. Revision sur-
gery was needed in only one case in group 1 (2.8%)
and in three cases (12%) in group 2.
Conclusions: prosthetic replacement of the TMC
joint was found to be a good solution for low-demand
patients. However, the PyroDisk could be a good solu-
tion in selected patients (Eaton stage I-III, non-sublu-
xated joint): it provides good pain relief, good range of
motion, good pinch and grasp strength, and stable
results at more than three-years of follow-up.
Level of evidence: Level IV, therapeutic case series.
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Introduction

Trapeziometacarpal (TMC) arthritis is a frequent
pathology; women aged 50 years and over are the most
affected population. Pain at the base of the thumb
associated with loss of strength are the most common
symptoms, leading to limitation in daily activities. 
Several factors lead to TMC arthritis (articular surface
congruity, ligamentous instability), although the exact
cause of the pathology is still unclear.
In the literature there is no consensus on whether arth-
ritis affects mainly the most or the least congruous
joints. Indeed, some authors support the theory that
the least congruous joints deform and wear with adap-
tation to the localized stress (1-3); others argue the
most congruous joints are the ones more affected by
TMC arthritis (4).
Ligaments have a key role in joint stability and dege-
neration, but, once again, there is no consensus in the
literature on which might be considered the most
important in joint stability; some authors consider the
anterior oblique ligament to be the most important (5-
7), while others have stated that the dorsal ligament
complex (dorsolateral ligament and posterior oblique
ligament) has this role (8).
Eaton, in 1987, compiled a classification comprising
four different progressive radiological stages of TMC
osteoarthritis. Even though this classification conti-
nues to be used, its value is limited given that the cli-
nical condition is often not correlated to radiographic
images.
Furthermore, radiological examination does not allow
evaluation of the cartilaginous surface, which is one of
the most important aspects to take into account when
deciding the kind of treatment. Only arthroscopy can
evaluate the condition of the cartilage and ligaments in
order to correctly stage the pathology, but it is an inva-
sive procedure and sometimes difficult to perform (9).
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In the early stages of TMC osteoarthritis, the treat-
ment is non-surgical, based on the use of a cast during
the night, anti-inflammatory drugs (NSAIDs), local
physical therapy, and intra-articular injections of a ste-
roidal product or hyaluronic acid; unfortunately, these
treatments are palliative and often, after an initial
period of remittance of pain, the patient reports a wor-
sening of the symptoms. If all these conservative treat-
ments fail, surgery remains the only possible treat-
ment.
Many surgical treatments are available – trapeziec-
tomy, trapeziectomy and ligament reconstruction,
arthrodesis, arthroscopic resection, metacarpal osteo-
tomy, prosthetic implant arthroplasty – but there is
currently no gold standard. Theoretically, the last of
the above options allows preservation of joint anatomy
and biomechanics (10).
The development of surgical treatment with arthro-
plasty dates back to the 1960s. The first implant used
was the Swanson silicon endoprosthesis (11). Since
this treatment showed poor outcomes and a high rate
of complications, as reported in several studies (12-
15), this procedure was limited to low-demand
patients affected by rheumatoid arthritis (16).
This kind of prosthesis was followed by the develop-
ment of several metal total joint implants (ball-and-
socket prostheses) which showed good results (17).
However, the main problem with these implants was
radiographic loosening of the trapezial component
(18, 19).
In more recent years, to avoid this complication, a new
material was introduced for TMC implants: pyrolitic
carbon. The most important advantage of this inert
material is that it has a module of elasticity similar to
that of cortical bone. Different pyrolitic carbon devi-
ces have been developed and used to treat TMC
osteoarthritis, above all Eaton stages I or II (20, 21),
with good clinical outcomes.
The aim of this study was to clinically evaluate
patients submitted to a surgical treatment for TMC,
namely interposition arthroplasty with pyrolitic
implants, in order to assess the effectiveness of this
kind of treatment in this pathology.

Methods

In this study, we evaluated patients surgically treated
with TMC interposition arthroplasty with pyrolitic

implants from 2007 to 2014 in our Hand Surgery
Unit.
Patients suffering from symptomatic TMC osteoarth-
ritis (pain, disability and loss of strength) for more
than three years were included in the study. The dia-
gnosis of TMC osteoarthritis was confirmed in all
cases by an X-ray of the hand and their TMC
ostheoarthritis was graded using the Eaton scale. All
the patients underwent surgical treatment only after
failure of the conservative approach.
Fifty-nine patients were enrolled in the present study
and divided into two groups.
Group 1 included 34 patients (34 TMC joints trea-
ted) who underwent trapezium replacement with
PyroDisk (Integra Life Sciences, Plainsboro, NJ).
PyroDysk is a non-anatomical interposition implant,
made of pyrocarbon. It is a biconcave disk with a
central hole to allow stabilization with a tendon (Fig.
1). In order to implant PyroDisk a longitudinal skin
incision at the TMC joint is made. Then the radial
artery and the sensory branches of the radial nerve
are identified and protected. After performing the
capsulotomy, a bone resection of the base of the first
metacarpal and of the distal part of the trapezium are
performed.Then, with a specific tool, the space bet-
ween trapezium and the metacarpal bone is prepared
for insertion of the implant. To stabilize the implant
in the joint, a strip of the ulnar part of flexor radialis
carpi is passed through the hole made in the base of
the metacarpal bone, the hole in the PyroDisk and
the hole made in the trapezium. 
Group 2 included 25 patients (25 TMC joints treated)
who underwent trapezium replacement with
Pyrocardan (Tornier, Montbonnot Saint Martin,
France). Pyrocardan is a pyrolitic anatomical interpo-
sition implant (biconcave-shaped) (Fig. 2). The dorsal
approach to the TMC joint is used, since it allows
easier access to and resection of the trapezium
ostheophytes. A minimal bone resection at the base of
the first metacarpal and at the distal part of the trape-
zium is performed. In performing the bone resection,
it must be remembered that the longitudinal axis of
the metacarpal and that of the trapezium have to lie on
the same line (co-axiality of the two bones) and the
line of resection must be perpendicular to this and, at
the same time, must spare the anatomical convexity of
the articular surface of both bones. In this way, the
Pyrocardan can be implanted without the need for a
stabilization system.
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All the patients in both groups were clinically evaluated
using the DASH score and the MayoWrist score; pain
was evaluated using a VAS scale. Furthermore, an X-ray
of the hand was taken at the follow-up evaluation. 

Results

Group 1 included patients with Eaton stage I-III dis-
ease, without first metacarpal subluxation. The mean
age of the group 1 patients was 62 years (range 51-70
years). They had a mean follow-up of 42 months
(range 12-84 months). They recorded a mean VAS
pain score of 3.3, a mean DASH score of 19.2, and  a
mean Mayo Wrist score of 80.6. They showed a 20%
of reduction of strength in the surgically treated joint
compared with the contralateral one. In one case we
had to remove the implant due to persistent pain. In
another patient implant subluxation was observed
although the patient experienced no referred pain or
limitation in daily activities.
Group 2 included patients with Eaton stage I-III dis-
ease, with first metacarpal subluxation. The patients in
this group had a mean age of 55 years (range 50-65
years). They were followed up for an average of 12
months (range 12-24 months). Their average VAS
pain score was 4 and they recorded a mean DASH
score of 22.4 and a mean Mayo Wrist score of 70.5.

Joints S. Odella et al.

Fig. 2. An example of a patient treated with the
Pyrocardan implant.

Fig. 1. Anterioposterior
(A) and lateral (B) radio-
graph of a patient’s hand
treated with the Pyro-
Disk implant.

A

B
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They, too, showed a 20% reduction of strength in the
surgically treated joint compared with the controlate-
ral one. In this group, 12% of the patients were not
satisfied, reporting pain that was worse than before the
surgical treatment; in two cases we had to remove
implant due to persistent pain and stiffness (Fig. 3). 
Furthermore, it has recently emerged that we need to
remove another one. 

Discussion

Surgery for TMC osteoarthritis is the only treatment
able to provide pain relief and restore a good range of
motion and good pinch and grasp strength with stable
results over the years.
However, since there is currently no consensus on the
most suitable surgical treatment, there are different sur-
gical techniques that can be used: trapeziectomy, trape-
ziectomy and ligament reconstruction, arthrodesis,
arthroscopic resection, metacarpal osteotomy, and pro-
sthetic implant arthroplasty. Of all these techniques, the
last one (prosthetic arthroplasty) is the one that can
offer preservation of joint anatomy and biomechanics.
Over the last 50 years, several prostheses have been
developed. The first model was the silicon one by
Swanson (11), which, however, due to a high rate of
complications, was indicated only in patients suffering

from reumathoid arthritis. Therefore, different mate-
rials were used and numerous metal total joint
implants were developed and used for the treatment of
TMC arthritis. The earliest, designed by De la
Caffenière and Aucouturier, was a cemented ball-and-
socket implant with a polyethylene cup inserted in the
trapezium and a cobalt-chromium stem in the first
metacarpal. The main problem with this implant was
radiographic loosening of the trapezial component
(18,19). De Smet et al. (22) reported on 43 arthropla-
sties performed using the De la Caffenière prosthesis:
the patient satisfaction rate was 70% and the patients
showed a good range of motion, although loosening
occurred in 44% of the implants; these authors found
a relationship between younger age and loosening.
In recent years new metal prostheses have been
implanted. Regnard et al. (17) reported on 100
patients treated with a metal bone-and-socket semi-
modular unconstrained cementless hydroxyapatite-
coated prosthesis (Electra). They reported good results
in terms of improvements in strength, range of motion
and pain relief, but observed loosening of the cup,
subsidence and dislocation of the distal component in
15% of cases. Cooney et al. (23) developed a cemen-
ted implant with a metal pedestal with a sphere in the
trapezium, and a polyethylene stem in the first meta-
carpal. The patients showed excellent motion and
pinch strength, but 36% of the implants developed
heterotopic ossifications after surgery and this condi-
tion had an adverse impact on functional outcome. 
In recent years a new material has been used for TMC
implants, namely pyrolytic carbon, a synthetic mate-
rial formed by pyrolysis of a hydrocarbon gas. Since it
has a module of elasticity similar to that of cortical
bone, this material appeared suitable for interposition
arthroplasty. Different implants made from this mate-
rial are available for interposition arthroplasty. 
In our study we used an anatomically shaped one
(Pyrocardan) and a non-anatomically shaped one
(PyroDisk). As reported in the literature (21), we
observed, during the follow-up, good outcomes in
patients treated with PyroDisk, with a low rate of
complications, and particularly of revisions. Indeed,
we had only one case in which the PyroDisk had to be
removed because of persistent pain and functional
impairment.
Even though Iogoe et al. (24) recently reported better
results in patients treated by trapeziectomy than in
ones treated by interposition implant, we believe that

Fig. 3. The radiograph shows incorrect bone resection;
the medial ostheophyte has not been resected and the
implant is too small.
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the PyroDisk is a good solution in selected patients
(Eaton stage I-III disease without subluxation); it pro-
vides good pain relief, a good range of motion, good
pinch and grasp strength, and stable results at more
than three years’ follow-up. Conversely, we had good
outcomes, but a higher rate of complications, when
using Pyrocardan. Even though Bellemere et al. (20)
reported excellent improvements in pain and subjecti-
ve scores with no complications and no need for revi-
sion surgery with this type of implant, we had to
remove the Pyrocardan implant in three cases (12%)
because of persistent pain and functional impairment.
We think that this difference in complication rates
could be due to differences in surgical technique. In
fact, compared with PyroDisk implantation, Pyro -
cardan implantation is more difficult because, in order
to ensure correct load transmission, it demands greater
precision in bone resections (the longitudinal axis of
the first metacarpal must be the same as that of the tra-
pezium, and the resection must spare the anatomical
convexity of the articular surface).
In conclusion, TM arthritis treatment is still a contro-
versial topic. Considering the good outcomes obtained
(pain relief, good range of motion, good pinch and
grasp strength), which were stable over the first three
years of follow-up, and the low rate of complications,
we argue that PyroDisk could be considered, in the
short term, as a valid possibility for treating TMC
osteoarthritis in patients presenting with Eaton stage
I-III disease and a non-subluxated joint. If opting for
a Pyrocardan implant the surgeon must remember
that this prosthesis needs more precise bone resections
to avoid post-operative pain.
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