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Abstract Background: Trapeziometacarpal arthrodesis
(TMA) has been complicated by nonunion and hardware
failure. Questions/Purposes: We hypothesized that modi-
fication of the TMA technique with a locking cage plate
construct would afford reliable bony union while produc-
ing greater hand function than trapeziectomy with liga-
ment reconstruction and tendon interposition (LRTI) at
early follow-up. Methods: We enrolled 36 consecutive
patients with trapeziometacapal osteoarthritis (14 TMA
patients (15 thumbs), 22 LRTI patients (22 thumbs)).
The study was powered to detect a minimal clinically
important difference on the QuickDASH questionnaire
between groups. Secondary outcomes included Michigan
Hand Questionnaire (MHQ), VAS-pain, and EQ-5D-3L
scores. Patients were examined to evaluate thumb motion
and strength. TMA patients were evaluated clinically and
radiographically for union. Results: Mean follow-up was
15.6 months, and the mean age was 59.2 years. Union

was achieved in 14/15 (93%) of TMA thumbs. Improve-
ment in QuickDASH scores was similar after TMA and
LRTI (49 to 28 and 50 to 18, respectively). Postoperative
patient-rated upper extremity function, health status, and
pain were similar between groups. Pinch strength was
significantly greater after TMA (5.9 vs 4.7 kg). No differ-
ences in thumb or wrist range of motion were observed post-
opera t ive ly wi th the except ion of grea ter to ta l
metacarpophalangeal joint motion after TMA. Complications
after TMA included nonunion (7%), development of symp-
tomatic scaphotrapezotrapezoidal (STT) arthrosis (7%), symp-
tomatic hardware (7%), and superficial branch of the radial
nerve (SBRN) paresthesia (7%). Complications after LRTI
included subsidence (5%), MP hyperextension deformity
(5%), and SBRN paresthesias (5%). Conclusions: At early
follow-up, patient-rated function was similar among patients
undergoing TMA and LRTI. TMA produced 25% greater
pinch strength compared with LRTI. Despite historical con-
cerns regarding global loss of ROM with arthrodesis, motion
was similar between groups. Our observed TMA nonunion
rate of 7% is low relative to historically reported nonunion
rates (7–16%). Locking cage plate technology affords rigid
fixation for TMAwith promising early results noting reliable
bony union while minimizing complications.
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Introduction

The trapeziometacarpal joint of the thumb is commonly
affected by osteoarthritis, second in frequency in the hand
only to the distal interphalangeal joint, and it affects 1 in 4
women and 1 in 12 men [15, 19, 20, 24]. It is the most
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common site for surgery in the hand when surgery is sought
to treat an arthritic condition [20]. The surgical treatment
options offered to patients who fail nonoperative treatment
vary depending on the patient’s age, medical comorbidities,
functional demands, and radiographic staging but include
ligament reconstruction [8], metacarpal osteotomy [2], ar-
throscopy and debridement [12, 15], total joint arthroplasty
[1, 15, 28], silicone arthroplasty [1], trapeziometacarpal
arthrodesis (TMA) [1, 3, 10, 11, 13–15, 21–23, 26, 29],
and trapezial excision with or without ligament reconstruc-
tion and soft tissue interposition (LRTI) [1, 2, 4, 6, 9, 14–16,
21–23, 27–30]. Multiple systematic reviews have demon-
strated that no one surgical procedure is superior to another,
and that comparative studies are warranted [20, 31–33]. One
recent randomized study terminated early due to a high rate
of complications after TMA using a locking T-plate [18].

To date, there is a lack of consensus among hand
surgeons regarding surgical indications or surgical treat-
ment choice for TMA arthritis. Arthrodesis may be pref-
erable in younger and more active patient with moderate
to severe thumb trapeziometacarpal arthritis who needs to
maintain power grip and pinch secondary to his/her occu-
pation [13, 14, 23]. However, studies have shown that
arthrodesis is also a viable option for older patients with
moderate to severe thumb trapeziometacarpal arthritis [23,
26]. Complications associated with arthrodesis include
nonunion with rates of 7–16% cited in the literature [3,
10, 11, 14, 29], hardware complications [22], and a po-
tential predisposition to arthritis at adjacent joints [11]
with additional concerns for loss in range of motion and
an inability to flatten the hand [14, 21]. Alternatively,
criticisms associated with trapeziectomy include potential
shortening of the first ray, which can lead to decreased
thumb strength as well as subluxation or painful arthritis
of the pseudarthrosis between the base of thumb metacar-
pal and the scaphoid [5, 6, 15, 23, 30]. Even with a loss in
scaphometacarpal height seen in trapeziectomy alone
when compared with LRTI, short-term follow-up studies
have found no difference in pain/function scores or
grip/pinch strength [6, 9, 19, 24]. Despite these reported
complications, there are similar subjective and objective
outcomes when comparing arthrodesis with arthroplasty
[14, 23].

Previous studies have assessed TMA with K wires, ten-
sion band fixation, staples, compression screws, and
nonlocking plates, screws, and locking T-plates [3, 10, 11,
14, 21–23, 26, 29]. Use of a locking cage plate construct has
not been extensively studied for arthrodesis. However, when
comparing the size and geometry of such a plate with com-
monly used T-plates, there is reason to believe its mechan-
ical properties may provide robust stability and help to
produce superior rates of bony union. The purpose of this
study was to compare outcomes following locked cage plate
arthrodesis and LRTI for trapeziometacarpal arthritis of the
thumb. Our hypothesis was that TMA with a locking cage
plate construct would improve bony union rates compared
with historical results while producing greater subjective and
objective outcomes in the operative hand when compared
with LRTI at early follow-up.

Patients and Methods

Study Design

This study was performed in accordance with the strength-
ening the reporting of observational studies in epidemiology
(STROBE) statement. After obtaining institutional review
board approval for this longitudinal cohort study, we retro-
spectively identified 36 consecutive patients (14 TMA pa-
tients (15 thumbs), 22 LRTI patients (22 thumbs)) treated by
6 orthopedic hand fellowship-trained surgeons at our insti-
tution over 7 months in 2013 with either a TMA with a
locking cage plate or with LRTI. Surgical treatment was
based on surgeon and patient preference. These patients
had failed to improve after nonsurgical treatment and had
Eaton stages II, III, or IV primary osteoarthritis of the
trapeziometacarpal joint [7, 8]. Exclusion criteria included
prior surgical treatment of the trapeziometacarpal joint
(arthroplasty or arthrodesis) and a lack of English proficien-
cy by the patient. We did not observe any significant differ-
ences in baseline characteristics between the two groups
(Table 1).

Clinical examination combined with preoperative plain
radiographs or fluoroscopy images were used to establish
the diagnosis of thumb trapeziometacarpal osteoarthritis. A
preoperative Quick disabilities of the shoulder, arm, and
hand questionnaire (Quick DASH) was available in all but
three patients (1 TMA and 2 LRTI patients). To assess
patient-rated health status, preoperative EQ-5D-3L scores
were reviewed (9 TMA and 13 LRTI patients).

Surgical Technique

The TMA procedure was similar to the technique described
by Goldfarb et al [13]. The procedure was modified by using

Table 1 Baseline demographics

TMA LRTI

No. of patients 14 22
No. of thumbs 15 22
Follow-up (month)
Average 15.6 14.8
Range (min-max) 9.8–21.6 11.2–20.7

Age (year) 56.9 ± 6.9 61.5 ± 7.2
Sex (female) 11 (79%) 18 (82%)
Eaton stage (%)
Unknown 0.0 9.1
I 0.0 0.0
II 13.3 9.1
III 73.3 59.1
IV 13.3 22.7

Baseline severity
Quick DASH 49.0 ± 16.4 50.2 ± 19.6
EQ-5D-3L 73.1 ± 20.9 81.7 ± 15.8
Hand dominance (no. of patients)
Right 13 19
Left 1 3
Involved hand (no. of thumbs)
Right 8 11
Left 6 11

Involved hand on dominant side (%) 50 55
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a locking 4 × 2 or 3 × 2 hole cage plate with 2.0 mm screws
(Medartis, Basel, Switzerland), as illustrated in Fig. 1a. First,
a 3-cm incision was made on the skin over the dorsal radial
aspect of the first carpal metacarpal joint. Abductor pollicis
longus and extensor pollicis brevis tendons were
identified and protected. Care was taken not to enter the
scaphotrapezial joint when the capsulotomy and
subperiosteal dissection was performed. Joint surfaces both
at the first metacarpal base and the trapezium were denuded
of cartilage and subchondral bone and contoured in a cup
and cone fashion. Attention was then diverted to the radial
styloid and a series of larger size curettes were used to
harvest bone graft from the metaphysis of the distal radius.
Bone graft was packed into the trapeziometacarpal joint,
which was reduced into 30° of abduction, flexion, and
pronation so that the thumb rested against the dorsal aspect
of the index finger middle phalanx when the hand was held
in a fist as described by Leach et al. [18]. This was provi-
sionally maintained in position with a 0.062-in. Kirschner
wire and then a plate was placed on the dorsal aspect of the
joint. Nonlocking and locking screws were placed into the
first metacarpal, and two locking screws were universally
used in the trapezium. The joint reduction and position of the
plate and screws were evaluated again under fluoroscopy.
The remainder of the bone graft was tightly packed around
the joint before closure. The thumb was immobilized in a
thumb spica splint for two weeks followed by a thumb spica
cast for an additional 4 weeks. The cast was then replaced by
a removable thumb spica brace and a hand therapist started
standardized hand therapy focusing on increasing mobility
prior to strength.

The LRTI procedure was performed similarly to that
described by Kriegs-Au et al. [17] (Fig. 1b). A curvilinear
3–4-cm incision was made at the glabrous/nonglabrous
skin junction over the base of the thumb metacarpal
and extended proximally to the wrist crease. Abductor
pollicis longus and extensor pollicis brevis tendons were
identified and protected as well as the radial artery. After a
trapeziometacarpal and scaphotrapezial capsulotomy and
subperiosteal dissection were performed, the trapezium was
excised in its entirety. The flexor carpi radialis (FCR) tendon
was identified and dissected towards its insertion at the base
of the second metacarpal. A 1.5-cm second incision was

then made 7-cm proximal to the wrist crease over the FCR
tendon. With proximal and distal retraction, the tendon was
divided in its entirety and retracted into the distal wound.
The proximal incision was irrigated and the skin closed.
Progressively larger drill bits were used to create a bony
passage through the base of the thumb metacarpal. The FCR
tendon was passed from deep to superficial through this
osseous tunnel and then sutured back onto itself in the space
vacated by the excised trapezium while the thumb was
gently pulled distally to allow thumb suspension. After
wound and skin closure, the LRTI group had the same
immobilization period and standardized hand therapy as
the arthrodesis group.

Cohort Assessment and Statistical Analysis

We collected all follow-up data during study related exam-
inations at 6 weeks and 3, 6, 9, and 12 months, postopera-
tively. We obtained validated patient related questionnaires
in all enrolled patients to assess disability including
QuickDASH, Michigan Hand Questionnaire (MHQ), Visual
Analog Pain (VAS-pain), and EQ-5D-3L overall health sta-
tus scores postoperatively. The study was powered to detect
a minimal clinically important difference (MCID) of 14 on
the QuickDASH questionnaire between the treatment groups
[25]. Physical examination outcome data were also collect-
ed. We measured grip and lateral pinch strength using a
hydraulic hand dynamometer and pinch gauge (Lafayette
Instrument, Lafayette IN, USA). Active range of motion
measurements were evaluated in distance in centimeters of
thumb tip to small finger proximal digital crease (Fig. 2a),
distance in centimeters of volar index finger MCP joint to
table (Fig. 2b), degrees of total affected thumb MCP motion,
interphalangeal (IP) joint motion, affected thumb palmar,
and radial abduction motion, and wrist motion (flexion,
extension, radial, and ulnar deviation). We determined
whether fusion had occurred for TMA patients both clini-
cally (absence of fusion site tenderness to palpation) and
radiographically (bridging bone on plain radiographs). Ra-
diographic assessment was performed by a board certified
attending radiologist and was part of the official medical
record. The treating hand surgeon obtained and evaluated
fluoroscopic images for each LRTI patient to evaluate for

Fig. 1. Operative technique. a Radiographs of trapeziometacarpal
arthrodesis that was performed with a 3 × 2 hole locking cage plate
construct. b These radiographic images demonstrate the suspension of
the thumb metacarpal after LRTI performed with FCR interposition.

Fig. 2. a The measurement of thumb tip to small finger proximal
digital crease measurement (cm) is illustrated. b This illustrates the
distance of the volar index finger MCP joint to table measurement (cm).
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subsidence. Similarly, the treating hand surgeon documented
all complications that occurred in each group.

To test the study hypothesis, grip and pinch strength,
motion measurements, VAS-pain scores, and EQ-5D-3L
scores were analyzed with a student t test. MHQ and
QuickDASH scores were analyzed with a student t test and
one-way ANOVA. Any significant findings on one-way
ANOVA were further analyzed with Holm Sidak post-hoc
analysis. The threshold for significance was set at p < 0.05.

Results

Despite nonrandomization, the cohorts were similar preop-
eratively with regard to age, and distribution of both gender
and Eaton stage (Table 1). Preoperative Quick DASH and
EQ-5D-3L scores did not differ between the two groups,
indicating similar levels of baseline disability and general
health, respectively. Both groups demonstrated statistically
significant improvement in their Quick DASH scores that
exceeded the MCID (20.6 and 31.7 for TMA and LRTI,
respectively (Fig. 3).

With respect to the secondary outcomes the VAS-Pain
score (11 vs. 12) and the total MHQ score (63 vs. 74) were
similar between the respective TMA and LRTI groups
(Table 2). The operative one-handed activities of daily living
(ADL) subset score of the MHQ were greater after LRTI (61
vs. 87); however, there was no significant difference in two-
handed ADL scores. Remaining MHQ subcategories were
also similar between groups (overall function, pain, work,
aesthetics, and satisfaction). In addition, there was no differ-
ence in patient reported overall health status between the
TMA and LRTI groups (69 vs. 81, p = 0.09).

Lateral pinch strength was significantly greater in the
arthrodesis group (5.9 vs. 4.7 kg, p = 0.03); however, no

difference in grip strength was observed (25.0 vs. 27.9 kg,
p = 0.38). Total thumb MCP joint motion (59° vs. 45°, p =
0.02) and thumb palmar abduction (66° vs. 59°, p = 0.02)
were greater in the TMA group. There were no significant
differences in other range of motion metrics including total
thump IP joint motion (69° vs. 63°, p = 0.40), thumb radial
abduction (69° vs. 63°, p = 0.13), index finger MCP joint to
table distance (0.5 vs. 0.1 cm, p = 0.08), and thumb tip to
small finger MCP joint distance (0.5 vs. 0.4 cm, p = 0.55).

A total of four complications occurred in the TMA group
(Table 3). Union was confirmed in all but one thumb at latest
follow-up, representing a nonunion rate of 7%. Because of
functionally limiting pain, this patient was treated with re-
moval of hardware, trapeziectomy, and LRTI. One patient
experienced persistent pain and radiographs lacking bridg-
ing bone 4 months postoperatively, and was taken to the
operating room for nonunion repair. However, after removal
of the locking plate and screws, an assessment of the fusion
site revealed definitive bony union. The patient’s pain im-
proved after the second surgery, which suggests that the
symptoms were due to painful hardware (7%). Another
patient developed symptomatic STT arthrosis (7%), which
has been managed with a guided corticosteroid injection.

Fig. 3. The mean change in Quick DASH score from preop to postop
is displayed for both groups.

Table 2 Functional and physical examination outcomes

TMA LRTI P value

Patient-rated outcomes
Michigan hand questionnaire
Total score 62.6 74.1 0.07
Overall function 71.5 80.7 0.13
Total ADL 68.1 85.2 0.64
Operative 1-handed ADL 61.2 86.6 <0.01
Work 68.1 80.5 0.23
Pain 28.5 18.9 0.30
Aesthetic 82.7 89.5 0.30
Satisfaction 69.2 77.9 0.33
VAS-Pain 10.8 11.9 0.84
EQ-ED-3L health status 69.1 80.6 0.22

Physical examination outcomes
Strength
Pinch strength (kg) 5.9 4.7 0.03
Grip strength (kg) 25.0 27.9 0.38

Range of motion
Thumb to small MCP joint (cm) 0.5 0.1 0.08
Index MCP joint to table (cm) 0.5 0.4 0.55
Thumb palmar abduction (deg) 66 59 0.02
Thumb radial abduction (deg) 69 63 0.13
Total IP joint motion (deg) 69 63 0.40
Total MCP joint motion (deg) 59 45 0.02

Table 3 Complications

TMA (n = 15) LRTI (n = 22)

Nonunion 1 (7.1%) N/A
Symptomatic hardware removal 1 (7.1%) N/A
STT arthrosis 1 (7.1%) N/A
MP hyperextension deformity 0 1 (4.5%)
Subsidence N/A 1 (4.5%)
Paresthesias 1 (7.1%) 1 (4.5%)
Total complications 4 (28.4%) 3 (13.5%)
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One patient experienced paresthesias along the dorsoradial
incision in the SBRN distribution (7%), which resolved
without intervention.

A total of three complications occurred in the LRTI
group (Table 3). One patient experienced a hyperextension
deformity at the thumb MP joint 4 weeks postoperatively
(5%), which was managed with splinting. At later follow-up,
their deformity had corrected and they remained asymptom-
atic. One patient experienced persistent pain and subjective-
ly decreased strength and function 6 months postoperatively
and was noted to have subsidence (5%) of the thumb meta-
carpal but has not required revision surgery. One LRTI
patient experienced paresthesias in the SBRN distribution
(5%), which resolved without intervention.

Discussion

While the main goals of treatment of thumb trapeziometacarpal
arthritis are pain relief, strength, range of motion, and stability,
the optimal operative treatment to accomplish these goals is still
up for debate. Multiple systematic reviews have either shown
studies to have insufficient evidence or confirm that there is no
additional benefit of LRTI when compared with arthrodesis
[20, 31–33]. There also have been varied results of
trapeziometacarpal arthrodesis, mainly owing to the fact that
the fusion can be accomplished via a multitude of fixation
options [3, 14, 21, 23, 29]. The purpose of this study was to
compare outcomes following locked cage plate arthrodesis and
LRTI for the treatment of trapeziometacarpal arthritis. We used
subjective and objective criteria to compare the outcomes of
LRTI with TMA using locking cage plate technology. Both
groups showed improvement in their QuickDASH scores post-
operatively that exceeded the MCID. There was no significant
difference when comparing all patient-rated pain and general
health measures between the TMA and LRTI groups. Patient-
rated upper extremity function was similar between groups
based upon the MHQ total score.

This study has several limitations. It is a longitudinal
comparative study with a small sample size with a total of 37
thumbs (15 in the TMA group). One patient we encountered
during our enrollment period did not meet inclusion criteria
(prior failed artelon spacer); however, nonunion resulted
after attempted TMA. It is unclear how a larger sample size
would have affected the reported nonunion rate in the TMA
group. With a short-term mean follow-up of 15.6 months, it
is impossible to fully comment on the potential risk of
arthritis at nearby joints with arthrodesis or on the potential
risk of first ray shortening/subluxation with LRTI. A more
complete investigation of these issues would require a
longer-term longitundinal cohort study. Additionally, despite
similar baseline demographics, patients were not random-
ized to a treatment arm and potential selection bias by the
surgeons cannot be ruled out. Assessment of nonunion fol-
lowing TMA was limited by use of plain radiograph; CT
scan or MRI may have provided more certainty in the
diagnosis. However, the confirmatory power of plain radio-
graph was improved by the ability to perform repeat radio-
graphic and clinical examination over time. Lastly, the

results of this study are only applicable to arthrodesis with
a locked cage plate and screw fixation and not to other
fixation techniques. The locked cage plate used in this study
was not specifically designed for TMA arthrodesis. Design
of a more anatomy-specific plate, especially one that pro-
vides compression across the arthrodesis site, may lead to
improved outcomes and a lower nonunion rate. Finally, it is
unclear if the observation of a greater one-handed ADL
score after LRTI represents a true finding, especially in the
setting of a similar two-handed ADL score.

Multiple studies have either shown no difference in grip
and/or pinch strength or loss of range of motion in patients
undergoing arthrodesis [14, 21, 26, 29]. We observed that
the TMA group had significantly greater lateral pinch
strength. The increase seen in lateral pinch strength may be
explained by the more rigid construct allowed with locking
plate technology that permitted earlier return to use. We did
not observe any loss in range of motion after TMA as
compared with LRTI. Most likely, remaining motion at the
scaphotrapezial articulation compensates for the loss of mo-
tion of the trapeziometacarpal joint after fusion. However,
this raises concerns for increased wear of the scaphotrapezial
joint, and development of symptomatic arthrosis was ob-
served in one of the TMA patients. Longer-term study is
required to better understand the effect of TMA on the
scaphotrapezial joint.

In this study, we observed four complications in the
TMA group and three complications in the LRTI group.
The one nonunited TMA patient was treated with conversion
to LRTI. Our study found a 7% nonunion rate, which com-
pares very favorably with the current literature on nonunion
r a t e s f o l l ow ing a t t emp t ed a r t h r od e s i s o f t h e
trapeziometacarpal joint. Another TMA patient required sur-
gery for removal of symptomatic hardware in which bony
union was observed intraoperatively. All three complications
in the LRTI group were managed nonoperatively at latest
follow-up. One patient in both groups experienced paresthe-
sias in the SBRN distribution that subsequently resolved.

Study strengths include that all of these procedures
were performed by fellowship trained hand orthopedic
surgeons and thus it is very likely that there was not any
learning curve effect that could alter the results. The
inclusion of the Quick DASH, EQ-5D-3L, VAS-Pain,
and MHQ scores provides multiple patient-rated validated
outcome measures to allow us to gauge the effect of the
procedures on improving upper extremity function and
decreasing pain and disability. Moreover, our patient pop-
ulation was not limited to a certain age group, gender, or
Eaton classification stage and thus our results are applica-
b l e t o a w ide r ange o f pa t i en t s w i t h t humb
trapeziometacarpal arthritis.

In the most recent randomized study comparing arthrod-
esis with LRTI, Vermeulen et al. demonstrated significantly
more complications that were of clinical relevance or that
required revision surgery (71% vs. 29%, p = 0.016) in the
arthrodesis group [29]. Patients also were significantly more
likely to consider having the surgery again in the LRTI
group (86% vs. 53%, p = 0.025) [29]. Therefore, they decid-
ed to prematurely terminate the study. However as a result of
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ending the study early, they were not able to include the full
number of patients deemed necessary to attain statistical
power and as a result, most primary and secondary outcome
measures were underpowered without reporting of p values.
Our group has abandoned use of the locking T-plates used in
this study, as in our experience this construct has been
fraught with hardware failure, presumably from cyclic bend-
ing. Furthermore, while we do not know whether the lack of
bone grafting in the Vermeulen study played a role in their
observed rate of nonunion, we strongly advocate for and
routinely use autologous bone grafting as an adjunct to TMA
arthrodesis. The findings of our study may add needed
context to the findings of Vermeulen and highlights the need
for additional high quality therapeutic studies.

In conclusion, locking cage plate technology affords
rigid fixation for TMA with promising early results noting
reliable bony union while minimizing complications.
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