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Abstract

The anatomy of the thumb carpometacarpal (CMC) joint, as well as the force transmitted through it, makes it
extremely susceptible to osteoarthritis (OA). The thumb CMC joint has been reported as the most painful joint when
compared to other hand joints affected by OA. to provide an updated, systematic review of surgical management and
outcomes of the most commonly used surgical procedures to treat CMC joint OA presented in literature. we searched
Medline via PubMed, SCOPUS, Web of Science, Cochrane Central Register of Controlled Trials (CENTRAL), and
Google Scholar from their inception till January, 36 studies were included. the overall effect estimates showed that the rate
of pain at rest after metacarpal osteotomy was 25.1% (95% CI 9.6 — 40.7%); while the rate of satisfaction after metacarpal
osteotomy was 48.1% (95% CI 10.5 — 85.7%). The overall effect estimates showed that the rate of normal handgrip after
metacarpal osteotomy was 87.1% (95% CI 79.2 — 95%). the overall effect estimates showed that the rate of pain at rest
after Volar ligament reconstruction was18.4% (95% CI 11.5 — 25.4%) and the rate of satisfaction was 81.6% (95% CI 74.6
— 88.5%). no surgical procedure appears to be definitely superior to another for the management of first carpometacarpal
arthritis in terms of pain, physical function, patient global assessment, range of motion, or strength. Nevertheless,
participants who had trapeziectomy had fewer complications than those who had the other commonly used procedures

analyzed in the review.
Keywords: Operative, Carpometacarpal, Arthritis.

1. Introduction

The thumb is the most important digit of the hand
and greatly magnifies the complexity of human
prehension . Functionally, the most important joint of the
thumb is the carpometacarpal (CMC) joint, located at the
base of the digit [1].

Thumb base arthritis is a common affliction. It is
particularly common in females, with 33% of post
menopausal women affected. It wusually occurs
spontaneously, probably with a genetic
predisposition.Only occasionally are other causal factors
such as trauma or infection. Joint laxity may be a factor
in those with a younger onset [2].

The carpometacarpal joint of the thumb is the second
most common site of arthritis in the hand [3].

The thumb CMC joint obtains its stability primarily
through ligamentous support. A diagnosis of thumb CMC
arthritis is based on symptoms of localized pain,
tenderness and instability on physical examination, and
radiographic evaluation [4].

This joint is considered unstable when it exhibits
gross abnormal alignment, which is often combined with
excessive and aberrant mobility.

An unstable joint may, over time, become fixed and
deformed, which is characterized by varying and often
progressive dislocation of the joint surfaces, resulting in a
displaced axis of rotation and abnormal actions of thumb
muscles. The main consequence of the instability is most
often pain and weakness, most notably during pinch and
grasping actions [1].

In most persons, the CMC joint functions well
throughout a lifetime of relatively large imposed stress.
Force at the joint is partially absorbed and resisted by
healthy, strong ligaments. In addition, intact and healthy
articular cartilage can help to dissipate forces that cross
the joint. Unfortunately, however, in the case of trauma
or disease, ligaments may lose their ability to stabilize the

joint. Loss of stability at the basal joint of the thumb can
lead to arthritic changes within the joint, as well as
compensatory deformities in the more distal joints [1].

Fortunately, nonsurgical management can provide
sustained relief, especially in early disease. Furthermore,
when surgery is indicated, there are a variety of
procedures that can reliably improve thumb function and
engender high patient satisfaction, usually exceeding 90%
[5].

Surgical intervention is typically used when
conservative therapy is unable to retard the progression of
instability. Surgery is especially considered when the
instability is associated with uncontrollable pain and a
loss of function. The goals of surgery are essentially
similar to those of conservative intervention for the CMC
joint. Selection of the specific surgical procedure is based
on physical assessment and the radiographic findings of
the CMC joint [6].

The review presents a brief explanation of relatively
common surgical procedures for arthritis of the first CMC
joint.

Ligament reconstruction Stabilization of the painful,
hypermobile trapezio-metacarpal by reproducing the
palmar beak ligament with a portion of the flexor carpi
radialis tendon can effectively reduce symptoms [7];
progression to arthritis is perhaps slowed [8]. The
technique can be very effective in reducing the pain of
early stage arthritis as well. Attention has been drawn to
the potential importance of stabilizing the dorsal
ligamentous structures as well as the palmar beak
ligament.Potential disadvantages are stiffness and quite a
prolonged recovery [9].

A CMC hemiarthroplasty is generally indicated for
persons with marked arthritis and associated instability
that is limited primarily to the base of the
thumb[10].Hemiarthroplasty can provide a stable,
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painless, mobile thumb in cases of isolated osteoarthritis
of trapeziometacarpal joint in patients with good bone
stock [11] .

An arthrodesis of the CMC joint of the thumb is most
typically performed on a person with posttraumatic
arthritis or joint destruction that is limited to the base of
the thumb.Trapeziometacarpal arthrodesis provides
stability and strength. Despite clear advantages the
method has been criticized for different reasons:
predisposition to increased arthrosis at adjacent joints,
significant limitation in range of motion, limited ability to
flatten the hand, necessity for prolonged postoperative
immobilization, compensatory hyperextension of the
metacarpophalangeal joint (MCP) and a high rate of
nonunion [12].

The purpose of this work is to conduct a systematic
review study from former available studies to compare
between surgical treatment procedures for first
carpometacarpal arthritis regarding: postoperative long
term pain, stability, range of motion, hand grip power,
patient satisfaction and complications.

2. Methods

We performed this systematic review and meta-
analysis in accordance to the recommendations of the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement and Meta-analysis
Of Observational Studies in Epidemiology (MOOSE)
statement. PRISMA and MOOSE are reporting
checklists for Authors, Editors, and Reviewers of Meta-
analyses of interventional and observational studies.
According to International committee of medical journal
association (ICJME), reviewers must report their
findings according to each of the items listed in those
checklists [13].

The present review included studies that fulfilled the

following criteria:

1)Studies that included adults patients (aged > 18years
old) with osteoarthritis of the thumb carpometacarpal.

2)Studies that assessed the safety and effectiveness of
one of the following operative treatment for
osteoarthritis of the thumb carpometacarpal:

a. Volar ligament reconstruction,
b. Metacarpal osteotomy,
¢. CMC arthrodesis,
d. Trapeziectomy,
e. Trapeziectomy with TI,
f. Trapeziectomy with LR,
g. Trapeziectomy with LRTI,
h. Resection Arthroplasty,
i. Joint replacement.
3)Studies that reported any of the following outcomes:
a. Postoperative long-term pain.
b. Stability.
¢. Range of motion.
d.Hand grip power.
e. Patient satisfaction.
f. Complications.
4)Studies that were prospective or retrospective or
nonrandomized or randomized controlled trials.
We excluded
1. Review articles.
2. Non-English studies.
3. In-vitro studies.
4.Theses, dissertations and conference abstracts.
5. Trials with unreliable date for extraction.

An electronic search was conducted from the
inception till January 2020 in the following bibliographic
databases: Medline via PubMed, SCOPUS, Cochrane
Central Register of Controlled Trials (CENTRAL), and
Web of Science to identify relevant articles. We used
different combinations of the following queries:
((Thumb) OR (Carpometacarpal,)) AND (Osteoarthritis)
AND (Surgical).

3.Results

In the present study, we searched Medline via
PubMed, SCOPUS, Web of Science, Cochrane Central
Register of Controlled Trials (CENTRAL), and Google
Scholar from their inception till January. The search
retrieved 692 unique records. We then retained 109
potentially eligible records for full-texts screening.
Finally, 36 studies (4 Randomized Controlled Trials
(RCT), 13 Prospective Studies and 19 Retrospective
Studies ) were included; Fig (1).
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Fig (1) Metacarpal Osteotomy: Overall, five studies reported the rates of pain at rest for Metacarpal
Osteotomy Table (1).
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Table (1) Summary of Characteristics of the Included Studies Using Metacarpal Osteotomy..

Authors Year Country Study Population Procedure Level of

Design Evidence
Atroshi et 1998  Sweden. Retrospective Patients with Primary Osteotomy \%
al [14] trapeziometacarpal Trapeziectomy

arthrosis with LR
Hobby et 1998 England Prospective Patients with Osteotomy 11
al.[15] Study Painful
trapeziometacarpal
osteoarthritis
Holmberg 1996  Sweden. Prospective Patients with Radial, 30 degrees 11
and Study osteoarthrosis of wedge osteotomy
Lundborg[16] the trapeziometacarpal
joint

Molitor et 1991 England Pro and Patients with Basal osteotomy v
al.[17] Retrospective osteoarthrosis of the

study trapeziometacarpal

joint

Tomaino [9] 2000  Russia Prospective Patients with 30 degrees 11

Study osteoarthrosis of the extension

trapeziometacarpal osteotomy

joint

31

The overall effect estimates showed that the rate of pain at rest after metacarpal Osteotomy was 25.1% (95% CI 9.6 —

40.7%). The pooled studies showed significant heterogeneity (p =0.0001; 12 =73%; Fig (2).
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Fig (2) Forest Plot of rates of pain at rest for Metacarpal Osteotomy

The overall effect estimates showed that the rate of satisfaction after metacarpal Osteotomy was 48.1% (95% CI 10.5 —
85.7%). The pooled studies showed significant heterogeneity (p =0.0001; 12 =96% Fig (3).

Ismdiu Estimate {95% C.1.) Zv/Trt

\troshi et al. 1698
Mabby et al, 1098
Halmberg and Lundborg 1898 0.
Molitor et al, 1901
[Toenaino 2000

lOverall (I*2=06% , P< 0.001) 0.481 (0.105, 0.857) 44/95

Fig (3) Forest Plot of rates of satisfaction for Metacarpal Osteotomy.
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I. Volar Ligament Reconstruction; the studies included in Table (2).

Table (2) Summary Characteristics of the Included Studies Using Volar Ligament Reconstruction.

Authors Year  Country Study Population Procedure No.  Level of
Design Evidence
Eaton et 1984 USA. Retrospective  Patients with primary Ligament 100 1\
al,[18] Study trapeziometacarpal reconstruction
arthrosis
Freedman 2000 USA Retrospective  Patients with painful Ligament 19 1\
et al,[8] Study trapeziometacarpal reconstruction
osteoarthritis

The overall effect estimates showed that the rate of pain at rest after Volar ligament reconstruction was18.4% (95% CI
11.5 — 25.4%). The pooled studies showed no significant heterogeneity (p =0.76; 1 =0%: Fig (4).

Lmdnes Estimate {95% C.I.] Ev/Trt

(Eaton &t 2l 1984
Freedmen et al, 2000

Overall (1*2=0% , P=0.763) 0.184 (0.115, 0.254) 22/11%

[
i

Proporion

Fig (4) Forest Plot of rates of pain at rest for VVolar ligament reconstruction.

The overall effect estimates showed that the rate of satisfaction after VVolar ligament reconstruction was 81.6% (95%
Cl 74.6 — 88.5%). The pooled studies showed no significant heterogeneity (p =0.76; 12 =0% Fig (5).

Studies Estimate {35% C.I.} Ev/fxt
Eaton et 2l 1984 9.820 {0 895) 82 g
Freedman et al, 2000 0.789 (0.606, 0.973) ]
Overall ("2=0% , P=0.763) 0.816 (0.746, 0.885) 97/11%
4 0% 0B 0 2 0% B

Fig (5) Forest Plot of rates of satisfaction for VVolar ligament reconstruction.

Il. Thumb Carpometacarpal Arthrodesis; included studies in Table (3).
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Table(3) Summary Characteristics of the Included Studies Using Thumb Carpometacarpal Arthrodesis.
Authors Year Country Study Population No. Procedure Level of
Design Evidence
Hart et 2006 Germany Prospective Patients with 20 CMC arthrodesis 1
al.[19] Study primary
trapeziometcarpal 20 Trapeziectomy with
arthrosis LRTI
Schroder 2002 Germany Retrospective Retrospective 18 CMC arthrodesis vV
et al.[20] Study Study
18 Trapeziectomy withTI
Mureau 2001  Netherlands  Retrospective Retrospective 32 CMC arthrodesis \Y
et al.[21] Study Study
24 Trapeziectomy with Tl
Hartigan 2001 USA Retrospective Retrospective 58 CMC arthrodesis \VJ
et al.[22] Study Study Trapeziectomy with
49 LRTI
Conolly 1993 Australia. Retrospective Retrospective 16 CMC arthrodesis vV
etal.[23] Study Study 15 Trapeziectomy with
85 LRTI
Silicone arthroplasty
Amadio 1990 USA Retrospective Retrospective 16 CMC arthrodesis \VJ
et al.[24] Study Study 24 Different types of joint
7 replacements
Trapeziectomy with Tl
Kvarnes 1985 Norway Retrospective Retrospective 53 CMC arthrodesis \%
et al.[25] Study Study 12 Trapeziectomy
3 Silicone arthroplasty
Raven et 2006 Netherla Retrospective Retrospective 17 Trapeziectomy withTI \%
al.[26] nds Study Study 18 Resection
28 arthroplasty
CMC arthrodesis
Taylor et 2005 England Retrospective Retrospective 36 CMC arthrodesis \V
al.[27] Study Study Silastic trapezial
29 replacement
55 Trapeziectomy or
trapeziectomy with LR
Forseth 2003 USA Retrospective Retrospective 59 CMC arthrodesis \Y
et al.[28] Study Study (K-wire)
19 CMC arthrodesis

(plate and screw)

The overall effect estimates showed that the rate of pain at rest after Thumb Carpometacarpal Arthrodesis was 32.3%
(95% CI 21.5 — 43.2%). The pooled studies showed no significant heterogeneity (p =0.25; 12 =28%; Fig (6).

|$lud'es

Wmadio et al. 1690 /l <000, 0.379) 1
Raven et al. 2006 0.393 (0.212, 0.574) 11/28  §
Forseth et al. 2003 0.356 (0.234, 0.478) 21/59 - i

Overall (1"2=28% , P=0.251) 0.323 (0.215, 0.432) 35/103 —e

Fig (6) Forest Plot of rates of pain at rest for Thumb Carpometacarpal Arthrodesis.
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The overall effect estimates showed that the rate of satisfaction after Thumb Carpometacarpal Arthrodesis
was 55.7% (95% CI 36.7— 74.6%). The pooled studies showed significant heterogeneity (p =0.001; 12 =88%;

Fig (7).

tﬂldm Eatimata % C Y Ew/T

chrdder et al. 2002 0.889 (0 900} 16/18 5
Hartigan et al, 2001 0.411 (0. )y 23/56

Conoly et al. 1993
Wmadio et af 1990
[Raven et al. 2008
[Forseth et al. 2003

Overall {1*2288% , P< 0.001) 0.357 (0.367, 0.746) 52/193 —— T

26
Proportion

Fig (7) Forest Plot of rates of satisfaction for Thumb Carpometacarpal Arthrodesis.

The overall effect estimates showed that the normal range of motion after Thumb Carpometacarpal Arthrodesis was
64.1% (95% CI 13.8 — 100%). The pooled studies showed significant heterogeneity (p =0.001; 12 =92%; Fig (8).

H Ratsmsta JOQCE ~ T 1 BoiTr+
IStudles Estimate {95% C.I.) Ev/Trt

Schroder et al. 2002 0.889 {0.744, 1.000) 16/18 e

{hmadio et & 1990 0.375 {0.138

Overall (1*2=92% , P< 0.001) 0.641 (0.138, 1.144) 22/34
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Fig (8) Forest Plot of rates of hormal range of motion for Thumb Carpometacarpal Arthrodesis.

The overall effect estimates showed that the rate of normal handgrip after Thumb Carpometacarpal
Arthrodesis was 75.3% (95% CI 44.7— 100%). The pooled studies showed significant heterogeneity (p =0.017;
12 =82%; Fig (9).

L‘muies Estimate {35% C.I.] Ev/Trt
Schroder et al 2002 0.889 {0.744, 1.000) 16/18 B
Ravenetal 2006 0.607 10.426, 0.788) 17/28 B

Overall (1*2=82% , P=0.047) 0.753 {0.477, 1.029) 33/46

] a8 2
Propartion

Fig (9) Forest Plot of rates of normal handgrip for Thumb Carpometacarpal Arthrodesis.
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4. Discussion

In the present study, the overall effect estimates
showed that the rate of pain at rest after metacarpal
osteotomy was 25.1% (95% CI 9.6 — 40.7%); while the
rate of satisfaction after metacarpal osteotomy was
48.1% (95% CI 10.5 — 85.7%). The overall effect
estimates showed that the rate of normal handgrip after
metacarpal osteotomy was 87.1% (95% CI 79.2 — 95%).

In agreement with our findings, [29] evaluated the
long-term outcomes of first metacarpal extension
osteotomy for early CMC arthritis. The authors
retrospectively reviewed 13 patients who underwent first
metacarpal extension osteotomy between 1996 and 2005.
Ten of the 13 patients (77 %) were either satisfied or
very satisfied with their results. Of the eight patients who
agreed to repeat radiographs, five had no progression of
degenerative changes compared to pre-op radiographs
[29].

Likewise [30] evaluated the survival and long-term
outcomes of thumb metacarpal extension osteotomy for
early CMC arthritis. Patients who underwent a thumb
extension osteotomy between years 2000 and 2011 were
identified. Thirty-two procedures in 7 males and 21
females were performed (mean age, 44.8 y). Overall,
thumb metacarpal osteotomy provided some degree of
pain relief and improvement of function [30].

In the present systematic review and meta-analysis,
the overall effect estimates showed that the rate of pain
at rest after Volar ligament reconstruction was18.4%
(95% CI 11.5 — 25.4%) and the rate of satisfaction was
81.6% (95% CI 74.6 — 88.5%).

In line with our findings, [8] limited their
indications for volar ligament reconstruction to stage |
and stage Il disease. At an average follow-up of 5.2
years, all patients with stage | disease had good or
excellent results, with complete pain relief. Patients with
stage Il disease had 82% good to excellent results, with
70% pain relief. Follow-up radiographs showed no
further degeneration at the CMC joint. Pinch strength
averaged 108% of the contralateral Side and grip
strength averaged 105% of the contralateral side. All but
1 patient were able to oppose the thumb to the base of
the little finger [8].

At 15-year follow-up, all patients with stage | thumb
CMC arthritis who were treated with volar oblique
ligament reconstruction had high satisfaction rates; 65%
of patients showed no further progression of
radiographic CMC arthritis [4].

In the past decades, arthrodesis of the thumb CMC
joint has been another popular technique to treat OA at
the base of the thumb. In the present study, we found that
rate of pain at rest after Thumb Carpometacarpal
Arthrodesis was 32.3% (95% CI 21.5 — 43.2%), the rate
of satisfaction was 55.7% (95% CI 36.7— 74.6%), the
rate of normal range of motion after Thumb
Carpometacarpal Arthrodesis was 64.1% (95% CI 13.8—
100%), and the rate of normal handgrip was 75.3% (95%
Cl 44.7- 100%).

In concordance with our findings, a retrospective
study by [28]. in 2003 (level V) compared arthrodesis

35

using plate and screw fixation with a previously
published K-wire fixation group [28]. showed that the
satisfaction rate was 70% and almost 65% of the patients
had normal function[28].

5. Conclusion

No surgical procedure appears to be definitely
superior to another for the management of first
carpometacarpal arthritis in terms of pain, physical
function, patient global assessment, range of motion, or
strength.  Nevertheless,  participants who  had
trapeziectomy had fewer complications than those who
had the other commonly used procedures analyzed in the
review. However, given the lack of level I-I11 studies on
some of the reviewed procedures (volar ligament
reconstruction and metacarpal osteotomy for the early
stages of osteoarthritis and carpometacarpal arthrodesis
and joint replacement for the advanced stages of
osteoarthritis) and based on good results of
carpometacarpal arthrodesis and total joint prostheses in
studies with less methodological quality, we postulate
that there could be differences between the various
surgical procedures, certainly in the long term.
Therefore, RCTs of carpometacarpal arthrodesis and
total joint prostheses compared to trapeziectomy with
long follow-up are warranted. Furthermore, because
differences between the various techniques are small,
researchers should focus on developing more sensitive
outcome measures that are indicative of the specific
changes in hand function after carpometacarpal
osteoarthritis.
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