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Introduction

Carpometacarpal joint (CMCJ) arthritis is a common, often 
debilitating disease of the basal joint of the thumb, affecting 
nearly 17.7% of men and 21% of women.1 Arthritis of the 
first CMCJ, also known as the trapeziometacarpal joint, is 
often symptomatic and presents with pain and limitations in 
daily functional activities.2 A common radiographic classi-
fication system for CMCJ arthritis was proposed by Eaton 
and Glickel in 1987 and stages the pathological changes of 
the basal joint of the thumb.3 This classification system 
serves as an objective measurement of disease progression, 
provides prognostic information, and aids in the determina-
tion of optimal treatment methods.4 Initial treatment for tra-
peziometacarpal arthritis involves conservative measures 
such as rest, splinting, occupational therapy, and intra-artic-
ular steroid injections.5 When these measures fail to provide 
relief, surgical intervention is typically considered. There 
are a number of surgical options for management of trape-

ziometacarpal arthritis including ligament reconstruction 
(LR), interposition (using tendon, bone graft, or spacer), 
trapeziectomy, metacarpal osteotomy, arthroplasty, and 
arthrodesis.6-12 Each intervention can have multiple modifi-
cations as well as its associated benefits and risk, and for 
this reason there is no established gold standard.

Since its initial description in 1949, arthrodesis has been 
one of the most frequently used surgical techniques for 
CMCJ arthritis, in addition to LR.13,14 Arthrodesis is typi-
cally indicated for young, active patients, or for heavy labor-
ers, typically with an Eaton-Glickel stage III arthritis,15 
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although its efficacy has been demonstrated in older patients 
with lower stages of arthritis.16 Arthrodesis has been sug-
gested to provide a stable CMCJ with minimal postopera-
tive pain.12 Common disadvantages to arthrodesis include 
decreased range of motion (ROM) and the potential for 
nonunion.15 Although many studies, in mostly smaller case 
series, have individually investigated the various surgical 
techniques previously described for treatment of trapezio-
metacarpal arthritis, there is no comprehensive review of 
the literature specific to arthrodesis. This study aims to sys-
tematically review the current literature to assess patient 
demographics, clinical outcomes, and complications of tra-
peziometacarpal arthrodesis in the treatment of arthritis of 
the first CMCJ.

Materials and Methods

This analysis follows the Preferred Reporting Items for 
Systematic Reviews and Meta-analyses (PRISMA) guide-
lines.17

Identification and Selection of Studies

A systematic review of the current available literature was 
performed using various combinations of multiple search 
terms including “trapeziometacarpal arthrodesis,” “trapezi-
ometacarpal fusion,” “carpometacarpal arthritis,” and “car-
pometacarpal osteoarthritis” in PubMed and Google 
Scholar. Articles located by the search were independently 
assessed by title, abstract, or full article review by the 2 
senior authors for inclusion or exclusion (Figure 1). Articles 
that met inclusion criteria were reviewed and mined for 
subjective outcome, objective outcome, and complication 
data. Weighted means and proportions were produced based 
on homogeneous data from studies which met the inclusion 
and exclusion criteria.

Eligibility

Articles included in this systematic review met the follow-
ing inclusion criteria: assessed results of trapeziometacarpal 
arthrodesis for arthritis of the first CMCJ of the hand; pub-
lished in English in a North American or European peer-
reviewed journal; and reported at least one subjective or 
objective outcome such as ROM, strength, or functional 
outcome scores. Studies were excluded if they were a tech-
nique description, biomechanical analysis, or a review; 
were not written in English; reported no numerical subjec-
tive or objective data; were single case reports; analyzed 
patient data contained in other included studies; involved 
surgical treatments including other joints such as wrist 
arthrodesis; and were published in a non-American or non-
European journal.

Data Extraction and Analysis

The authors extracted, compiled, and analyzed demographic 
characteristics and all relevant surgical and functional out-
comes and complications. Data bias was assessed indepen-
dently by 2 authors (M.S.D. and A.F.) where results from the 
available studies were examined for potential missing studies 
in the form of publication bias, as well as in missing data 
within the included studies in the form of selective reporting 
bias. Outcome data were analyzed if the variable was reported 
by 5 or more articles and included pre- and postoperative Dis-
abilities of the Arm, Shoulder, and Hand (DASH) scores, 
visual analogue scale (VAS) scores, and grip strength; postop-
erative Kapandji scores, ROM of thumb extension/radial 
abduction, ROM of thumb palmar abduction, tip pinch 
strength, and lateral/key pinch strength. Complications were 
divided into major and minor, with major defined as requiring 
return to the operating room (OR) for additional surgery and 
minor defined as asymptomatic or requiring only conservative 
management. Of note, this simplified stratification system 
designates some complications, such as superficial nerve neu-
ropathies, as minor, though some may consider them to be 
major complications. The authors calculated frequency-
weighted means and proportions for homogenous data.

Results

Review of the literature resulted in 21 articles meeting 
inclusion and exclusion criteria accounting for 802 
patients and 914 thumbs as some patients underwent bilat-
eral procedures. Average age at the time of surgery was 
55.4 years (ranging from age 20 to 84) with a mean fol-
low-up time of 72.7 months (ranging from 3 to 336 
months). A minority of the patients were male (26.3%) and 
56% of the procedures were conducted on the patient’s 
dominant hand (data reported by 17 out of 21 articles). 
With regard to arthrodesis technique, Kirschner wire 
(K-wire) fixation was most used (51.3%), followed by 
plate fixation (24.6%), screw fixation (9.8%), tension 
band technique (7.1%), staple fixation (7.0%), and none 
(<0.1%). Among the 10 studies that reported numerical 
data regarding bone graft usage, 66.4% of patients received 
bone graft. Demographic data are summarized in Table 1.

Mean preoperative DASH score was 58 (N thumbs = 
149), while mean postoperative DASH score was 25.4 (N 
thumbs = 427), representing a difference in DASH scores 
of -32.6 points. Mean VAS score was 6.8 (N thumbs = 279) 
preoperatively and improved to 1.9 (N thumbs = 529) post-
operatively, with a difference of -4.9 points. Mean postop-
erative Kapandji score was 8.6.

Mean preoperative grip strength was 15.7 kg (N thumbs 
= 228), while mean postoperative grip strength was 23.0 kg 
(N thumbs = 561), with a difference of +7.3 kg. Mean 
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postoperative tip pinch strength and lateral or key pinch 
strength were 4.7 kg and 5.9 kg, respectively. With regard 
to ROM of the first metacarpophalangeal joint, mean post-
operative extension/radial abduction and palmar abduction 
were 40.3 degrees and 36.6 degrees, respectively. Func-
tional outcomes and ROM data are represented in Table 2.

In total, 445 out of 914 thumbs had complications, rep-
resenting a complication rate of 48.7% among all 21 stud-
ies. In all, 15.1% of complications were considered major 
(defined as requiring a nonroutine return to the OR), and 
33.6% of complications were minor (defined as requiring 

either nonoperative treatment or no treatment). One study 
described return to the OR for K-wire removal for 3 
patients that was not attributed to complications or symp-
toms—these were not considered complications for the 
purposes of the present study. The most common major 
complication was symptomatic hardware necessitating 
additional surgery (8.6%), while the second most com-
mon was nonunion requiring additional surgery (4.3%). 
“Other” major complications requiring return to the OR 
comprised 2.2% of major complications and are listed 
below in Table 3. The most common minor complications 

Figure 1. Identification of articles for trapeziometacarpal arthrodesis systematic review.
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were peritrapezial arthritis (8.5%), followed by nonunion 
(8.4%; asymptomatic and/or not requiring surgical man-
agement), radial nerve neuropathies (5.5%), superficial 
infections (1.9%), and complex regional pain syndrome 
(1.2%). “Other” minor complications comprised 8.1% of 
the total minor complications and are specified below 
Table 3, which summarizes all complication data.

Discussion

The trapeziometacarpal joint is a common location of 
arthritis in the hand and can cause pain in addition to com-
promising hand function. While nonsurgical treatments 
are available, patients experiencing significant symptoms 
resistant to conservative management may pursue surgical 

intervention. There are multiple surgical options available, 
including but not limited to LR, LR with tendon interposi-
tion (LRTI), trapeziectomy, arthroplasty, and arthrodesis 
(fusion), and others. However, there is no widely agreed 
upon gold standard treatment. A systematic review from 
2011 comparing 8 surgical techniques,16 a 2015 Cochrane 
review comparing 7 different surgical techniques,18 as 
well as a recent meta-analysis comparing 5 techniques, 
found no single method to be superior.19 The present 
review analyzes the demographic characteristics, func-
tional outcomes, and complications of trapeziometacarpal 
arthrodesis as a treatment for arthritis of the first CMCJ. It 
was concluded that although arthrodesis is associated with 
good functional outcomes; however, the procedure has a 
high complication rate.

Table 2. Functional Outcomes and Range of Motion.

Functional Outcome aArticles reported N (thumbs) Weighted mean

DASH score Preoperative 5 149 58.0
 Postoperative 12 427 25.4
 Delta ∆ –32.6
Pain VAS Preoperative 5 279 6.8
 Postoperative 10 529 1.9
 Delta ∆ -4.9
Kapandji score Postoperative 8 223 8.6
bExtension/radial abduction (Degrees) 13 472 40.3
bPalmar abduction (Degrees) 11 413 36.6
Grip strength (kg) Preoperative 5 228 15.7
 Postoperative 14 561 23.0
 Delta ∆ +7.3
Tip pinch strength (kg) Postoperative 11 528 4.7
Lateral/key pinch strength (kg) Postoperative 10 446 5.9

Note. DASH = Disabilities of the Arm, Shoulder and Hand; VAS = Visual Analogue Scale; MCP = Metacarpophalangeal.
aArticles that reported this information with clear numerical data.
bMovements at the MCP joint of the thumb.

Table 1. Demographics.

Demographic aArticles reported N (patients) N (thumbs) Count Percent (%) Weighted mean

Age (years) 21 802 914 55.4
Male 21 802 211 26.3  
Follow-up (months) 21 802 914 72.7
Dominant hand 17 727 407 56.0  
Surgical technique
 1. Kirschner wire 10 914 469 51.3  
 2. Plate 10 914 225 24.6  
 3. Screw only 6 914 90 9.8  
 4. Tension band 4 914 65 7.1  
 5. Staple 5 914 64 7.0  
 6. None 1 914 1 <0.1  
Bone graft usage 10 277 184 66.4  

aArticles that reported this information with clear numerical data.
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Trapeziometacarpal arthrodesis has been commonly 
used in the past, particularly for individuals with significant 
instability of the CMC joint.15,20,21 The procedure was typi-
cally reserved for younger patients, those with posttrau-
matic arthritis, or those requiring a high functional capacity 
of the hand.22 However, more recent studies demonstrated 
that arthrodesis can also be used in older patients with stage 
II or III osteoarthritis.16 Arthrodesis is known to increase 
thumb stability and durability.12,23,24 Additionally, the pro-
cedure generally provides adequate pain relief and 
strength.13,25 However, concerns remain with regard to 
complications, including nonunion, ROM limitations, and 
peritrapezial arthritis.24

Generally, functional outcomes following arthrodesis 
are considered to be comparable to other surgical tech-
niques.18,19 The current study found that arthrodesis has 
been associated with good clinical outcomes. Following 
surgical intervention, DASH score decreased by a mean of 
32.6 points to 25.4 points postoperatively, and VAS score 
by 4.9 points to 1.9 points postoperatively, while grip 
strength increased by 7.3 kg to 23.0 kg postoperatively 
(46.5% increase). In comparison, a prospective study of 56 
women who underwent either trapeziectomy alone or LRTI 
found that trapeziectomy resulted in postoperative DASH 
and VAS scores of 33 and 3.25, respectively, with a 47% 
increase in grip strength.26 LR with tendon interposition 
resulted in postoperative DASH and VAS scores of 27 and 
2.41, respectively, with a 74% increase in grip strength. 
With regard to ROM, a prospective study of 53 thumbs 
comparing LR versus LRTI also showed similar ROM out-
comes to the present study.27 Mean radial abduction was 43 
degrees and mean palmar abduction was 42 for LR, while 

mean radial abduction was 39 degrees and mean palmar 
abduction was 38 degrees for LRTI. The present study dem-
onstrated that arthrodesis results in a mean radial abduction 
of 40.3 degrees and a mean palmar abduction of 36.6 
degrees. Additionally, the mean postoperative Kapandji 
score of 8.6 indicates adequate oppositional mobility of the 
thumb. A comparative study of tendon position arthroplasty 
to arthrodesis also determined that tip pinch, key pinch, and 
grip strength outcomes were not significantly different, 
although ROM was higher in the tendon position arthro-
plasty group.28 However, 1 study found that patients who 
underwent LRTI had significantly better improvements to 
pain and function compared to arthrodesis.29 Despite largely 
satisfactory functional outcomes, the controversy surround-
ing arthrodesis stems from its associated complications.25

The present study showed a mean 48.7% complication 
rate, almost a third of which required return to the OR. The 
most common major complication was symptomatic hard-
ware (8.6%), while common minor complications included 
peritrapezial arthritis (8.5%), nonunion (8.4%), and radial 
nerve neuropathies (5.5%). Knightly and Sullivan stated in 
their metanalysis that arthrodesis had an unacceptably high 
complication rate. When compared to trapeziectomy and 
trapeziectomy with LRTI, arthrodesis is associated with a 
higher rate of complications and additional surgeries.16 The 
previously mentioned study comparing LR to LRTI noted 
only 5 complications in 53 thumbs representing only a 9.4% 
complication rate, none of which required reoperation.27 
Mureau et al28 showed that tendon interposition arthroplasty 
had a 12% lower complication rate than arthrodesis. Hattori 
et al30 performed arthrodesis in 38 patients using tension band 
fixation method and reported painful hardware necessitating 

Table 3. Complications.

Complication aArticles reported N (thumbs) Count Percent (%)

Major 17 914 138 15.1
 1. Nonunion revision 13 914 39 4.3
 2. Symptomatic hardware 9 914 79 8.6
 3. bOther return to operating room 11 914 20 2.2
Minor 19 914 307 33.6
 1. Nonunion 11 914 77 8.4
 2. Superficial infection 8 914 17 1.9
 3. Radial nerve neuropathies 13 914 50 5.5
 4. Complex regional pain syndrome 6 914 11 1.2
 5. cPeritrapezial arthritis 8 914 78 8.5
 6. dOther 12 914 74 8.1
Total complications 21 914 445 48.7

aArticles that reported this information with clear numerical data.
bFlexor pollicus longus rupture (1), difficulty removing Kirschner wire (K-wire) in clinic (1), deep infection (1), malpositioned hardware (2), general pain 
(4), scaphotrapeziotrapezoidal (STT) arthritis (3), painful osteophytes (2), radial nerve neuropathy (2), and unspecified complaints or complications (4).
cSTT arthritis, trapezial-trapezoid arthritis, trapezial-index metacarpal arthritis.
dMetacarpophalangeal (MCP) joint arthritis (26), reactive Dupuytren’s contracture (1), extensor indicis proprius rupture (1), dysesthetic scar (1), 
migration or loosening of hardware (5), intraoperative fracture (1), MCP synovitis (1), delayed union (12), scar pain (20), inadvertently buried K-wires 
(2), loss of digit length (1), K-wire fracture (2), and “other” (1).
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removal in 82% of the patients. The authors went on to rec-
ommend routine hardware removal which they noted as a 
significant disadvantage as compared to other procedures. 
Given the findings of the present study and previous litera-
ture, arthrodesis should be employed cautiously, as other 
surgical methods can provide equivalent functional out-
comes with a lower risk of complications.

Rates of nonunion vary significantly in the literature.24 
Singh et al31 compared K-wire fixation with internal fixa-
tion and found that K-wire was more often associated with 
nonunion. The majority of cases in the present review used 
K-wire fixation. It has been proposed that early removal of 
K-wires was associated with decreased joint stability and 
increased risk of nonunion.31 When compared to other fixa-
tion methods such as plate and screw, K-wire may result in 
less stability and delayed rehabilitation given its lesser 
rigidity and lack of permanent fixation.32,33 Nonunion has 
been associated with a need for additional surgery in some 
cases, but also with higher postoperative DASH scores.31

Peritrapezial arthritis is another known complication of 
arthrodesis. In fact, Carroll recommended in 1987 that 
arthrodesis be limited to patients under the age of 50 due to 
increased risk of arthritis of the surrounding trapezial joints. 
Although not always symptomatic, in some cases peritrape-
zial arthritis requires medical or even surgical interven-
tion.22,24 Rizzo et al noted a particularly high rate of 
peritrapezial arthritis at 31% but attributed this to a lengthy 
mean follow-up time of 11.2 years. The increased risk of 
peritrapezial arthritis is somewhat expected given that CMC 
arthrodesis redistributes axial load on to the scaphotrapezi-
otrapezoidal joint.34

The main limitation of this systematic review was het-
erogeneity of the outcome data. Inconsistencies in variable 
outcome measures, as well as outcome reporting limited 
both data analysis and article inclusion. Second, the varying 
arthrodesis surgical techniques may limit the external valid-
ity of our results. In addition to the risk of underreporting 
complications among retrospective cohort studies, the dis-
crepancies in follow-up time may have further influenced 
reported complication rates, especially for those that may 
take many years to develop, such as peritrapezial arthritis. 
Finally, many of the articles of inclusion were case series, 
and therefore constitute lower levels of evidence according 
to Grading of Recommendations, Assessment, Develop-
ment and Evaluations (GRADE) criteria.

Nevertheless, this review analyzes the patient demo-
graphics, functional outcomes, and complications of trape-
ziometacarpal arthrodesis as a treatment for arthritis of the 
first CMCJ. It is concluded that although trapeziometacar-
pal arthrodesis is associated with good functional outcomes 
and low to moderate patient-reported disability and pain 
scores, the procedure has a high 48.7% complication rate. 
The results of this study suggest that trapeziometacarpal 

arthrodesis should not be considered a first-line treatment 
for individuals diagnosed with carpometacarpal arthritis 
requiring surgical management. Future, well-powered stud-
ies that report standardized outcome measures are needed to 
assess trapeziometacarpal arthrodesis, as well as other pro-
cedures for carpometacarpal arthritis, in order to generate 
foundational datasets for comparative meta-analyses.
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