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The thumb trapeziometacarpal joint, also called the
thumb carpometacarpal (CMC) joint, is the most
common site in the upper extremity for surgery due
to disabling osteoarthritis.! Osteoarthritis of the
thumb CMC joint is garticularly prevalent in post-
menopausal women,?® many of whom already have
normal laxity of this joint." Osteoarthritis causes
increased laxity of the thumb CMC joint capsule, cre-
ating a common clinical compliant of pain with resis-
ted thumb motion, particularly forceful pinching.

Most surgeons and therapists writing about treat-
ment of the painful thumb CMC joint use immobiliza-
tion splinting as a part of conservative treatment. Only
one recent article looks at the effectiveness of thumb
CMC immobilization splinting.* Descriptions of the
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ABSTRACT: Splinting for the common osteoarthritis of the car-
pometacarpal (CMC) joint of the thumb is infrequently described
in the literature, but the few splints that are described include one
or both adjacent joints. This paper describes the design and bio-
mechanics of a custom-molded thumb CMC immobilization splint
that excludes the thumb metacarpophalangeal and wrist joints.
The problem of the imbalance of extrinsic extensor/abductor
forces against the intrinsic flexor/adductor forces is described.
The accompanying weakening of the thumb CMC capsule allows
dorsal shifting of the proximal end of the metacarpal, producing
pain. The splint described in this paper 1) prevents motion of the
first metacarpal in relation to the other metacarpals, 2) prevents
tilting (flexion) of the first metacarpal during pinch, and 3) allows
unrestricted thumb metacarpal and wrist joint motion. Attention
to detail during construction is required for an accurate pattern,
precise positioning of the CMC joint during molding, accurate
molding around the first metacarpal, and well-distributed pres-
sure, This design may also be used for protection following thumb
CMC arthroplasty or thumb CMC sprain or strain and as a base
for thumb metacarpophalangeal and/or interphalangeal mobi-
lization splinting.
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splint designs recommended as part of the nonsurgi-
cal treatment, if included at all, are usually vague®>~
The few splints that are illlustrated or specifically
described usually include one or both adjacent
joints.' 4

Poor patient compliance and limitation of hand
function in the splint are listed as detriments to thumb
CMC joint immobilization splinting."*71® It is
assumed that authors are using splints that include at
least one and often both adjacent joints. Therefore, the
reason for poor compliance and limited hand function
may be related to the number of immobilized joints.

Immobilization of the thumb metacarpophalangeal
joint robs the hand of the valuable flexion, extension,
and radial and ulnar deviation of that joint.
Immobilization of the wrist demands greater range of
proximal joints, making function more demanding.
The choice for the patient is often compliance with
immobilization vs. functional use.

This paper describes the design and biomechanics of
a custom-molded thermoplastic splint that leaves the



FIGURE 1. Dorsal (left), palmar (middle), and radial (right) views of small thumb CMC immobilization splint made of 1/8-inch-thick

thermoplastic splinting material.

thumb metacarpophalangeal and wrist joints unre-
stricted (Figure 1). The only limitation of function with
this splint is when a flat palm is needed (as in pushing
up off the floor with the palm, wiping a flat surface, or
carrying a tray overhead). With this small splint
patients report absent or diminished pain with resis-
ted thumb motions. Since the splint does not impede
other joint function, this design may provide an effec-
tive alternative to larger, more restrictive splints,
thereby increasing compliance.

This small s?lint has previously been illustrated in
the literature,!! but its pattern, biomechanics, and
construction methods have not been described.
Although many experienced clinicians contend that a
splint must cross the wrist to adequately stabilize the
CMC joint, the author’s experience is that patients
with isolated CMC arthritis (who have no associated
scaphotrapezial arthritis) receive symptomatic relief
with this splint.

PRINCIPLES

It is the author’s hypothesis that the muscles cross-
ing the joint create an imbalance of forces as the weak-
er dorsal protion of the thumb CMC capsule allows
excessive motion. The splint is designed to prevent the
motion that is hypothesized to create pain during
pinch.

There are four intrinsic thenar muscles: the adduc-
tor pollicis (AP), the flexor pollicis brevis (FPB), the

opponens pollicis (OP), and the abductor pollicis
brevis (APB) (Figure 2). The FPB flexes the first
metacarpal across the palm, and the APB pulls the
metacarpal into palmar abduction. The OP and the
AP are larger than the FPB and APB, with the OP
inserting along the length of the first metacarpal
and the AP originating along the length of the third
metacarpal. The AP brings the first metacarpal
toward the second metacarpal. The OP rotates the
first metacarpal as the entire thumb reaches toward
a fingertip.'? All these muscles contract to stabilize
the thumb CMC and metacarpophalangeal joints

FIGURE 2. Schematic drawing showing the efficient line of pull
of the thenar muscles compared with the less efficient line of pull
of the extrinsic extensor and abductor muscles. APB indicates
abductor pollicis brevis; EPB, extensor pollicis brevis; EPL, exten-
sor pollicis longus; APB, abductor pollicis brevis; OP, opponens
pollicis; FPB, flexor pollicis brevis; AP, adductor pollicis.
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during pinch so that the force of the flexor pollicis
longus can be transmitted distally. Because the
insertion of the AP, FPB, and APB are distal to the
thumb metacarpophalangeal joint, these muscles
have a long moment arm to effect CMC joint
motion. In addition, the long insertion of the OP on
the first metacarpal allows this muscle to effectively
move the CMC joint.

The antagonist muscles, however, are extrinsic
muscles with weaker mechanical advantage (Figure
2). Originating on the radius and the ulna in the
forearm, the abductor pollicis longus (APL) inserts
on the base of the first metacarpal. Because the ten-
don insertion is close to the axis of the joint, it pro-
vides little mechanical advantage for extension at
the CMC joint.

The extensor pollicis brevis (EPB) originates on the
interosseus membrane and the radius in the forearm
and inserts just beyond the thumb metacarpopha-
langeal joint into the base of the thumb proximal pha-
lanx. It primarily extends the thumb metacarpopha-
langeal joint and secondarily extends/abducts the
thumb CMC joint. Only when the metacarpopha-
langeal joint of the thumb is fully extended does it
then effectively act on the CMC joint. The extensor
pollicis longus (EPL) originates in the forearm from
the interosseus membrane and the ulna, inserting at
the base of the distal phalanx. Crossing over all three
thumb joints, the EPL can assist in CMC joint exten-
sion only after it has exhausted its excursion at the
other joints.

Therefore, the APL, EPB, and EPL muscles are rel-
atively inefficient extensors and abductors at the
CMC joint, in contrast to the more efficient intrinsic
thenar muscles that primarily flex and adduct/
abduct the thumb CMC joint. With three of the four
thenar muscles (the FPB, OP, and AP) pulling the
first metacarpal head toward the palm (into flexion),
the balance of motion at the thumb CMC appears to
the author to be loaded toward flexion (Figure 2).

As osteoarthritis develops, the already slack cap-

FIGURE 3. Left, During opposition,
the distal end of the first metacarpal
flexes toward the fifth metacarpal.
Right, With the thumb CMC immobi-
lization splint in place, the first
metacarpal is stabilized and flexion
occurs at the distal joints.
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sule of the thumb CMC joint becomes attenuated.
Pellegrini' describes the shift of the distal attachment
of the stabilizing volar beak ligament distally on the
metacarpal as eburnation of the articular surfaces
progresses. He states: “This shift...compromise[s the
beak ligament’s] mechanical efficiency in checking
dorsal migration of the metacarpal on [the] trapezi-
um during dynamic flexion-adduction of the
thumb.” The weaker dorsal fibers of the trapezio-
metacarpal capsule allow the base of the first meta-
carpal to sublux dorsally. As the intrinsic thenar
muscles pull on the distal end of the first metacarpal,
it flexes forward, levering the metacarpal. Therefore
it is postulated that during pinch, when the thenar
muscles contract, the first metacarpal tilts; i.e., the
distal end moves toward the palm and the proximal
end shifts dorsally. It is this shift of motion, although
perhaps slight, that appears to create pain. This splint
appears to prevent the first metacarpal tilting motion,
controlling pain during thumb use.

RATIONALE

Immobilization of the Thumb
Metacarpotrapezial Joint

Splints that immobilize the thumb metacarpopha-
langeal or the wrist joint (or both) in addition to the
thumb CMC joint effectively eliminate pain at the
thumb CMC joint."* The difficulty in effectively
immobilizing the first metacarpal without including
other joints is the inability to mold splinting materi-
al circumferentially around the first metacarpal.
This design uses the stability of the adjacent immo-
bile second and third metacarpals as the anchor for
the first metacarpal. In other words, motion of the
first metacarpal in relation to the other metacarpals
is prevented. The thumb CMC joint is stabilized in a
position of palmar abduction so that fingertip and
lateral pinch is unimpeded.




FIGURE 4. Patient with dorsally subluxed thumb CMC joint shows thumb metacarpophalangeal hyperextension during attempted
thumb extension (top left) and lack of thumb metacarpophalangeal flexion during active flexion (top right). The small CMC immobi-
lization splint with a dorsal block changes the pattern of motion by preventing hyperextension of the metacarpophalangeal joint during
extension of the thumb (bottom left) and blocking thumb CMC flexion (bottom right), thereby demanding more motion at the thumb
interphalangeal and metacarpophalangeal joints.

Prevention of First Metacarpal Tilting

The rigid splint material molded across the palm
creates a strut. This strut prevents the distal end of
the metacarpal from tilting toward the ulnar border
of the hand during pinch (Figure 3). Motion of the
CMC joint is blocked, and the flexion force can only
be transmitted more distally across the metacar-
pophalangeal and interphalangeal joints. The strut is
effective because of thenar muscle contraction. With
the rigid splinting material in the palm, the thenar
muscles cannot expand out toward the environment
as they contract. Their expansion force is directed
backward toward the first metacarpal, stabilizing it.
This muscle contraction supports the distal end of the
metacarpal from flexing forward. This pseudo-
hydraulic environment of muscle contraction within
a closed space is recognized as the primary principle
behind long bone fracture stabilization with func-
tional fracture braces.”* '

As the thumb CMC joint subluxes dorsally, the
mechanics of the thumb are altered, changing the bal-
ance of forces that cross the thumb metacarpopha-

langeal joint. A modified pull on the thumb metacar-
pophalangeal joint creates secondary problems of
imbalance at this joint.> Subluxation of the thumb
CMC joint may lead to secondary radial deviation
deformity of the thumb metacarpophalangeal joint
due to an adduction contracture of the first
metacarpal. Alternatively, a hyperextension deformity
of the thumb metacarpophalangeal joint may develo
as the flexion/adduction of the first metacarpal
allows a straighter line of pull of the extensor pollicis
brevis and extensor pollicis longus (see Figure 2 and
Figure 4, top left).

Early stabilization of the thumb CMC joint with the
small CMC immobilization splint allows mainte-
nance of the normal mechanics across the metacar-
pophalangeal joint. If the imbalance has already
begun, an extension of the CMC splint dorsally over
the thumb metacarpophalangeal joint to block it in
mild flexion can alter the pattern of motion during
pinch, slowing a further progression of this deformi-
ty (Figure 4).

One criticism is that this design deprives the palm
of tactile input. It is the activities of daily living
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FIGURE 5. The small thumb CMC immobilization splint does
not impede fingering or pinching activities, such as playing a
stringed instrument.

requiring pinch that primarily cause symptoms at the
thumb CMC joint.! Since this splint leaves the critical
digital sensory input unimpeded, it does not impair
pinching, fingering, or handling activities (Figure 5).
It may also be used without impairing most gripping
activities.

OBSERVATIONS

The smaller any splint, the more difficult it is to
make accurately. This small and seemingly simple
splint requires finesse and attention to detail to be
successful in controlling thumb CMC pain. Not all
patients can be helped with this CMC splint, but to
maximize the probability of symptom reduction,
attention to detail in construction of this splint is nec-
essary. The successful stabilization of the thumb
CMC joint with this splint design is dependent on 1)
an accurate pattern, 2) precise positioning of the
CMC joint during molding, 3) accurate molding to
support the first metacarpal out of a position of flex-
ion at the distal end, and 4) attention to detail so that
pressure is well distributed.

Accurate Pattern

To effectively immobilize the first metacarpal in a
position of palmar abduction, the splint pattern must
accommodate the first metacarpal position. In pal-
mar abduction, the metacarpal lies in a plane at a 90°
angle to the plane of the palm (the plane of the stable
second and third metacarpals.) It is the angle of the
large flange of the Y-shaped pattern” that allows pre-

This CMC pattern is available in pre-cut, sized thermoplastic
splinting kits from North Coast Medical, Inc., Morgan Hill,
California.

232 JOURNAL OF HAND THERAPY

cise molding around the first metacarpal in palmar
abduction (Figure 6). When therapists are taught this
design, the flanges are frequently drawn with unde-
sirable angles in the initial pattern. This results in dif-
ficulty with proper positioning of the first meta-
carpal, and the splint then does not provide adequate
support.

Precise Positioning of the CMC Joint
During Molding

After the pattern is drawn and traced on the ther-
moplastic material, the material is heated and cut.
While the patient’s elbow is stabilized on a work sur-
face, the patient is instructed to touch the tip of the
thumb to the tip of the index finger in a relaxed posi-
tion. This position will ensure that the patient can
comfortably reach the fingertips with the thumb. The
patient should not actively pinch while the splint is
being molded. If the thenar muscles are contracted
during molding, there will be too much space inside
the splint for the muscles to successfully stabilize the
metacarpal during pinch.

The fingers should be relaxed in flexion with the
wrist in extension. This position creates the natural
transverse metacarpal arch that should be incorpo-
rated into the splint.

Accurate Molding to Support the
First Metacarpal

As the thermoplastic material is cooling and
becoming firm, gentle pressure to mold the splint
should be applied over the thenar muscles palmarly
and over the proximal end of the first metacarpal

FIGURE 6. The pattern for the thumb CMC splint is Y-shaped.
Flange 1 is angled and wraps around the first metacarpal when
it is in a position of palmar abduction. The throat of flange 2 is
rolled prior to placing it through the thumb web space. Flange 3
wraps around the ulnar border of the hand.



dorsoradially (Figure 7). The therapist must actually
compress the thenar muscles slightly with the splint-
ing material, with specific molding distally on the
palmar piece to prevent the first metacarpal from tilt-
ing forward. Care must be taken not to push the
metacarpal into so much extension that fingertip
pinch becomes difficult or impossible. Attention
must also be given to ensuring that the palmar edge
of the splint is well below the thumb metacarpopha-
langeal joint, allowing full metacarpophalangeal flex-
ion. The therapist must be observant, to make the
splint long enough that it stabilizes the distal end of
the metacarpal but not so long that it impedes thumb
metacarpophalangeal flexion.

Pressure over the proximal end of the dorsoradial
aspect of the first metacarpal should be minimal. The
goal is to conform the splinting material snugly
around the entire thumb base, not to apply force to
attempt reduction of the dorsally subluxed meta-
carpal base. It appears to be the prevention of motion
at this joint during pinch that reduces pain, not the
ability of the splint to reduce the subluxation.
Pressure that attempts to reduce the joint can actual-
ly exacerbate the pain.?

Even patients with grossly dislocated CMC joints
can receive benefit from this CMC immobilization
splint, because it is the elimination of motion at this
joint and not the alignment of the joint that reduces
pain. Although such an application of a splint would
not in any way remediate the problem, the support
the splint provides during thumb use has consistent-
ly been reported by patients to reduce pain.

After molding, the strap is attached with a rapid rivet
on the overlapping flanges on the dorsoradial aspect of
the splint. The rivet serves to hold the two overlapped
flanges securely together. If a rivet is not used for the
strap attachment, the therapist should bond these two
flanges together before applying a strap.

When the completed splint is applied, the patient
should be instructed to push the splint down fully on
the thumb so that it is seated over the thenar area with
full contact. Splints that are quickly applied without
this downward pressure may be loose and may pro-
vide inadequate stabilization even with precision
molding,.

Distribution of Pressure Areas

There are three areas in which care must be taken
during molding, so that the splint fits comfortably:
the dorsoradial aspect of the base of the first
metacarpal, the first web space, and over the dorsum
of the second metacarpal.

When the splint is molded and counter-pressure to
the dorsoradial aspect of the CMC joint is applied, care
must be taken so that the edge of the splint does not
press on the area (see Figure 1, middle and right). This
area is often enlarged, with underlying osteophytes,

FIGURE 7. Gentle pressure is applied over the distal end of the
first metacarpal palmarly and over the proximal end of the
metacarpal dorsoradially as the thermoplastic material hardens.

and pressure from the splint edge may be uncomfort-
able. There is a fine line between the splint being long
enough to cover the metacarpal length and yet short
enough to allow unimpeded wrist motion.

If the base of the metacarpal is dorsally subluxed or
dislocated significantly, the bony prominence of the
base may poorly tolerate pressure. At times, gel
padding may be needed if counter-pressure over this
area is to be tolerated. Patients often state that they
feel the splint should cover the entire radial aspect of
the wrist, since there is referred pain proximal to the
thumb CMC joint. Even though patients often
request that the splint extend over the radial aspect of
the wrist, it is the author’s experience that the short-
er design adequately alleviates symptoms.

If the splint is pulled tightly through the first web
space during molding, radial deviation of the thumb
metacarpophalangeal joint and extension of the
index finger will cause the web skin to rub against
the splint, and comfortable wear of the splint is
diminished. Prior to application of the warm splint-
ing material, the web area of the splint should be
rolled to form a circle (see Figure 1, right, and flange
2 on Figure 6). Rolling strengthens this part of the
splint while minimizing bulk in the first web space.
While the patient holds the index and thumb finger-
tips touching (without pinching), the splint material
is gently brought through the first web. As the mate-
rial begins to harden, the curled material is lifted
away from the first web skin so that the material and
skin do not touch. The first web skin should not rub
against the splint when the patient holds a large
object with full extension and radial deviation of the
thumb metacarpophalangeal joint.

The ulnar border of the splint ends just as the
splinting material begins to wrap dorsally (see Figure
1, left). Pressure is well distributed over the abductor
digiti quinti muscle belly. If the ulnar border extends
too far dorsally, application and removal of the splint
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FIGURE 8. The CMC immobilization splint serves as an effective
base to stabilize the first metacarpal when force is being applied to
more distal joints. In this example, concurrent force to flex the
metacarpophalangeal and interphalangeal joints of the thumb is
applied to increase distal excursion of the extensor pollicis longus,
which is adherent over the first metacarpal where it was lacerated.

can be both painful and difficult for the patient.

On the radial border of the splint dorsally (Figure
1, left and right), the dorsal edge of the splint ends just
before the second metacarpal. There is little subcuta-
neous tissue padding in this area, and as the strap is
pulled firmly across the dorsum of the hand the radi-
al edge may press on the second metacarpal, causing
exquisite pain. Attention to this potential problem
can prevent unnecessary discomfort and increase
compliance.

On completion of the splint, ask the patient to
pinch both with and without the splint on. If the
patient cannot immediately appreciate a reduction
of pain with pinch with the splint on, the splint
should be remolded to better stabilize the first
metacarpal.

Patients who have just received an injection in the
thumb CMC joint will not be able to provide this
feedback, and the temporary enlargement of the joint
from the injection will cause the splint to fit poorly in
a few days. In such cases fitting of the splint should
be delayed for a few days or the patient scheduled to
return for remolding of the splint.

Material Recommendation

Thermoplastic splinting materials with memory
require constant pressure to ensure a conforming fit
while the material cools. Because there are numerous

small areas of this splint that require precise posi-
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tioning simultaneously, it is recommended that
materials with a strong memory be avoided. The con-
stant pushing necessary for molding these materials
prevents the accuracy of definitive molding. It is also
questionable whether splints made of thermoplastic
splinting material thinner than 1/8 inch provide ade-
quate stabilization.

Recommended Wear

There is little information in the literature regard-
ing suggested wearing schedules for CMC immobi-
lization splints to reduce painful symptoms of
osteoarthritis. When included, instructions for wear
vary from continuous wear for three to four weeks*
to intermittent wear when the joint is painful.”

Many patients present for medical intervention fol-
lowing an episode of overuse that has caused the
trapeziometacarpal joint to become inflamed. The
small splint described here should initially be worn
full-time for a period of two to three weeks (with
removal for skin care only). Following this period of
full-time immobilization, the splint is worn to pre-
vent irritation of the joint with repetitive thumb use
or to reduce symptoms after such irritation has
occurred. Most patients choose to wear the splint
routinely at night and are encouraged to do so. The
most important time to wear the splint is during
activities that cause pain at the CMC joint, and
patients are instructed to do so.

Numerous patients have elected to use the splint in
this manner over a number of years to control symp-
toms rather than undergo an arthroplasty procedure.
Unlike most splints applied to joints, this CMC splint
cannot be worn too long or too much. The problem at
the thumb CMC joint is one of excessive motion. It
would be ideal if the splint were worn enough for the
joint to “stiffen” and have greater stability.

A patient will eagerly wear the splint only if it is
molded correctly, with attention to detail for precise
support and positioning and avoidance of painful
pressure areas. When the splint is correctly molded,
patients report an immediate elimination or reduc-
tion of thumb CMC pain with pinch.

Use of this Design Following Thumb
CMC Arthroplasty, Sprain, or Strain

The small splint design described here may be fitted
to patients who have had CMC arthroplasty, after the
initial immobilization has been discontinued and
edema has subsided. This splint allows the patient func-
tional use of the thumb while protecting the healing
thumb CMC capsule. Since the patient contracts the
thenar muscles in the splint during pinch with the CMC
joint in a desirable position, this splint prepares the
patient for effective weaning from external support. For
patients who sustain a sprain or strain injury to the



thumb CMC joint, this small splint allows continuing
use of the hand while protecting the healing capsule.

Use as a Base Design for Other
Thumb Problems

The CMC immobilization design is useful to stabi-
lize the first metacarpal while immobilizing the
thumb metacarpophalangeal joint, or while mobiliz-
ing the thumb metacarpophalangeal and/or inter-
phalangeal joints. To immobilize or restrict thumb
metacarpophalangeal motion following ligamentous
injuries, the pattern can be extended to include the
metacarpophalangeal joint. This makes a removable
thumb metacarpophalangeal immobilization splint
that protects the thumb metacarpophalangeal from
external force without including the wrist joint.
Outriggers may be added to the CMC immobiliza-
tion splint to provide a pull to either the thumb
metacarpophalangeal and/or interphalangeal joint
(Figure 8). Since the base design adequately stabilizes
the first metacarpal, the force of the pull is efficiently
directed to the more distal joints.

CONCLUSION

This splint design has been used for more than 20
years with isolated trapeziometacarpal arthritis.
Many patients have returned for replacement
splints as old splints have become brittle and have
broken. It appears that thumb CMC pain can suc-
cessfully be controlled without including other
joints, if care is taken with positioning and molding.
Immediate reduction or elimination of pain with
pinch must be reported by the patient to ensure that
the splint has been molded correctly. If remolding of
the splint cannot achieve reduction or elimination of
pain with pinch, inclusion of either the thumb
metacarpophalangeal joint or the wrist, or both,
may be necessary to control symptoms.

With splinting being recognized as part of routine
initial care for the frequently occurring thumb CMC
osteoarthritis, hand therapists are often required to
construct custom-made thumb CMC immobilization
splints. This small splint, designed by the author, can
be completed in 15 minutes or less by a therapist
experienced in its design and fitting. Because the

small size of the splint allows unrestricted use of
adjacent joints, it is a cost-effective, efficient treat-
ment option for those patients who elect to postpone
or exclude surgical reconstruction for thumb CMC
joint pain.
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