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Abstract: Palmar (volar) plate interposition arthroplasty for osteo-
arthritis (OA) of the metacarpophalangeal (MCP) joints of the fingers is
a well-established technique. Its use has diminished since its initial
description and introduction because of poor results in patients with
inflammatory arthropathy and a difficult surgical technique. We report
the surgical technique and mid-term results of the novel Nottingham
interposition arthroplasty for noninflammatory MCP joint OA. A dual
dorsal and palmar incision is utilized to maximize the harvest of
interposition substance. The surgical technique is described and illus-
trated in full. Prospective data concerning pain, range of movement and
function are reported. The results of 12 arthroplasties in 9 patients are
reported. At a median follow-up of 76.1 months the median arc of
movement was 44 degrees, favoring an improvement in flexion. The
median visual analog score for pain was 0, with all but 1 patient
reporting no pain at all. Range of movement has been further improved
with a progressively less restrictive rehabilitation regimen giving a
median arc of 70 degrees in the more recent patients. Compared with
modern implant arthroplasty techniques, the Nottingham Palmar Plate
Arthroplasty has demonstrated favorable results in terms of range of
movement and most importantly resolution of pain. We consider it to be
a viable option in the first line management of MCP joint OA.
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T he palmar (volar) plate interposition arthroplasty, originally
described by Tupper at the Japanese Society for Surgery of the

Hand1 and later published in print,2,3 was an alternative to Vain-
io’s extensor tendon interposition arthroplasty.4,5 It was used in the
treatment of rheumatoid arthritis; the purpose being to prevent the
ulna drift and palmar subluxation of the metacarpophalangeal
(MCP) joint.2 The technique utilized a single, dorsal approach to
perform a full synovectomy, divide the radial collateral ligament

which allowed harvest and interposition of a distally based flap of
the fibrocartilagenous portion of the palmar plate. This flap was
sutured to the dorsal aspect of the metacarpal stump and the radial
collateral sutured to the palmar plate.2 Because of the generous
osteotomy of the metacarpal head, extensor rebalancing was
necessary. Although the results have been favorable in some
series,6 the technique has largely been superseded by silastic
implant arthroplasty in the treatment of painful rheumatoid MCP
joints and pyrocarbon replacement in osteoarthritis (OA).7

The surgical goals of an interposition arthroplasty of the
MCP joint are to replace the articulating surfaces with a robust
interposition substance, ensure stability of the joint, minimize
bone loss and permit early range of movement postoperatively
in order to achieve pain relief and good function. The original
Tupper technique presented practical difficulties: surgical
access to the palmar plate was difficult without a large meta-
carpal head osteotomy; the available volume of interposition
material from the fibrocartilaginous portion of the palmar plate
was limited; and the radial collateral ligament was divided,
potentially compromising joint stability.

The Tupper interposition has been proposed as an
acceptable treatment for postseptic or traumatic arthritis of the
MCP joint.8,9 However, the range of movement published in
these series is disappointing compared with that achieved using
current unconstrained arthroplasty implants.7

This paper reports the novel Nottingham Palmar Plate
Arthroplasty (NPPA) surgical technique. In order to overcome
the apparent limitations of the Tupper interposition, the NPPA
utilizes a separate palmar approach to expose the palmar plate.
This allows harvest of the entire palmar plate along with the A1
pulley whilst preserving collateral ligament stability.

INDICATIONS/CONTRAINDICATIONS
This technique is suitable for post-traumatic, postinfective or
primary osteoarthritic degenerative joint disease. Relying solely
upon the soft tissue envelope for joint stability, it is contraindicated
in inflammatory arthropathies where the collateral ligaments are
likely attenuated, or the palmar plate of poor quality.

Our standard practice is to ensure that all patients first
complete an adequate trial of nonsurgical treatment including
oral analgesics, protective splinting and intra-articular steroid
injection before being considered for surgery.

TECHNIQUE

Setup
Surgery is performed under general or regional anesthesia and
tourniquet control. The patient is positioned supine with the
arm extended over an arm table. Fluoroscopy or image
intensifier are not routinely required.

Approach
A curvilinear dorsal incision allows access to the extensor
apparatus. This is divided in the midline, either within the
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extensor communis tendon substance of the middle or ring
finger or between the communis and propius tendon in the
index finger. An off-center longitudinal capsulotomy is made to
minimize scarring between the extensor mechanism and the joint
capsule. Care is taken to preserve the periosteum over the distal
metacarpal shaft. Dorsal osteopytes are debrided from both sides
of the joint (Video 1, Supplemental Digital Content 1, http://links.
lww.com/BTH/A144).

A separate palmar incision is made to harvest the inter-
position material. The A1 pulley is identified and divided in the
midline.

Reconstruction
Retractors are carefully placed to protect the collateral
ligaments and the palmar plate (Fig. 1) and a conservative
osteotomy of the articular portion of the metacarpal head is
made (Fig. 2) preserving these crucial soft tissues.

Retraction of the flexor tendons, allows access to the palmar
plate (Fig. 3; Video 1, Supplemental Digital Content 1, http://
links.lww.com/BTH/A144). The palmar plate, the A1 pulley and
a cuff of periosteum from the metacarpal shaft are elevated in
continuity from the metacarpal (Fig. 4; Video 2, Supplemental
Digital Content 2, http://links.lww.com/BTH/A145). The distal
attachment of the palmar plate to the base of the proximal pha-
lanx is preserved, and the interval between the accessory col-
lateral ligament and the palmar plate divided longitudinally. The
process is repeated with the flexors retracted to the opposite side.
The interposition material, comprising the entire palmar plate and
the divided A1 pulley is easily retracted to inspect its deep sur-
face (Fig. 4; Video 2, Supplemental Digital Content 2, http://
links.lww.com/BTH/A145). Careful scrutiny of the palmar plate
and preoperative radiographs will identify any sesamoid bones. If
present, these are carefully denuded from the palmar plate and
excised. The palmar aspect of the cut metacarpal head is cleared
of any osteophyte that may prevent adequate flexion.

The interposition material is delivered into the dorsal
wound and checked to ensure no residual soft tissue attach-
ments limit its transposition. In particular the interval between
the released A1 and intact A2 pulley should be inspected
carefully and released if necessary. A 1.1 mm wire is used to
create 2 parallel osseous tunnels from the dorsal aspect of the
metacarpal. Distally, these emerge approximately midway
dorsopalmarly and bisect the radial-ulna width of the metacarpal
at 25% and 75%. Two braided, nonabsorbable sutures are passed
antegrade through the osseous tunnels (Fig. 5; Video 3, Supple-
mental Digital Content 3, http://links.lww.com/BTH/A146). The

position and tension of the interposition material is tested to ensure
full range of movement before being sutured into place with
adjacent mattress sutures. The sutures ends are passed retrograde
through the tunnels and a final check of interposition tension, joint
stability, and range of movement is made before definitively
securing the suture to the dorsal (proximal) tip of the interposition
material (Fig. 6). The suture knots are left deep to the interposition
material to prevent irritation of the dorsal tissues. The edges of the
interposition material are finally sutured with an absorbable suture
to the metacarpal periosteum preserved earlier.

Closure
The capsule and extensor apparatus are closed separately with
an absorbable suture before the dorsal skin wound is closed
(Video 3, Supplemental Digital Content 3, http://links.lww.
com/BTH/A146). The range of movement is checked finally
whilst inspecting the palmar aspect of the novel joint. The
palmar lip of the metacarpal head may require bevelling to
allow maximal flexion. If necessary, any remaining soft tissue
that may impede flexion can also be excised. The normal
tenodesis effect should be achieved. The palmar approach is
closed. Bulky absorbent dressings are applied, and the hand
rested in a plaster slab in the intrinsic plus position.

FIGURE 1. Clinical photograph showing retractors protecting the
collateral ligaments and palmar plate before metacarpal head
osteotomy.

FIGURE 2. Diagram demonstrating the dorsal and volar
osteophytes and the conservative osteotomy and debridement
required.

FIGURE 3. Clinical photograph showing retraction of flexor
tendons allows access to harvest the palmar plate.
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Rehabilitation
Patients are strictly elevated for the first week and prescribed
adequate analgesia and regular anti-inflammatory medications as
tolerated. Hand therapy is commenced at 1 week postoperatively.

During the evolution of this technique, our rehabiliatation
regimen has become increasingly unrestricted. The initial joints
(1 to 7) were rehabilitated using a restrictive regimen—either a
fixed resting splint in the intrinsic plus position and gentle
mobilization as able at 2 weeks; or an alternating flexion or
extension splint, again with gentle mobilization as able at 2
weeks. As our experience increased, it became apparent that the
interposition material was sufficiently robust to allow a more
progressive rehabilitation. As such, the latter 5 joints (8 to 12)
have been rehabilitated following a less restrictive regimen.
Unrestricted range of movement is encouraged from the first
appointment at 1 week postoperatively, with a palmarly based
thermoplastic resting splint used at night and if necessary,
during the day between exercises (Video 3, Supplemental
Digital Content 3, http://links.lww.com/BTH/A146).

CASE SERIES
A prospective record of patients undergoing NPPA under the care of the
senior author (J.A.O., level of expertise: Expert)10 was maintained. This
is a report of a series of the senior author’s standard practice. As such
local, regional or national ethical approval was not required.
Preoperative measurements of range of movement (dorsally sited
analog goniometer) and a visual analog score for pain (VASPain) were
recorded along with patient demographics. Follow-up was performed as
clinically indicated and included VASPain and range of movements
measurements. Patient reported outcomes were assessed using the
shortened Disabilities of the Arm, Shoulder and Hand (QuickDASH).11

All patients were invited for longer term face-to-face clinical review for
ongoing evaluation of this technique. If declining clinical review,
patients were asked to report any pain, complications or concerns.

Between July 2011 and August 2015, 13 NPPAs were performed
in 10 patients for OA of the MCP joints by or under the direct supervision
of the senior author (Table 1). The majority were performed in males
(male 7:female 3) with a mean age at surgery of 65.25 years (45 to 78 y).
All underwent surgery for primary osteoarthrosis of the MCP joint. All
surgery was completed without intraoperative or immediate postoperative
complication. One patient (with a single operated joint) has been
excluded from further analysis as they defaulted on all postoperative
follow-up and hand therapy, and there is no postoperative objective data
available. When contacted the patient reported no pain, full return to
previous employment as a manual laborer, and declined further clinical
review. Thus, results of 12 NPPAs in 9 patients are available for analysis.

Preoperatively, patients had a median range of movement from
0 to 45 degrees. Preoperative range of movement data was unavailable
for patient 1, but all remaining movement data points were available for
all 9 patients. The median preoperative VASPain was 7 (Table 1). At the
most recent contact at a median of 76.1 months (46.4 to 96.6 mo) all
patients reported improvement in pain with a median VASPain of 0, and
none reported any ongoing issues with the operated joint(s). Only 2
patients with three NPPAs accepted ongoing clinical review, for the
remainder the last objective clinical measurements are reported. Overall,
the median arc of movement was unchanged. However, the arc moved
to a greater degree of flexion [11 to 63 degrees, at a median 21.1/mean
of 30.6 mo (1.6 to 96.6 mo)]. The most recent 5 joints were rehabilitated
following an unrestricted regimen and range of movement in these
joints reflected a more functional range of movement between 15 and
80 degrees at 4.8 months (1.6 to 7.5 mo), with the median arc of
movement improving from 50 to 70 degrees (Table 1).

The QuickDASH was inconsistently completed by patients at last
follow-up. However, there was an overall improvement from 51.4
preoperatively to 41.0 postoperatively (in 9 joints at 30.6 mo). Inter-
estingly, a number of patients deteriorated with regards to their
QuickDASH score, despite reporting no pain and good function from
their operated MCP joints. On review, all patients had potentially
confounding pathology, that compromised overall function [ID 1—
bilateral thumb base OA and diffuse osteoarthritic finger distal inter-
phalangeal joints; ID 3—diffuse finger proximal interphalangeal joint
arthritis, multiply operated; ID 6 and 7 (same patient, adjacent joints)—
multiple nonhand-related comorbidities].

COMPLICATIONS
Postoperatively, a single patient (ID 1) developed superficial soft
tissue inflammation 6 months following surgery, secondary to a
prominent suture knot dorsally. This settled with excision of the
knot and continued satisfactory function of the interposition
arthroplasty. There have been no revision procedures or other
additional treatments performed.

To date, there have been no revision procedures performed
in patients with a NPAA, including during the earlier evolu-
tionary stages of the technique.8,12,13 However, should revision
surgery be required we can foresee no obstacle to performing a
standard implant arthroplasty given the preservation of the
collateral ligaments using this technique. Either a silastic or
nonsilastic implant could theoretically be used providing these
do not require the volar plate for stability.

FIGURE 4. Diagram and clinical photograph demonstrating the
harvest material and inspection of the deep surface of the
palmar plate.

FIGURE 5. Clinical photograph showing placement of the
transosseous sutures before fixing interposition substance.
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DISCUSSION
The NPPA has slowly evolved from the original interposition
arthroplasty as described by Tupper2 since 2008. The detailed
results of this evolutionary process have been presented
elsewhere.12,13 The current surgical technique has been the
standard practice of the authors for OA of the MCP joints since
July 2011. We report consecutive cases of the described
technique of NPPA as a single surgeon case series.

Implant use for symptomatic MCP joint OA has increased with
the improvement of nonconstrained implant design.7 Constrained
silastic implants continue to be popular but are often reserved for
inflammatory arthropathy because of their reported higher rate of
implant fracture and perceived problems in higher demand patients,
although these concerns are debated.14 Nonconstrained implants rely
solely on the integrity of the soft tissues as well as an adequate bone
stock in order to be effective.15 Despite the observed increase in use
and improved implant design, reported results remain similar to
historical results, with reliable pain relief and a postoperative range of
movement equivalent or slightly increased compared with the pre-
operative range.7,16–18 The use of nonsilastic implants is associated
with a risk of intraoperative periprosthetic fracture, symptomatic
loosening and implant failure.7,18,19 In addition, incorrect soft tissue
balancing can cause instability of the arthroplasty, compromising
function and necessitating revision.15

Vainio reports the technical difficulties associated with the
Vainio technique, noting that few surgeons outside of the

Rheumatism Foundation in Heinola have mastered the technique.
However, the results in rheumatoid are comparable to silastic
implants.5 However, Vainio also notes that the technique is contra-
indicated in post-traumatic arthritis because of intrinsic fibrosis, and
no comment is made on the suitability for primary OA.5

Long-term results for the original Tupper interposition
arthroplasty are limited. Favorable results have been reported in
rheumatoid arthritis6 and post-traumatic or postinfection.8

Gotze et al reported a median pulp to palm distance of 5 cm
(range: 0 to 10 cm) in their series of 13 rheumatoid patients
undergoing 59 Tupper interposition arthroplasties, at a median
of 3 years. Overall, 7 patients reported satisfaction with the
procedure, with 6 complaining of stiffness. Despite this, only 1
patient reported that they would decline the surgery should it
prove necessary again.6 Bolis et al8 treated 7 patients with post-
traumatic or postinfective arthritis using the original method of
Tupper,2,3 reporting results at a median of 4 years in 5 patients.
No patients reported significant pain, but 1 reported severe
stiffness. The median range of movement was 55 degrees
(range: 40 to 60 degrees).

The NPPA is the conclusion of the senior author’s 20-year
personal experience using interposition arthroplasty for
symptomatic arthritis of the MCP joint. The reported short-
comings of the original Vainio arthroplasty2,5,20 and the
observed difficulty in access for the Tupper arthroplasty1–3,20

have been overcome by the dual dorsal and palmar approaches

TABLE 1. Patient Demographics at Time of Surgery, and Preoperative and Postoperative Status

Preoperative Status Postoperative Status

ID Age Sex Finger Extension lag Flexion Arc VASPain Q-DASH Extension lag Flexion Arc VASPain Q-DASH

1 74 Female Index x x x 9 35 30 65 35 0 49
2 57 Male (a) Index 10 30 20 7 x 25 65 40 0 x
3 58 Male (a) Index 0 65 65 6 55 25 65 40 0 76
4 75 Male (b) Middle 0 20 20 6 x 0 50 50 0 19
5 45 Male Middle 0 55 55 7 34 10 50 40 2 x
6 58 Male (c) Middle 5 15 10 8 x 0 30 30 0 80
7 50 Male (c) Index 5 15 10 8 x 0 25 25 0 80
8 77 Male Middle 0 45 45 6 70 0 80 80 0 x
9 76 Male (b) Middle 5 30 25 6 63 30 60 30 0 19
10 66 Female Index 30 80 50 6 48 10 80 70 0 41
11 78 Male Ring 0 90 90 8 91 15 90 75 0 30
12 61 Male Middle 0 70 70 8 41 20 85 65 0 0

x represents a missing value.
Q-DASH indicates Quick Disabilities of the Arm, Shoulder and Hand; VASpain, visual analog score for pain.

FIGURE 6. Clinical photograph and diagram demonstrating the interposition substance in final position.
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and a more extensive harvest of interposition material. This
technique presents fewer risks than implant arthroplasty, miti-
gating any risk of intraoperative bony or implant fracture. In
preserving the collateral ligaments and minimizing the degree
of bone loss, the technique provides excellent constraint of the
joint, allowing immediate mobilization without fear of insta-
bility or dislocation. We report a similar, functional range of
movement compared with contemporary implant arthroplasty.7

As no NPPAs have been revised to date, it remains
uncertain how the palmar plate integrates with the osteotomised
metacarpal head. It is presumed that adhesion occurs with fib-
rosis, similar to the process observed in volar plate advance-
ment arthroplasty for dorsal fracture dislocations of the prox-
imal interphalangeal joint. Providing range of movement is
maintained whilst this process occurs, we postulate that a bio-
logical rebalancing of the arthroplasty matches the patients’
unique anatomy and function, although this remains unproven.
However, with our more recent removal of restrictions on
postoperative therapy (the most recent 5 arthroplasties) we have
seen a marginal improvement in the arc of movement achieved,
which supports this theory.

Although there is an observed loss of extension in many of
the patients, there is usually an associated and greater
improvement in flexion. We consider this to better represent the
functional requirements of the MCP joint, and likely mirrors the
functional arc needed during rehabilitation.21

We acknowledge that longer-term face-to-face clinical fol-
low-up is absent for many of these patients. However, all were
asked to report ongoing issues or pain when invited for review.
That the majority of patients felt it unnecessary to return for
clinical review is reassuring and supportive of their described
pain relief. We accept that this lack of clinical outcome data is
frustrating but considered compulsory review of happy patients
unethical in this context. We are unable to provide data con-
cerning the range of movement in the longer term but do not
predict a significant deterioration. We have not observed com-
plications of metacarpal resorption discussed by Riordan in the
historical patients previously reported,8 though acknowledge that
the longer-term outcome of these patients is unknown.

CONCLUSIONS
Mid-term results demonstrate that the NPPA provides excellent
pain relief and longevity. In the short-term we have
demonstrated equivocal results in terms of range of movement
and return to function with modern implant arthroplasty
techniques.7 On the basis of our cumulative experience and
early results using this technique, we recommend that the
NPPA is considered as a first line intervention for non-
inflammatory symptomatic MCP joint degeneration.
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