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 Introduction

The thumb is crucial for a patient’s well-being, 
providing approximately 40% of hand function, 
and over 20% of body function [1]. In turn, this 
function depends on a thumb carpometacar-
pal (CMC) joint that is both stable and mobile, 
allowing for an impressive array of motion. The 
CMC is also tied intimately to the surrounding 
joints, including the trapeziotrapezioid, scapho-
trapezial (ST), scaphotrapezial-trapezoid (STT), 
and trapezium- index metacarpal joints.

 Epidemiology

The thumb CMC joint is the second most com-
mon site of arthritis in the hand (following the 
distal interphalangeal joints), and more com-
monly affects women than men, up to seven times 

as frequently [2]. Like other forms of arthritis, 
it is strongly associated with aging; advancing 
age is the strongest risk factor [3]. At age 75, 
the prevalence of the radiographic thumb CMC 
arthritis in women is at least 40%, compared with 
approximately 25% in men [4]. The severity also 
increases with age, and the prevalence of severe 
arthritis approaches 70% in women older than 
80 years of age [2]. The gender differences may 
be due, in part, to the influence of ligamentous 
laxity and hormones, and less so anatomy [5, 6].

When affected by osteoarthritis, a number of 
treatment options exist, including CMC arthro-
plasty. While this term encompasses a large vari-
ety of procedures, from simple trapeziectomy, 
ligament reconstruction and tendon interposition, 
to prosthetic replacement, the goals remain the 
same: pain relief, motion to perform everyday 
tasks, preventing deformity at adjacent joints, 
and immediate and long-term stability [7].

 Clinical Presentation

Symptoms typically include the insidious onset 
of progressive basilar thumb pain, worse with 
forceful pinch grasp. Physical exam demon-
strates a positive CMC grind test, reproducing 
pain with passive joint motion under axial load; 
this test is quite specific (97%) but not very sen-
sitive (30%). The traction-shift test, in which 
subluxation and relocation reproduces and then 
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lessens pain, is more sensitive (67%) and specific 
(100%) [8]. Tenderness at the CMC joint is com-
mon. A compensatory hyperextension deformity 
of the metacarpal (Z-deformity) may be present, 
especially in longer-standing CMC arthritis with 
limited abduction [9].

 Eaton-Glickel Staging

In addition to the clinical symptoms, thumb 
CMC arthritis may be evaluated radiographi-
cally with the Eaton-Glickel classification sys-
tem [10]. Stage I involves slight joint widening, 
while Stage II progresses to joint space narrow-
ing and adds minimal subchondral sclerosis and 
joint debris <2 mm. Stage III demonstrates sig-
nificant narrowing or obliteration of the joint 
space, along with joint debris >2 mm, sclerotic 
bone, cystic changes, and varying degrees of 
dorsal subluxation. Stage IV includes major 
subluxation, scaphotrapezial joint involvement, 
and significant sclerotic, cystic, and osteophytic 
formation. Although useful for discussion, the 
Eaton-Glickel classification has a poor correla-
tion with symptoms and only poor-to-fair inter-
rater reliability (Table 13.1) [11–13].

 Indications for Surgery

Initial treatment for basilar thumb arthritis is 
conservative, with activity modification, brace 
use, therapy, and oral (or topical) nonsteroidal 
anti- inflammatories [14–17]. If pain continues, 
injections of corticosteroids (or hyaluronic acid, 
although only preliminary data exist) may be 
considered [14, 18–22]. Pain and loss of function 
that is refractory to these conservative measures 
is the relative indication for surgery. Other con-
siderations for the choice of surgical manage-
ment include MCP joint instability and STT joint 
involvement.

 History of CMC Arthroplasty

In 1949, Gervis et  al. recommended simply 
removing the trapezium as treatment for pain-
ful basilar thumb arthritis [23]. One particular 
concern with simple trapeziectomy is the risk 
of metacarpal subsidence, with a potential loss 
of strength and first ray length. Although many 
techniques have subsequently been described 
and have increased in popularity, no one specific 
method had shown to have a convincing clinical 
benefit to justify extra surgical time, morbidity, 
and expense. The simple trapeziectomy is cer-
tainly not perfect, with a loss of strength, but 
does reliably restore motion and decrease pain 
[24]. A number of recent systematic reviews and 
meta- analyses, including a Cochrane Database 
review, showed no superior procedure with 
regard to pain, physical function, motion, or 
global assessment [16, 17, 25–27]. When con-
sidering new designs for CMC arthroplasty, 
simple trapeziectomy may be regarded as the 
standard.

To prevent subsidence, the metacarpal should 
be suspended or supported in some manner. 
Froimson suggested placing a ball of tendon 
(harvested from the forearm) into the space for-
merly occupied by the trapezium [28]. In 1973, 
Eaton described a ligamentous reconstruction, 
using a tendon (again harvested from the fore-
arm) to reconstruct the ligaments between the 

Table 13.1 The Eaton and Littler radiographic staging 
system for basal thumb osteoarthritis

Stage Radiographic findings
I Normal articular contours; slight widening of 

joint space (joint capsule distension)a

II Slight narrowing of joint space; calcific/bony 
debris <2 mm in diameter; minimal sclerotic 
changesa

III Marked joint space narrowing; sclerotic bone 
and cystic changes; varying degrees of 
subluxation; debris >2 mm in diameter; STT 
joint spareda

IV Obliteration of TMCJ as in stage III with STT 
joint narrowing associated with sclerosis and 
cystic changesa

V Pantrapezial arthritisb

From: Berger et al. [12] (with permission)
STT scaphotrapezial trapezoid, TMCJ trapeziometacarpal 
joint
aFrom Wajon et al. [16]
bFrom Tomaino [83]
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first and second metacarpal bases to suspend the 
thumb metacarpal in two planes and reinforce the 
lax volar ligaments [29].

These two ideas were combined in 1986 by 
Burton and Pelligrini, with the ligamentous 
reconstruction and tendon interposition (LRTI) 
procedure, first performing a trapeziectomy, 
and then using a forearm tendon to reconstruct 
the ligament, and finally forming it into a space- 
occupying ball (Fig. 13.1) [30]. This has become 
the most commonly performed method of surgical 
management in the United States and has gener-
ally enjoyed a high rate of satisfaction, good pain 
relief, and minimal subsidence [14]. However, 
there remain concerns about the morbidity of 
tendon harvest, as well as operative time. This 
may also be achieved by a hematoma distraction 
arthroplasty, in which the thumb metacarpal is 
temporarily pinned to the second metacarpal for 
4–6 weeks, and a hematoma is allowed to form 
and consolidate.

The thumb metacarpal may also be sus-
pended through synthetic means. Suture sus-

pensionplasty, in which the flexor carpi radialis 
(FCR) and abductor pollicis longus (APL) ten-
dons are sutured together with nonabsorbable 
suture, has been recently described and popular-
ized and may represent a cost-effective strategy 
to maintain ray length with minimal morbid-
ity [31–33]. Suture- button suspensionplasty, 
using a suture-button implant (i.e., EndoButton, 
Arthrex, Naples, FL), has been another recent 
innovation. By providing a robust mechanism 
for suspending the thumb metacarpal to the 
second metacarpal, this may allow for earlier 
rehabilitation and loading of the joint with less 
subsidence (Fig.  13.2); however, there have 
also been early reports of metacarpal fractures 
through drill holes [34–37].

Management of basilar thumb arthritis does 
not necessarily demand a full trapeziectomy. 
For early-stage disease with normal articular 
surfaces and symptomatic volar ligament laxity, 
an isolated volar ligament reconstruction (using 
FCR or APL) may be appropriate. Arthroscopic 
debridement has shown to improve pain and sat-
isfaction, albeit with no differences in objective 
measures; this technique is relatively new, and 
longer-term follow-up is needed for a full evalu-
ation [38–40]. Metacarpal extension osteotomy, 
which may involve load transfer and dimin-
ished laxity by placing the thumb base in 30° of 
extension, may be useful for patients with mild 
to moderate disease [41, 42]. Arthrodesis of the 
CMC joint may be indicated for young patients 
with significant demands of their hands, such 
as laborers, and should not be used for patients 
with scaphotrapezial arthritis (as this transfers 
axial loading to the scaphotrapezial joint) [25, 
38, 43, 44].

Lastly, a number of prosthetic implants have 
been designed, with varying degrees of success. 
These include interposition-type designs, hemiar-
throplasty, and total joint arthroplasty. Please see 
section “Prosthetic Designs” for further detail. 
A recent systematic review and meta- analysis 
demonstrated a significantly higher incidence 
of failure for implant-based arthroplasties, when 
compared to non-implant procedures (simple tra-
peziectomy, LRTI, fusion) [45].

Fig. 13.1 Schematic representation of ligament recon-
struction with tendon interposition arthroplasty. The 
forces in function producing proximal migration and 
radial subluxation of the metacarpal are neutralized by 
ligament reconstruction as indicated in the vector dia-
gram. Key: a, ligament reconstruction, b, metacarpal 
resurfacing; c, tendon arthroplasty spacer. (From: Burton 
et al. [30] (with permission))
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Fig. 13.2 (a) Clinical photograph. Solid arrow indicates 
suture passer passing through the base of the first metacar-
pal and exiting through the dorsal accessory incision. 
Open arrow indicates the suture button device. (b) 
Cadaveric photograph. Solid arrow indicates the trapezi-
ectomy site. Open arrow indicates the suture button device 

implanted at base of the thumb metacarpal. (c) 
Fluoroscopic image of the suture button device in situ. 
The two stainless steel buttons are secured on the ulnar 
aspect of the second metacarpal diaphysis and the radial 
base of the thumb metacarpal. The radiolucent sutures are 
not visible. (From: Yao et al. [35] (with permission))

A. L. Ladd et al.
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 Anatomy

 Bony Anatomy

The bony anatomy of the thumb CMC joint is 
complex, and although it has been studied and 
admired for thousands of years, novel aspects 
continue to be discovered. Noted by scholars dat-
ing back to Aristotle, the thumb drives prehen-
sion, primarily through opposition [46]. This 
mechanism, which positions the thumb tip oppo-
site the tips of other digits, comprises rotation 
and translation along multiple axes.

The CMC joint has a biconcave-convex (recip-
rocal interlocking saddle) shape, which provides 
little inherent static stability. The articular surfaces 
are also not size-matched; the diameter of the tra-
pezial surface is approximately 34% smaller than 
the metacarpal base diameter [47, 48].

The architecture of the trapezium dictates that 
the axis of the thumb at the CMC joint rests in 
pronation and approximately 80 degrees of flex-
ion (relative to the plan of the finger metacarpals) 
[49]. This position in space optimizes the ability 
of the thumb to perform opposition. The unique 
bony morphology of the thumb allows motion 
including flexion, extension, abduction, adduc-
tion, hitchhiker, circumduction, and opposition. 
Opposition includes a screw-home torque rota-
tion in its final phase, which greatly enhances 
the stability [50]. These motions combine to cre-
ate functional movements, such as power grip, 
power pinch, and precision pinch.

When considering the design of a CMC 
arthroplasty, this balance between a lack of inher-
ent instability and wide range of motion much 
be carefully considered, balancing stability and 
mobility [9]. This may be particularly important 
with prosthetic implants, but also remain impor-
tant concerns when designing a ligamentous 
reconstruction.

 Ligamentous Anatomy

The ligamentous anatomy is critical to the stabil-
ity of the CMC joint. As few as 3 and as many 
as 16 ligaments have been described as primary 

stabilizers of the joint and are generally thicker 
dorsally and thinner volarly (Fig. 13.3) [46, 50, 
51]. Although the volar anterior oblique (“volar 
beak”) ligament was previously thought to be a 
primary stabilizer, more recent studies have dem-
onstrated that this is primarily a capsular struc-
ture, with a mean thickness of 0.71 mm [52].

In contrast, the dorsal deltoid (dorsoradial) 
ligament is comprised of three thicker (mean 
1.85  mm) ligaments, with an ultrastructure of 
grouped collagen bundles, consistent with a role 
of primary stabilizer of the CMC joint [52, 53]. 
Arising from the dorsoradial tubercle of the tra-
pezium and inserting broadly onto the dorsal 
base of the metacarpal, this ligament primarily 
resists dorsal and dorsoradial forces and plays an 
important role in any reconstructive procedure 
(Fig. 13.4). The thumb ulnar collateral ligament 
is extracapsular and acts to prevent volar sublux-
ation of the metacarpal base [47, 52].

The intermetacarpal ligament, running 
between the thumb and index metacarpal, helps 
to stabilize the CMC joint if both the dorsal and 
volar ligament complexes are incompetent. This 

Fig. 13.3 The volar thumb CMC ligaments from a right 
hand, showing the attenuated volar anterior oblique liga-
ment (AOL) and ulnar collateral ligament (UCL), which 
course from the trapezial ridge (Tz) onto the volar base of 
metacarpal 1 (MC1). Also seen are the abductor pollicis 
longus (APL) and the flexor carpi radialis (FCR) tendons, 
as well as the base of metacarpal 2 (MC2). (Courtesy of 
Amy Ladd, MD, and Stanford University, Palo Alto, CA)
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ligament is recapitulated in a ligament recon-
struction or suspensionplasty procedure after a 
trapezium excision, usually a tenodesis between 
the FCR and APL tendons.

Ligament physiology may differ between the 
sexes (unlike the bony morphology) and can be 
affected by systemic pathology. Various studies 
have shown a correlation between joint hyper-
mobility, as with Ehlers-Danlos syndrome, and 
CMC arthritis [54, 55]. Reproductive hormones 
such as relaxin may influence ligamentous lax-
ity (and therefore predispose to ligament attenua-
tion and then arthritis), although this has not been 
fully demonstrated in the CMC joint [56, 57].

 Biomechanics

With the length of the thumb as a lever arm, 
thumb CMC joint experiences a considerable 
amount of force. Compared with the pinch force 
at the thumb tip, the CMC joint undergoes a 
force that is up to 13.4× greater, while the shear 

stresses are 2.5× the applied force [50]. Normal 
grasping activities can have an applied force of 
20 kg, while power grasp may generate a deform-
ing force of 120 kg.

The unique morphology of the CMC joint 
dictates that the mechanical load transmission 
are complex, are dynamic through the range of 
motion, and may change with abnormalities 
of structure (i.e., arthritis) or physiology (i.e., 
hyperlaxity). Cantilever bending produces forces 
that are directed dorsally and radially at the base 
of the metacarpal, which results in shear forces. 
An increased load is borne by the volar surface, 
which correlate to the radiographic, surgical, and 
cadaveric findings of the “cirque” pattern of pref-
erential volar wear [9, 46, 58–64].

 Kinematics

The thumb CMC joint facilitates a variety of 
motions important for day-to-day function. 
The arcs of motion include flexion-extension, 
abduction- adduction, and pronation-supination 
(Fig. 13.5). In healthy adults, key pinch involves 
volar translation of the metacarpal, as well as 
internal rotation, and flexion relative to the dis-
tal trapezial surface. For object grasp, the thumb 
metacarpal progresses through ulnar translation 
of the metacarpal, flexion, and abduction on the 
distal trapezial surface. For each of these tasks, 
it is important to appreciate a coupling of the 
flexion- extension and abduction-adduction arcs; 
extension of the thumb metacarpal is associated 
with adduction, while flexion is associated with 
abduction [9, 63, 65, 66].

During the “screw-home” mechanism in ter-
minal opposition, the dorsal ligament complex 
tightens and the volar ligament complex becomes 
lax, compressing the volar beak of the thumb 
metacarpal into the recess area of the trapezium 
(the pivot point, Fig.  13.6) [50]. Anatomically, 
this compression changes the CMC joint from 
incongruous to congruous and, functionally, from 
unstable to stable. This screw-home mechanism 
is therefore the key to opposition and in turn 
permits such other motions as power pinch, lat-
eral pinch, thumb-to-tip pinch, three-jaw chuck 

Fig. 13.4 The dorsal thumb CMC ligaments from a right 
hand showing the dorsal deltoid ligament complex con-
sisting of the dorsal radial ligament (DRL), dorsal central 
ligament (DCL), and posterior oblique ligament (POL), 
all emanating from the dorsal tubercle of the trapezium 
(Tz). Also seen are the dorsal bases of metacarpal 1 and 2 
(MC1, MC2) and the abductor pollicis longus (APL). 
(Courtesy of Amy Ladd, MD, and Stanford University, 
Palo Alto, CA)

A. L. Ladd et al.
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pinch, power grip, as well as precise touch. Even 
if the volar beak ligament is incompetent, the 
screw- home mechanism remains effective.

In considering the design for a proposed 
arthroplasty, there is an inherent tension between 
range of motion and stability, so the objectives 
must be carefully considered and matched to 
patients’ needs.

 Pathomechanics of Disease

Pathology of the CMC joint is a function of both 
anatomy and pathophysiology. Ligamentous 
laxity of the basal joint leads to abnormal joint 
contact forces and which can result in articular 
damage; this becomes a self-reinforcing cycle.

Recent studies have demonstrated no differ-
ences between the architecture of CMC joints of 
men and women (when corrected for sex-related 
size differences), but have noted that when the 
CMC joint becomes plagued with osteoarthritis, 
its architecture changes in a number of possible 
disparate ways [5, 6, 68]. The “saddle” configura-
tion preserves convexity in the volar-dorsal plane 
and concavity in the radioulnar plane, while the 
“dish” morphology demonstrates eburnation of 
the entire trapezial articular surface (with exten-
sive rimming osteophytes) and is associated with 
a more severe Eaton stage [58, 59]. “Cirque” 
morphology, which demonstrates a concave volar 
slope and variably sized volar osteophytes at the 
metacarpal beak articulation, often shows mini-
mal scaphoid or trapezoidal wear.

These may be distinct pathways, with the nor-
mal saddle shape progressing to either a “saddle” 
end-stage pattern, or progressively to a “dish” 
(concentric wear) or “cirque” (eccentric wear) 
pattern. Alternatively, the normal physiologic 
shape may degrade first to a “cirque” pattern and 
finally to a “dish” [59].

 Prosthetic Designs

Thumb CMC prostheses are conceptually cat-
egorized into a number of groups: total joint 
arthroplasty, hemiarthroplasty, and interposition 
arthroplasty [69]. Within each, there are a variety 
of shapes, materials, and fixation strategies, but 
all pursue the same overall goal: a thumb CMC 
joint that successfully balances mobility with 
stability. Many prosthetic implants have showed 
initial promise, but disappointing longer-term 
results (or unable to be replicated); many devices 
have been removed from the market.

 Total Joint Arthroplasty

With separate trapezial and metacarpal compo-
nents, these implants have a good potential to 
replicate the native biomechanics of the CMC 
joint and possible improved strength compared 
with less anatomic configurations. These are 

ULNAR
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Fig. 13.5 Arcs of motion about the trapezium. (Published 
with kind permission of S.  Hegmann 2014. All Rights 
Reserved)
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typically ball-and-socket designs, with the meta-
carpal stem articulating with the trapezial socket. 
Constrained (linked) implants are more stable, 
but have a higher risk of loosening, as there are 
considerably higher stresses placed on the bone- 
implant interface.

Notable total CMC joint implants include the 
de la Caffiniere prosthesis, a cemented ball-and- 
socket design that is likely the most commonly 
used (Fig.  13.7b). There has been considerably 
study of this prosthesis, and it has enjoyed bet-
ter outcomes when performed for indications 
of pain and instability, rather than stiffness [26, 
70, 71]. However, some series have found unac-
ceptably high rates of loosening (approximately 
40%), with both cemented and noncemented 
options [72]. Other total joint implants include 
the Elektra prosthesis, which has been fairly 
well-studied, although has very high failure rates 
from non- design surgeons [26, 73]. The Braun-
Cutter prosthesis (SBI/Avanta Orthopaedics, San 
Diego, CA) is a cemented ball-and-socket design, 

although with limited results; this maybe reliable 
for use in elderly, low-demand patients [26]. The 
Avanta CMC prosthesis (Stryker, Mahwah, NJ) 
is a resurfacing articulation that aims to replicate 
the anatomy of the saddle joint, with cemented 
cobalt-chrome (CoCr) pegged trapezial and 
UHMWPE metacarpal components [26, 74]. 
There are many other similar designs, but none 
with results that demonstrate consistent safety, 
efficacy, and freedom from loosening/revision 
(Table 13.2); total joint arthroplasty has mostly 
fallen out of favor in the United States [26].

 Hemiarthroplasty

Hemiarthroplasty prosthesis designs are separated 
into anatomic and non-anatomic designs and are 
made in a variety of materials. The NuGrip (for-
merly PyroHemiSphere, Integra LifeSciences, 
Plainsboro Township, NJ) is a  partial trapezial 
resurfacing design, with a stem in the metacarpal, 

Volar Dorsal

DynamicStatic

Trapezium

a b

1st metacarpal

Fig. 13.6 Dynamic force couple. (a) The trapeziometa-
carpal (TM) joint in the static resting position. The volar 
beak of the thumb metacarpal is disengaged from its 
recess in the trapezium, the TM joint space is large, and 
both the volar beak ligament and the dorsal ligament com-
plex are lax. (b) The dynamic TM position of power pinch 
or power grip with screw-home torque rotation, in which 

the dorsal ligament complex tightens, the volar beak liga-
ment becomes even more lax, the TM joint is compressed, 
and the volar beak of the thumb metacarpal is compressed 
into its recess in the trapezium. This forms a dynamic 
force couple that changes the TM joint from incongruity 
and laxity to congruity and rigid stability. (From: Edmunds 
[67] (with permission))

A. L. Ladd et al.
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which articulates with the reamed surface of the 
trapezium (Fig.  13.7a) [26, 69]. These hemiar-
throplasty configurations are inherently less con-
strained than total joint arthroplasties, which may 
improve the rate of trapezial component loosen-
ing with less stress and the bone-implant inter-
face. However, the lesser constraint at the CMC 
articulation may require ligamentous stability, 
and several series have been plagued by metacar-
pal subluxation [69]. The Swanson titanium con-
dylar hemiarthroplasty demonstrated excellent 
results by the design surgeon group, although 
these were not able to be reproduced (Vitale). 
Other examples include the PyroCarbon Saddle 
(Integra LifeSciences, Plainsboro Township, 
NJ) and CMI Carpometacarpal Implant (Wright/
Tornier, Memphis, TN) (Table 13.2).

 Interposition Arthroplasty

Interposition arthroplasty designs seek to main-
tain trapezial height with a synthetic spacer, 
following either a partial or total trapezial resec-
tion. Unconstrained designs following partial 

resection include Pyrocardan (Wright/Tornier, 
Memphis, TN), a biconcave pyrocarbon spacer 
inserted into the CMC joint after minimal resec-
tion. Constrained designs following partial trape-
zial resection include Artelon (SMI, Morristown, 
NJ), a T-shaped biodegradable spacer intended 
to work as both an interposition spacer and an 
augment to the dorsal capsule, to prevent dorso-
radial subluxation of the metacarpal (Fig. 13.8). 
Despite the theoretical benefits of this design, 
longer- term results have shown that patients 
treated with an Artelon were less satisfied and had 
lower grip strength than those treated with LRTI 
[69, 77]. Other interposition prostheses include 
the PyroDisk (Integra LifeSciences, Plainsboro 
Township, NJ), a biconcave disk with a central 
hole to permit stabilization; follow-up remains 
short, and the results have not been shown to be 
convincingly better than the alternatives (LRTI, 
etc.; Table 13.2) [69].

Interpositional arthroplasty designs may also 
be total trapezial replacements, made of varied 
material such as silicone (Swanson,  Wright/
Tornier, Memphis, TN), metallic (TrapEZX, 
Extremity Medical, Parsippany, NJ), and pyrocar-

a b
Fig. 13.7 (a) A 
pyrolytic carbon 
hemiarthroplasty seen 
on posteroanterior 
radiograph at 17 months 
postoperatively. (From: 
Martinez de Aragon 
et al. [75] (with 
permission)). (b) 
Posteroanterior 
radiograph of de la 
Caffiniere prosthesis at 
15 years postoperatively 
revealing loosening of 
both cup and stem with 
dislocation. Note the 
vertical position of the 
metal ring of the cup 
and dislocation of the 
components. Despite the 
radiographic appearance, 
this patient had excellent 
clinical and subjective 
scores. (From: van 
Capelle et al. [76] (with 
permission))
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bon (Pi2, Wright/Tornier, Memphis, TN). These 
may not be traditionally stabilized (although 

some have include suture attachment points), 
but act as a mobile spacer. The various designs 
have had a number of serious issues, includ-
ing silicone synovitis (Swanson) and secondary 
instability, and have generally had poorer results 
when compared with non-implant reconstructive 
procedures (Table 13.2) [69, 72].

 Prosthetic Materials and Fixation

 Materials

Thumb CMC implants are made from a variety 
of materials, including cobalt-chrome (CoCr), 
titanium, pyrocarbon, silicone, and synthetic 
hydrocarbons, each with a particular set of 
advantages and disadvantages. An ideal implant 
material should have excellent biocompatibility, 

Table 13.2 Review of thumb CMC implants and outcomes

Prosthesis
No. of 
implants

Mean 
follow-up 
(mo)

Implant survival at 
last follow-up (%) Complications Study

Elektra 39 48 56 Loosening Klahn et al. 
2013 [84]

ARPE 65 60 94 5 Nonfunctional; 
radiologic cup subsidence 
in 16%

Martin-Ferrero 
2014 [85]

Artelon 32 63 37% Explantation Blount et al. 
2013 [86]

BioPro 143 72 94 6 Revisions Pritchett et al. 
2012 [87]

Ivory prosthesis 22 67 95 1 Revision because of 
polythene wear and 
instability

Goubau et al. 
2013 [88]

Arex615R 68 36 87 8 Implants removed due to 
foreign body reaction

Semere et al. 
2013 [89]

MA1A 74 6 100 6 De Quervain, 1 aseptic 
loosening

Jager et al. 
2013 [90]

Moje arthroplasty 12 50 58 All patients had loosening Kaszap et al. 
2012 [91]

Pi2 18 20 94 6 Implants revised Maru et al. 
2012 [79]

Pyrocarbon spacer 70 24 91 6 Dislocations Szalay et al. 
2013 [92]

PyroDisk 19 68 90 2 Patients had symptomatic 
instability

Barrera-Ochoa 
et al. 2014 [93]

Suture-button 
suspensionplasty

21 34 100 CRPS and index 
metacarpal fracture in 
same patient

Yao and Song 
2013 [94]

CRPS complex regional pain syndrome
From: Baker et al. [74] (with permission)

Fig. 13.8 Artelon spacer in the trapeziometacarpal joint 
in a model. (From: Nilsson et al. [78] (with permission))
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integration with the host bone, wear characteris-
tics (including boundary lubrication and surface 
degradation), and similar mechanical properties 
to the cortical bone. Although metallic designs 
(especially CoCr) are extremely strong and make 
for robust implants, they are many times stiffer 
and stronger than cortical bone, and this modu-
lus mismatch may contribute to local stress con-
centration, implant loosening, and subsidence. 
Pyrolytic carbon, a synthetic material formed by 
the pyrolysis of hydrogen gas, has a stiffness sim-
ilar to cortical bone and may better recapitulate 
the native biomechanical properties of the thumb 
CMC joint [72, 79]. Additionally, pyrocarbon has 
excellent boundary lubrication characteristics, 
derived from the surface adherence of phospho-
lipids. Although the use of pyrocarbon implants 
have been supported by good evidence elsewhere 
in the hand, this has not yet been borne out for 
thumb CMC use [80–82].

Silicone was the original arthroplasty material 
used by Swanson, but its use has been curtailed 
sharply by the development of silicone synovi-
tis, radiographic osteolysis, and frequent need 
for revision surgery [69]. Hydrocarbon materials, 
such as ultrahigh molecular weight polyethylene 
(UHMWPE), Gore-Tex (polytetrafluoroethyl-
ene [PTFE], Gore, Flagstaff, AZ), and Artelon 
(polycaprolactone- based polyurethanurea) have 
been designed with controllable degradation and 
mechanical properties. UHMWPE finds particu-
lar use in bearing surfaces (especially coupled 
with metal), while Gore-Tex and Artelon have 
found more limited applications as spacers, lim-
ited by significant synovitis, foreign body reac-
tions, and osteolysis [16, 25, 69].

 Fixation

Prostheses may be cemented, may be cementless, 
or may have no bony fixation. Cemented designs 
allow for immediate range of motion and weight 
bearing, while cementless designs may allow for 
less bony resection, strong bone-implant inter-
face (with either ingrowth or ongrowth surfaces, 
hydroxyapatite coating, and/or screw fixation), 
and a shorter operative time. The interposi-

tional designs may either be free-floating (i.e., 
Swanson), or constrained (i.e., Artelon), which 
has the theoretical advantage of enhanced stabil-
ity and decreased prosthetic instability [25, 69]. 
Any of the designs may be combined with soft 
tissue procedures to enhance ligamentous stabil-
ity and may use other implants such as suture 
anchors, suture buttons, or staples.

 Conclusion

Thumb CMC arthroplasty aims to recreate the 
balance of the stability and mobility found in 
the native joint, which provides improved func-
tion and pain control. The current gold standard 
for surgical management is trapeziectomy, with 
or without LRTI or suspensionplasty, which pro-
vides reliable pain relief and return of strength. 
Any new arthroplasty technique must improve 
upon these proven methods in order to justify the 
increased risk and cost. Many prosthetic implants 
have been designed, but none have been able to 
successfully improve upon (or even replicate) the 
results of the classic procedures. However, there 
is a paucity of randomized controlled trials to 
compare outcomes between the different inter-
ventions, or even high-quality prospective studies 
examining different techniques.

References

 1. Moran SL, Berger RA.  Biomechanics and hand 
trauma: what you need. Hand Clin. 2003;19(1):17–
31. https://doi.org/10.1016/S0749- 0712(02)00130- 0.

 2. Sodha S, Ring D, Zurakowski D, Jupiter JB. Prevalence 
of osteoarthrosis of the trapeziometacarpal joint. J 
Bone Joint Surg Am. 2005;87(12 I):2614–8. https://
doi.org/10.2106/JBJS.E.00104.

 3. Kalichman L, Hernández-Molina G.  Hand osteo-
arthritis: an epidemiological perspective. Semin 
Arthritis Rheum. 2010;39(6):465–76. https://doi.
org/10.1016/j.semarthrit.2009.03.001.

 4. Haara MM, Heliövaara M, Kröger H, et  al. 
Osteoarthritis in the carpometacarpal joint of the 
thumb. Prevalence and associations with disability and 
mortality. J Bone Joint Surg Am. 2004;86(7):1452–7. 
https://doi.org/10.2106/00004623- 200407000- 00013.

 5. Schneider MTY, Zhang J, Crisco JJ, et  al. Men and 
women have similarly shaped carpometacarpal joint 
bones. J Biomech. 2015;48(12):3420–6. https://

13 Design Considerations for Carpometacarpophalangeal Joint Arthroplasty

https://doi.org/10.1016/S0749-0712(02)00130-0
https://doi.org/10.2106/JBJS.E.00104
https://doi.org/10.2106/JBJS.E.00104
https://doi.org/10.1016/j.semarthrit.2009.03.001
https://doi.org/10.1016/j.semarthrit.2009.03.001
https://doi.org/10.2106/00004623-200407000-00013
https://www.sciencedirect.com/science/article/abs/pii/S0021929015003206


210

www.sciencedirect.com/science/article/abs/pii/
S0021929015003206. Accessed 5 Mar 2017.

 6. Halilaj E, Moore DC, Laidlaw DH, et al. The morphol-
ogy of the thumb carpometacarpal joint does not differ 
between men and women, but changes with aging and 
early osteoarthritis. J Biomech. 2014;47(11):2709–
14. https://doi.org/10.1016/j.jbiomech.2014.05.005.

 7. Weiss A-PC, Goodman AD. Thumb basal joint arthri-
tis. J Am Acad Orthop Surg. 2018;26(16):562–71. 
https://doi.org/10.5435/JAAOS- D- 17- 00374.

 8. Choa RM, Parvizi N, Giele HP. A prospective case- 
control study to compare the sensitivity and specificity 
of the grind and traction-shift (subluxation-relocation) 
clinical tests in osteoarthritis of the thumb carpometa-
carpal joint. J Hand Surg Eur Vol. 2014;39(3):282–5. 
https://doi.org/10.1177/1753193413508714.

 9. Ladd AL, Crisco JJ, Hagert E, Rose J, Weiss A-PC. The 
2014 ABJS Nicolas Andry award: the puzzle of the 
thumb: mobility, stability, and demands in opposi-
tion. Clin Orthop Relat Res. 2014;472(12):3605–22. 
https://doi.org/10.1007/s11999- 014- 3901- 6.

 10. Eaton RG, Glickel SZ.  Trapeziometacarpal osteo-
arthritis. Staging as a rationale for treatment. Hand 
Clin. 1987;3(4):455–71. http://www.ncbi.nlm.nih.
gov/pubmed/3693416. Accessed 2 Mar 2017.

 11. Ladd AL, Messana JM, Berger AJ, Weiss 
A-PC.  Correlation of clinical disease severity to 
radiographic thumb osteoarthritis index. J Hand Surg 
Am. 2015;40(3):474–82. https://doi.org/10.1016/j.
jhsa.2014.11.021.

 12. Berger AJ, Momeni A, Ladd AL. Intra- and interob-
server reliability of the Eaton classification for tra-
peziometacarpal arthritis: a systematic review. Clin 
Orthop Relat Res. 2014;472(4):1155–9. https://doi.
org/10.1007/s11999- 013- 3208- z.

 13. Hoffler CE, Matzon JL, Lutsky KF, Kim N, 
Beredjiklian PK. Radiographic stage does not correlate 
with symptom severity in thumb basilar joint osteoar-
thritis. J Am Acad Orthop Surg. 2015;23(12):778–82. 
https://doi.org/10.5435/JAAOS- D- 15- 00329.

 14. Wolf JM, Delaronde S. Current trends in nonoperative 
and operative treatment of trapeziometacarpal osteo-
arthritis: a survey of US hand surgeons. J Hand Surg 
Am. 2012;37(1):77–82. https://doi.org/10.1016/j.
jhsa.2011.10.010.

 15. Bertozzi L, Valdes K, Vanti C, Negrini S, Pillastrini P, 
Villafañe JH. Investigation of the effect of conserva-
tive interventions in thumb carpometacarpal osteoar-
thritis: systematic review and meta-analysis. Disabil 
Rehabil. 2015;37(22):2025–43. https://doi.org/10.310
9/09638288.2014.996299.

 16. Wajon A, Vinycomb T, Carr E, Edmunds I, Ada 
L.  Surgery for thumb (trapeziometacarpal joint) 
osteoarthritis. In: Wajon A, editor. Cochrane data-
base of systematic reviews. Chichester, UK: John 
Wiley & Sons, Ltd; 2015. p. CD004631. https://doi.
org/10.1002/14651858.CD004631.pub4.

 17. Spaans AJ, van Minnen LP, Kon M, Schuurman AH, 
Schreuders AR (Ton), Vermeulen GM. Conservative 
treatment of thumb base osteoarthritis: a system-

atic review. J Hand Surg Am. 2015;40(1):16–21.e6. 
https://doi.org/10.1016/j.jhsa.2014.08.047.

 18. Day CS, Gelberman R, Patel AA, Vogt MT, Ditsios 
K, Boyer MI. Basal joint osteoarthritis of the thumb: 
a prospective trial of steroid injection and splinting. 
J Hand Surg Am. 2004;29(2):247–51. https://doi.
org/10.1016/j.jhsa.2003.12.002.

 19. Monfort J, Rotés-Sala D, Segalés N, et al. Comparative 
efficacy of intra-articular hyaluronic acid and corticoid 
injections in osteoarthritis of the first carpometacarpal 
joint: results of a 6-month single-masked randomized 
study. Joint Bone Spine. 2015;82(2):116–21. https://
doi.org/10.1016/j.jbspin.2014.08.008.

 20. Heyworth BE, Lee JH, Kim PD, Lipton CB, Strauch 
RJ, Rosenwasser MP.  Hylan versus corticosteroid 
versus placebo for treatment of basal joint arthritis: 
a prospective, randomized, double-blinded clinical 
trial. J Hand Surg Am. 2008;33(1):40–8. https://doi.
org/10.1016/j.jhsa.2007.10.009.

 21. Meenagh GK, Patton J, Kynes C, Wright GD.  A 
randomised controlled trial of intra-articular cor-
ticosteroid injection of the carpometacarpal joint 
of the thumb in osteoarthritis. Ann Rheum Dis. 
2004;63(10):1260 LP–1263. http://ard.bmj.com/con-
tent/63/10/1260.abstract.

 22. Fowler A, Swindells MG, Burke FD.  Intra-articular 
corticosteroid injections to manage trapeziometa-
carpal osteoarthritis—a systematic review. Hand. 
2015;10(4):583–92. https://doi.org/10.1007/
s11552- 015- 9778- 3.

 23. Gervis WH.  Excision of the trapezium for osteo-
arthritis of the trapezio-metacarpal joint. J Bone 
Joint Surg Br. 1949;31-B(4):537–9. https://doi.
org/10.1302/0301- 620X.31B4.537.

 24. Gangopadhyay S, McKenna H, Burke FD, Davis 
TRC. Five- to 18-year follow-up for treatment of tra-
peziometacarpal osteoarthritis: a prospective compar-
ison of excision, tendon interposition, and ligament 
reconstruction and tendon interposition. J Hand Surg 
Am. 2012;37(3):411–7. https://doi.org/10.1016/j.
jhsa.2011.11.027.

 25. Vermeulen GM, Slijper H, Feitz R, Hovius SER, 
Moojen TM, Selles RW.  Surgical management of 
primary thumb carpometacarpal osteoarthritis: a sys-
tematic review. J Hand Surg Am. 2011;36(1):157–69. 
https://doi.org/10.1016/j.jhsa.2010.10.028.

 26. Huang K, Hollevoet N, Giddins G. Thumb carpometa-
carpal joint total arthroplasty: a systematic review. J 
Hand Surg Eur Vol. 2015;40(4):338–50. https://doi.
org/10.1177/1753193414563243.

 27. Martou G, Veltri K, Thoma A.  Surgical treatment 
of osteoarthritis of the carpometacarpal joint of the 
thumb: a systematic review. Plast Reconstr Surg. 
2004;114(2):421–32. https://doi.org/10.1097/01.
PRS.0000131989.86319.B1.

 28. Froimson AI.  Tendon arthroplasty of trapeziometa-
carpal joint. Clin Orthop Relat Res. 1974;102:276. 
https://doi.org/10.1097/00003086- 197407000- 00038.

 29. Eaton RG, Littler JW.  Ligament reconstruction for 
the painful thumb carpometacarpal joint. J Bone 

A. L. Ladd et al.

https://www.sciencedirect.com/science/article/abs/pii/S0021929015003206
https://www.sciencedirect.com/science/article/abs/pii/S0021929015003206
https://doi.org/10.1016/j.jbiomech.2014.05.005
https://doi.org/10.5435/JAAOS-D-17-00374
https://doi.org/10.1177/1753193413508714
https://doi.org/10.1007/s11999-014-3901-6
http://www.ncbi.nlm.nih.gov/pubmed/3693416
http://www.ncbi.nlm.nih.gov/pubmed/3693416
https://doi.org/10.1016/j.jhsa.2014.11.021
https://doi.org/10.1016/j.jhsa.2014.11.021
https://doi.org/10.1007/s11999-013-3208-z
https://doi.org/10.1007/s11999-013-3208-z
https://doi.org/10.5435/JAAOS-D-15-00329
https://doi.org/10.1016/j.jhsa.2011.10.010
https://doi.org/10.1016/j.jhsa.2011.10.010
https://doi.org/10.3109/09638288.2014.996299
https://doi.org/10.3109/09638288.2014.996299
https://doi.org/10.1002/14651858.CD004631.pub4
https://doi.org/10.1002/14651858.CD004631.pub4
https://doi.org/10.1016/j.jhsa.2014.08.047
https://doi.org/10.1016/j.jhsa.2003.12.002
https://doi.org/10.1016/j.jhsa.2003.12.002
https://doi.org/10.1016/j.jbspin.2014.08.008
https://doi.org/10.1016/j.jbspin.2014.08.008
https://doi.org/10.1016/j.jhsa.2007.10.009
https://doi.org/10.1016/j.jhsa.2007.10.009
http://ard.bmj.com/content/63/10/1260.abstract
http://ard.bmj.com/content/63/10/1260.abstract
https://doi.org/10.1007/s11552-015-9778-3
https://doi.org/10.1007/s11552-015-9778-3
https://doi.org/10.1302/0301-620X.31B4.537
https://doi.org/10.1302/0301-620X.31B4.537
https://doi.org/10.1016/j.jhsa.2011.11.027
https://doi.org/10.1016/j.jhsa.2011.11.027
https://doi.org/10.1016/j.jhsa.2010.10.028
https://doi.org/10.1177/1753193414563243
https://doi.org/10.1177/1753193414563243
https://doi.org/10.1097/01.PRS.0000131989.86319.B1
https://doi.org/10.1097/01.PRS.0000131989.86319.B1
https://doi.org/10.1097/00003086-197407000-00038


211

Joint Surg Am Vol. 1973;55(8):1655–66. https://doi.
org/10.2106/00004623- 197355080- 00010.

 30. Burton RI, Pellegrini VD.  Surgical management of 
basal joint arthritis of the thumb. Part II.  Ligament 
reconstruction with tendon interposition arthroplast. 
J Hand Surg Am. 1986;11(3):324–32. https://doi.
org/10.1016/S0363- 5023(86)80137- X.

 31. DelSignore JL, Accardi KZ. Suture suspension arthro-
plasty technique for basal joint arthritis reconstruc-
tion. Tech Hand Up Extrem Surg. 2009;13(4):166–72. 
https://doi.org/10.1097/BTH.0b013e3181b4c388.

 32. Putnam MD, Rattay R, Wentorf F.  Biomechanical 
test of three methods to treat thumb CMC arthri-
tis. J Wrist Surg. 2014;3(2):107–13. https://doi.
org/10.1055/s- 0034- 1372518.

 33. Takagi T, Weiss A-PC.  Suture suspension arthro-
plasty with trapeziectomy for thumb carpometacarpal 
arthritis using a wide-awake approach. Tech Hand 
Up Extrem Surg. 2019;1 https://doi.org/10.1097/
bth.0000000000000265.

 34. Desai MJ, Brogan DM, Richard MJ, Mithani SK, 
Leversedge FJ, Ruch DS. Biomechanical comparison 
of suture-button suspensionplasty and LRTI for basi-
lar thumb arthritis. Hand. 2016;11(4):438–43. https://
doi.org/10.1177/1558944716643119.

 35. Yao J, Zlotolow DA, Murdock R, Christian M. Suture 
button compared with K-wire fixation for maintenance 
of posttrapeziectomy space height in a cadaver model 
of lateral pinch. J Hand Surg Am. 2010;35(12):2061–
5. https://doi.org/10.1016/J.JHSA.2010.09.007.

 36. Avant KR, Nydick JA, White BD, Vaccaro L, Hess 
AV, Stone JD. Basal joint osteoarthritis of the thumb: 
comparison of suture button versus abductor pollicis 
longus suspensionplasty. Hand. 2015;10(1):80–4. 
https://doi.org/10.1007/s11552- 014- 9653- 7.

 37. Song Y, Cox CA, Yao J.  Suture button suspension 
following trapeziectomy in a cadaver model. Hand 
(N Y). 2013;8(2):195–200. https://doi.org/10.1007/
s11552- 012- 9473- 6.

 38. Kapoutsis DV, Dardas A, Day CS. Carpometacarpal 
and scaphotrapeziotrapezoid arthritis: arthros-
copy, arthroplasty, and arthrodesis. J Hand Surg 
Am. 2011;36(2):354–66. https://doi.org/10.1016/j.
jhsa.2010.11.047.

 39. Logli AL, Twu J, Bear BJ, Lindquist JR, Schoenfeldt 
TL, Korcek KJ.  Arthroscopic partial trapeziectomy 
with soft tissue interposition for symptomatic trape-
ziometacarpal arthritis: 6-month and 5-year minimum 
follow-up. J Hand Surg Am. 2018;43(4):384.e1–7. 
https://doi.org/10.1016/j.jhsa.2017.10.016.

 40. Adams JE, Steinmann SP, Culp RW. Bone-preserving 
arthroscopic options for treatment of thumb basilar 
joint arthritis. Hand Clin. 2011;27(3):355–9. https://
doi.org/10.1016/j.hcl.2011.05.005.

 41. Parker WL, Linscheid RL, Amadio PC.  Long-term 
outcomes of first metacarpal extension osteotomy 
in the treatment of carpal-metacarpal osteoarthritis. 
J Hand Surg Am. 2008;33(10):1737–43. https://doi.
org/10.1016/j.jhsa.2008.08.003.

 42. Chou FH, Irrgang JJ, Goitz RJ.  Long-term follow-
 up of first metacarpal extension osteotomy for early 
CMC arthritis. Hand. 2014;9(4):478–83. https://doi.
org/10.1007/s11552- 014- 9632- z.

 43. Hartigan BJ, Stern PJ, Kiefhaber TR.  Thumb carpo-
metacarpal osteoarthritis: arthrodesis compared with 
ligament reconstruction and tendon interposition. J Bone 
Joint Surg Am. 2001;83-A(10):1470–8. http://jbjs.org/
content/83/10/1470.abstract. Accessed 10 Apr 2016.

 44. Vermeulen GM, Brink SM, Slijper H, et  al. 
Trapeziometacarpal arthrodesis or trapeziectomy with 
ligament reconstruction in primary trapeziometacarpal 
osteoarthritis. J Bone Joint Surg Am. 2014;96(9):726–
33. https://doi.org/10.2106/JBJS.L.01344.

 45. Ganhewa AD, Wu R, Chae MP, et al. Failure rates of 
base of thumb arthritis surgery: a systematic review. 
J Hand Surg Am. 2019; https://doi.org/10.1016/j.
jhsa.2019.05.003.

 46. Leversedge FJ. Anatomy and pathomechanics of the 
thumb. Hand Clin. 2008;24(3):219–29.

 47. Bettinger PC, Linscheid RL, Berger RA, Cooney WP, 
An K-N.  An anatomic study of the stabilizing liga-
ments of the trapezium and trapeziometacarpal joint. 
J Hand Surg Am. 1999;24(4):786–98.

 48. Bettinger PC, Berger RA.  Functional ligamen-
tous anatomy of the trapezium and trapeziometa-
carpal joint (gross and arthroscopic). Hand Clin. 
2001;17(2):151–68.

 49. Kuczynski K.  Carpometacarpal joint of the human 
thumb. Plast Reconstr Surg. 1975;56(2):229. https://
doi.org/10.1097/00006534- 197508000- 00060.

 50. Edmunds JO.  Current concepts of the anatomy of 
the thumb trapeziometacarpal joint. J Hand Surg 
Am. 2011;36(1):170–82. https://doi.org/10.1016/j.
jhsa.2010.10.029.

 51. Lin JD, Karl JW, Strauch RJ.  Trapeziometacarpal 
joint stability: the evolving importance of the dorsal 
ligaments. Clin Orthop Relat Res. 2014;472(4):1138–
45. https://doi.org/10.1007/s11999- 013- 2879- 9.

 52. Ladd AL, Lee J, Hagert E. Macroscopic and micro-
scopic analysis of the thumb carpometacarpal liga-
ments: a cadaveric study of ligament anatomy and 
histology. J Bone Joint Surg Am. 2012;94(16):1468–
77. https://doi.org/10.2106/JBJS.K.00329.

 53. Bettinger PC, Smutz WP, Linscheid RL, Cooney WP, 
An KN. Material properties of the and trapeziometa-
carpal ligaments. J Hand Surg Am. 2000;25(6):1085–
95. https://doi.org/10.1053/jhsu.2000.18487.

 54. Gamble JG, Mochizuki C, Rinsky 
LA.  Trapeziometacarpal abnormalities in Ehlers- 
Danlos syndrome. J Hand Surg Am. 1989;14(1):89–
94. https://doi.org/10.1016/0363- 5023(89)90064- 6.

 55. Jónsson H, Valtýsdóttir ST, Kjartansson Ó, Brekkan 
Á. Hypermobility associated with osteoarthritis of the 
thumb base: a clinical and radiological subset of hand 
osteoarthritis. Ann Rheum Dis. 1996;55(8):540–3. 
https://doi.org/10.1136/ard.55.8.540.

 56. Wolf JM, Scher DL, Etchill EW, et  al. Relationship 
of relaxin hormone and thumb carpometacarpal joint 

13 Design Considerations for Carpometacarpophalangeal Joint Arthroplasty

https://doi.org/10.2106/00004623-197355080-00010
https://doi.org/10.2106/00004623-197355080-00010
https://doi.org/10.1016/S0363-5023(86)80137-X
https://doi.org/10.1016/S0363-5023(86)80137-X
https://doi.org/10.1097/BTH.0b013e3181b4c388
https://doi.org/10.1055/s-0034-1372518
https://doi.org/10.1055/s-0034-1372518
https://doi.org/10.1097/bth.0000000000000265
https://doi.org/10.1097/bth.0000000000000265
https://doi.org/10.1177/1558944716643119
https://doi.org/10.1177/1558944716643119
https://doi.org/10.1016/J.JHSA.2010.09.007
https://doi.org/10.1007/s11552-014-9653-7
https://doi.org/10.1007/s11552-012-9473-6
https://doi.org/10.1007/s11552-012-9473-6
https://doi.org/10.1016/j.jhsa.2010.11.047
https://doi.org/10.1016/j.jhsa.2010.11.047
https://doi.org/10.1016/j.jhsa.2017.10.016
https://doi.org/10.1016/j.hcl.2011.05.005
https://doi.org/10.1016/j.hcl.2011.05.005
https://doi.org/10.1016/j.jhsa.2008.08.003
https://doi.org/10.1016/j.jhsa.2008.08.003
https://doi.org/10.1007/s11552-014-9632-z
https://doi.org/10.1007/s11552-014-9632-z
http://jbjs.org/content/83/10/1470.abstract
http://jbjs.org/content/83/10/1470.abstract
https://doi.org/10.2106/JBJS.L.01344
https://doi.org/10.1016/j.jhsa.2019.05.003
https://doi.org/10.1016/j.jhsa.2019.05.003
https://doi.org/10.1097/00006534-197508000-00060
https://doi.org/10.1097/00006534-197508000-00060
https://doi.org/10.1016/j.jhsa.2010.10.029
https://doi.org/10.1016/j.jhsa.2010.10.029
https://doi.org/10.1007/s11999-013-2879-9
https://doi.org/10.2106/JBJS.K.00329
https://doi.org/10.1053/jhsu.2000.18487
https://doi.org/10.1016/0363-5023(89)90064-6
https://doi.org/10.1136/ard.55.8.540


212

arthritis. Clin Orthop Relat Res. 2014;472(4):1130–7. 
https://doi.org/10.1007/s11999- 013- 2960- 4.

 57. Clifton KB, Rodner C, Wolf JM. Detection of relaxin 
receptor in the dorsoradial ligament, synovium, 
and articular cartilage of the trapeziometacarpal 
joint. J Orthop Res. 2014;32(8):1061–7. https://doi.
org/10.1002/jor.22640.

 58. Lee AT, Williams AA, Lee J, Cheng R, Lindsey 
DP, Ladd AL.  Trapezium trabecular morphol-
ogy in carpometacarpal arthritis. J Hand Surg 
Am. 2013;38(2):309–15. https://doi.org/10.1016/j.
jhsa.2012.10.038.

 59. Ladd AL, Weiss A-PC, Crisco JJ, et  al. The thumb 
carpometacarpal joint: anatomy, hormones, and bio-
mechanics. Instr Course Lect. 2013;62:165–79. http://
www.ncbi.nlm.nih.gov/pubmed/23395023. Accessed 
8 Jan 2017.

 60. Pellegrini VD, Olcott CW, Hollenberg 
G.  Contact patterns in the trapeziometacar-
pal joint: the role of the palmar beak ligament. J 
Hand Surg Am. 1993;18(2):238–44. https://doi.
org/10.1016/0363- 5023(93)90354- 6.

 61. Ateshian GA, Ark JW, Rosenwasser MP, Pawluk RJ, 
Soslowsky LJ, Mow VC. Contact areas in the thumb 
carpometacarpal joint. J Orthop Res. 1995;13(3):450–
8. https://doi.org/10.1002/jor.1100130320.

 62. Koff MF, Ugwonali OF, Strauch RJ, Rosenwasser 
MP, Ateshian GA, Mow VC.  Sequential wear pat-
terns of the articular cartilage of the thumb car-
pometacarpal joint in osteoarthritis. J Hand Surg 
Am. 2003;28(4):597–604. https://doi.org/10.1016/
S0363- 5023(03)00145- X.

 63. Cooney WP, Chao EYS.  Biomechanical analysis of 
static forces in the thumb during hand function. J 
Bone Joint Surg - Am Vol. 1977;59(1):27–36. https://
doi.org/10.2106/00004623- 197759010- 00004.

 64. Cooney WP, Lucca MJ, Chao EY, Linscheid RL. The 
kinesiology of the thumb trapeziometacarpal joint. J 
Bone Joint Surg  - Am Vol. 1981;63:1371–81. www.
jbjs.org. Accessed 29 Oct 2019.

 65. Coughlan MJ, Bourdillon A, Crisco JJ, Kenney 
D, Weiss A-P, Ladd AL.  Reduction in cylindri-
cal grasp strength is associated with early thumb 
carpometacarpal osteoarthritis. Clin Orthop Relat 
Res. 2017;475(2):522–8. https://doi.org/10.1007/
s11999- 016- 5151- 2.

 66. Luria S, Waitayawinyu T, Nemechek N, Huber P, 
Tencer AF, Trumble TE.  Biomechanic analysis of 
trapeziectomy, ligament reconstruction with tendon 
interposition, and tie-in trapezium implant arthro-
plasty for thumb carpometacarpal arthritis: a cadaver 
study. J Hand Surg Am. 2007;32(5):697–706. https://
doi.org/10.1016/J.JHSA.2007.02.025.

 67. Edmunds JO.  Traumatic dislocations and instability 
of the trapeziometacarpal joint of the thumb. Hand 
Clin. 2006;22(3):365–92. https://doi.org/10.1016/j.
hcl.2006.05.001.

 68. Shih JG, Mainprize JG, Binhammer PA. Comparison 
of computed tomography articular surface geom-

etry of male versus female thumb carpometacarpal 
joints. Hand. 2017:155894471668852. https://doi.
org/10.1177/1558944716688528.

 69. Vitale MA, Taylor F, Ross M, Moran SL. Trapezium 
prosthetic arthroplasty (silicone, Artelon, metal, and 
pyrocarbon). Hand Clin. 2013;29(1):37–55. https://
doi.org/10.1016/j.hcl.2012.08.020.

 70. Johnston P, Getgood A, Larson D, Chojnowski AJ, 
Chakrabarti AJ, Chapman PG. De la Caffinière thumb 
trapeziometacarpal joint arthroplasty: 16-26 year 
follow-up. J Hand Surg Eur Vol. 2012;37(7):621–4. 
https://doi.org/10.1177/1753193411433226.

 71. Chakrabarti AJ, Robinson AHN, Gallagher P.  De la 
Caffinière thumb carpometacarpal replacements: 
93 cases at 6 to 16 years follow-up. J Hand Surg 
Eur Vol. 1997;22(6):695–8. https://doi.org/10.1016/
S0266- 7681(97)80427- 5.

 72. Srnec JJ, Wagner ER, Rizzo M.  Implant arthro-
plasty for proximal interphalangeal, metacarpopha-
langeal, and trapeziometacarpal joint degeneration. 
J Hand Surg Am. 2017;42(10):817–25. https://doi.
org/10.1016/j.jhsa.2017.07.030.

 73. Krukhaug Y, Lie SA, Havelin LI, Furnes O, Hove 
LM, Hallan G.  The results of 479 thumb car-
pometacarpal joint replacements reported in 
the Norwegian Arthroplasty Register. J Hand 
Surg Eur Vol. 2014;39(8):819–25. https://doi.
org/10.1177/1753193413513988.

 74. Baker RHJ, Al-Shukri J, Davis TRC. Evidence-based 
medicine: thumb basal joint arthritis. Plast Reconstr 
Surg. 2017;139(1):256e–66e. https://doi.org/10.1097/
PRS.0000000000002858.

 75. de Aragon JSM, Moran SL, Rizzo M, Reggin 
KB, Beckenbaugh RD.  Early outcomes of pyro-
lytic carbon hemiarthroplasty for the treatment of 
trapezial- metacarpal arthritis. J Hand Surg Am. 
2009;34(2):205–12. https://doi.org/10.1016/j.
jhsa.2008.10.018.

 76. van Cappelle HGJ, Elzenga P, van Horn JR.  Long- 
term results and loosening analysis of de la Caffinière 
replacements of the trapeziometacarpal joint. J 
Hand Surg Am. 1999;24(3):476–82. https://doi.
org/10.1053/jhsu.1999.0476.

 77. Jörheim M, Isaxon I, Flondell M, Kalén P, Atroshi 
I. Short-term outcomes of trapeziometacarpal Artelon 
implant compared with tendon suspension interposi-
tion arthroplasty for osteoarthritis: a matched cohort 
study. J Hand Surg Am. 2009;34(8):1381–7. https://
doi.org/10.1016/j.jhsa.2009.04.016.

 78. Nilsson A, Liljensten E, Bergström C, Sollerman 
C.  Results from a degradable TMC joint Spacer 
(Artelon) compared with tendon arthroplasty. J 
Hand Surg Am. 2005;30(2):380–9. https://doi.
org/10.1016/j.jhsa.2004.12.001.

 79. Maru M, Jettoo P, Tourret L, Jones M, Irwin L. Thumb 
carpometacarpal osteoarthritis: trapeziectomy versus 
pyrocarbon interposition implant (Pi2) arthroplasty. 
J Hand Surg Eur Vol. 2012;37(7):617–20. https://doi.
org/10.1177/1753193411433176.

A. L. Ladd et al.

https://doi.org/10.1007/s11999-013-2960-4
https://doi.org/10.1002/jor.22640
https://doi.org/10.1002/jor.22640
https://doi.org/10.1016/j.jhsa.2012.10.038
https://doi.org/10.1016/j.jhsa.2012.10.038
http://www.ncbi.nlm.nih.gov/pubmed/23395023
http://www.ncbi.nlm.nih.gov/pubmed/23395023
https://doi.org/10.1016/0363-5023(93)90354-6
https://doi.org/10.1016/0363-5023(93)90354-6
https://doi.org/10.1002/jor.1100130320
https://doi.org/10.1016/S0363-5023(03)00145-X
https://doi.org/10.1016/S0363-5023(03)00145-X
https://doi.org/10.2106/00004623-197759010-00004
https://doi.org/10.2106/00004623-197759010-00004
http://www.jbjs.org
http://www.jbjs.org
https://doi.org/10.1007/s11999-016-5151-2
https://doi.org/10.1007/s11999-016-5151-2
https://doi.org/10.1016/J.JHSA.2007.02.025
https://doi.org/10.1016/J.JHSA.2007.02.025
https://doi.org/10.1016/j.hcl.2006.05.001
https://doi.org/10.1016/j.hcl.2006.05.001
https://doi.org/10.1177/1558944716688528
https://doi.org/10.1177/1558944716688528
https://doi.org/10.1016/j.hcl.2012.08.020
https://doi.org/10.1016/j.hcl.2012.08.020
https://doi.org/10.1177/1753193411433226
https://doi.org/10.1016/S0266-7681(97)80427-5
https://doi.org/10.1016/S0266-7681(97)80427-5
https://doi.org/10.1016/j.jhsa.2017.07.030
https://doi.org/10.1016/j.jhsa.2017.07.030
https://doi.org/10.1177/1753193413513988
https://doi.org/10.1177/1753193413513988
https://doi.org/10.1097/PRS.0000000000002858
https://doi.org/10.1097/PRS.0000000000002858
https://doi.org/10.1016/j.jhsa.2008.10.018
https://doi.org/10.1016/j.jhsa.2008.10.018
https://doi.org/10.1053/jhsu.1999.0476
https://doi.org/10.1053/jhsu.1999.0476
https://doi.org/10.1016/j.jhsa.2009.04.016
https://doi.org/10.1016/j.jhsa.2009.04.016
https://doi.org/10.1016/j.jhsa.2004.12.001
https://doi.org/10.1016/j.jhsa.2004.12.001
https://doi.org/10.1177/1753193411433176
https://doi.org/10.1177/1753193411433176


213

 80. Daecke W, Kaszap B, Martini AK, Hagena FW, Rieck 
B, Jung M. A prospective, randomized comparison of 
3 types of proximal interphalangeal joint arthroplasty. 
J Hand Surg Am. 2012;37(9):1770–1779.e3. https://
doi.org/10.1016/j.jhsa.2012.06.006.

 81. Reissner L, Schindele S, Hensler S, Marks M, Herren 
DB.  Ten year follow-up of pyrocarbon implants 
for proximal interphalangeal joint replacement. J 
Hand Surg Eur Vol. 2014;39(6):582–6. https://doi.
org/10.1177/1753193413511922.

 82. Adams J, Ryall C, Pandyan A, et  al. Proximal 
interphalangeal joint replacement in patients with 
arthritis of the hand: a meta-analysis. J Bone 
Joint Surg Br. 2012;94(10):1305–12. https://doi.
org/10.1302/0301- 620X.94B10.29035.

 83. Tomaino MM. Thumb basilar joint arthritis. In: Green 
DP, Hotchkiss RN, Pederson WC, Wolfe SW, editors. 
Green’s operative hand surgery. 5th ed. New  York: 
Churchill Livingstone; 2005. p. 461–85.

 84. Klahn A, Nygaard M, Gvozdenovic R. Elektra-
prothese: prospektive langzeitbeobachtung. 
Handchirurgie Scan. 2013;2(01):33–4.

 85. Martin-Ferrero M. Ten-year long-term results of total 
joint arthroplasties with ARPE implant in the treat-
ment of trapeziometacarpal osteoarthritis. J Hand 
Surg Eur. 2014;39:826–32.

 86. Blount AL, Armstrong SD, Yuan F, Burgess SD. 
Porous polyurethaneurea (Artelon) joint spacer com-
pared to trapezium resection and ligament reconstruc-
tion. J Hand Surg. 2013;38(9):1741–5.

 87. Pritchett JW, Habryl LS. A promising thumb basal 
joint hemiarthroplasty for treatment of trapezio-
metacarpal osteoarthritis. Clin Orthop Relat Res. 
2012;470:2756–63.

 88. Goubau JF, Goorens CK, Van Hoonacker P, Berghs B, 
Kerckhove D, Scheerlinck T. Clinical and radiological 
outcomes of the Ivory arthroplasty for trapeziometa-
carpal joint osteoarthritis with a minimum of 5 years 
of follow-up: a prospective single-centre cohort study. 
J Hand Surg Eur Vol. 2013;38(8):866–74.

 89. Semere A, Forli A, Corcella D, Mesquida V, Loret 
MG, Moutet F. Foreign body reaction in osteoar-
thritis of the trapeziometacarpal joint treated by tra-
pezectomy and interposition of a L-polylactic acid 
“anchovy”(Arex® 615R). A series of eight cases. 
Chir Main. 2013;32(3):161–8.

 90. Jager T, Barbary S, Dap F, Dautel G. Evaluation 
of postoperative pain and early functional results 
in the treatment of carpometacarpal joint arthritis. 
Comparative prospective study of trapeziectomy vs. 
MAIA (®) prosthesis in 74 female patients. Chir 
Main. 2013;32(2):55–62.

 91. Kaszap B, Daecke W, Jung M. High frequency failure 
of the Moje thumb carpometacarpal joint arthroplasty. 
J Hand Surg Eur Vol. 2012;37(7):610–6.

 92. Szalay G, Meyer C, Scheufens T, Schnettler R, Christ 
R, Schleicher I. Pyrocarbon spacer as a trapezium 
replacement for arthritis of the trapeziometacarpal 
joint; a follow-up study of 60 cases. Acta Orthop 
Belg. 2013;79(6):648–54.

 93. Barrera-Ochoa S, Vidal-Tarrason N, Correa-Vázquez 
E, Reverte-Vinaixa MM, Font-Segura J, Mir-Bullo 
X. Pyrocarbon interposition (PyroDisk) implant for 
trapeziometacarpal osteoarthritis: minimum 5-year 
follow-up. J Hand Surg. 2014;39(11):2150–60.

 94. Yao J, Song Y. Suture-button suspensionplasty for 
thumb carpometacarpal arthritis: a minimum 2-year 
follow-up. J Hand Surg. 2013;38(6):1161–5.

13 Design Considerations for Carpometacarpophalangeal Joint Arthroplasty

https://doi.org/10.1016/j.jhsa.2012.06.006
https://doi.org/10.1016/j.jhsa.2012.06.006
https://doi.org/10.1177/1753193413511922
https://doi.org/10.1177/1753193413511922
https://doi.org/10.1302/0301-620X.94B10.29035
https://doi.org/10.1302/0301-620X.94B10.29035

	13: Design Considerations for Carpometacarpophalangeal Joint Arthroplasty
	Introduction
	Epidemiology
	Clinical Presentation
	Eaton-Glickel Staging
	Indications for Surgery
	History of CMC Arthroplasty
	Anatomy
	Bony Anatomy
	Ligamentous Anatomy

	Biomechanics
	Kinematics
	Pathomechanics of Disease

	Prosthetic Designs
	Total Joint Arthroplasty
	Hemiarthroplasty
	Interposition Arthroplasty

	Prosthetic Materials and Fixation
	Materials
	Fixation

	Conclusion
	References


