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1
Idiopathic trapeziometacarpal (TMC) arthrosis is also known as thumb base, basilar 
thumb, thumb basal joint, thumb/first carpometacarpal (CMC), or CMC-1 (osteo-)
arthritis, and rhizarthrosis. Common synonyms for arthrosis include osteoarthrosis 
and degenerative joint disease. Arthrosis and its synonyms refer to non-inflammatory 
arthropathy and are preferred over arthritis, meaning inflammation of a joint, because 
the pathophysiology rarely features inflammation1.

Epidemiology

Arthrosis is the most common disease affecting the hand joints2. Lawrence et al.3 found 
that the radiographic prevalence of arthrosis in one or more joints approaches 100% in 
people aged 65 years or older from a combined Northern England sample of 2296 people 
in 1963. In a population-based study of people aged 55 years or older, 62% had radio-
graphic hand arthrosis4. In the Framingham study of a Caucasian population aged 71 
years or older, 89% of men and 94% of women had radiographic hand arthrosis, and 13% 
of men and 26% percent of women had symptomatic hand arthrosis5. They also found 
that the prevalence of symptomatic hand arthrosis was higher than that of symptomatic 
knee arthrosis5.

Lawrence et al.3 found that only 21% of people with radiographic generalized hand 
arthrosis had symptoms. Oliveria et al. reported an incidence of patients seeking care for 
symptomatic hand arthrosis of 100 per 100,000 person-years6.

Even though a fraction of people with arthrosis report symptoms, the (socioeconomic) 
impact of arthrosis on an aging population is substantial. Besides direct healthcare costs, 
costs due to loss of productivity can have a substantial economic impact7. A study by 
Marks et al. showed that presenteeism (i.e., reduction in work productivity because of 
an individual’s state of health) associated costs contributed more to productivity costs 
than absenteeism (time absent from work due to illness) associated costs in patients with 
TMC arthrosis, before as well as 6 months to 1 year after treatment8. They also found that 
presenteeism was present in about 50% of patients at baseline (before treatment)8.

A previous study by Sodha et al. found an overall radiographic prevalence of TMC 
arthrosis reaching 91% in patients older than 80 years of age which increased steadily 
from the age of 41 years onward and more rapidly in women than men9. Another study 
found that 53% of 592 community-dwelling adults aged 50 years or older with a mean age 
of 64 years (62% women) had radiographic evidence of TMC arthrosis10. It seems safe to 
conclude that TMC arthrosis is an expected part of human aging4,9.

Sometimes it appears earlier after a fracture or dislocation of the TMC joint, but there is 
no relation to hand use (e.g., occupation or physical workload history)11,12. Furthermore, 
a cross-sectional birth cohort study of 82 well-functioning 90-year-old participants 
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found that a history of heavy occupational work was actually associated with the absence 
of hand arthrosis13.

Given that most older people have TMC arthrosis, it’s safe to assume that a large per-
centage of them (perhaps even most of them) never bring the problem to the attention 
of a health provider as is the case for hand arthrosis. They adapt to it. However, hand 
surgeons seem to regard TMC arthrosis as a condition that requires treatment in order 
for patients to rely on their hand. The concept that TMC arthrosis is an expected and 
inevitable part of human aging does not seem to be the general consensus. Perhaps the 
evidence is considered insufficient. In any case, a larger prevalence study seems war-
ranted.

Anatomy

Our opposable thumb allows motion in three anatomical planes: flexion-extension, 
abduction-adduction, and opposition. The thumb accounts for approximately 40–50% of 
hand function. The trapezium articulates with the base of the thumb metacarpal (TMC 
joint), base of the index metacarpal (trapezium-index metacarpal joint), trapezoid (tra-
peziotrapezoid [TT] joint) and scaphoid (scaphotrapezial [ST] joint).

The TMC joint is a biconcavoconvex or reciprocal saddle joint. The geometry of the 
trapezium in the TMC joint is concave in anteroposterior view and convex in lateral 
view14,15. The articulating surfaces of the base of the thumb metacarpal and the trapezium 
differ approximately 34%16. In resting position, the TMC joint is lax, loose, subluxable and 
unstable but becomes stable for the thumb to oppose14,15. The true keys to the anatomy, 
function and stability of the TMC joint are the beak of the thumb metacarpal, the recess 
in the volar trapezium (insertion of the volar beak ligament) and the dorsal ligament 
complex. These ligaments create stability for power pinch and grip during the final phase 
of opposition15.

Symptoms and disability

Symptom intensity and magnitude of disability vary greatly between patients with similar 
pathophysiology of TMC arthrosis. Many people with objective evidence of TMC ar-
throsis are asymptomatic and don’t realize that they have it. Radiographic findings have 
limited correlation with symptom severity11,17,18. In a study by Armstrong et al., only 28% 
of post-menopausal women with radiographically confirmed, isolated TMC arthrosis had 
ever complained of basal thumb pain while 6% without radiographic evidence of TMC or 
ST arthrosis reported complaints of basal thumb pain19. In the Framingham study, only 
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3% (2% in the right TMC joint and 3% in the left TMC joint) of male and 5% (both TMC 
joints) of female Caucasians aged 71 years or older had symptomatic TMC arthrosis5.

Current best evidence suggests that pain intensity and magnitude of disability relate 
more to mindset and circumstances than to pathophysiology but it is uncertain what 
best determines why some experience no pain at all. Lozano-Calderon et al.20 showed 
that depression, pain anxiety, and catastrophic thinking about pain were strong cor-
relates of disability in patients with symptomatic TMC arthrosis. Psychosocial factors 
could potentially explain the difference in symptoms and disability between symptomatic 
patients and people with an incidental, often asymptomatic diagnosis of TMC arthrosis 
who have similar pathophysiology. A better understanding of the differences between 
patients presenting for symptoms of TMC arthrosis compared to those with an incidental 
diagnosis of TMC arthrosis might inform on the optimal management of pain and dis-
ability associated with TMC arthrosis.

Measures that quantify symptoms and disability associated with TMC arthrosis are 
typically upper extremity, but not TMC arthrosis-specific: the Disabilities of the Arm, 
Shoulder and Hand (DASH), the shorter version of the DASH (QuickDASH), the Patient-
Rated Wrist (Hand) Evaluation (PRW(H)E), the Michigan Hand Questionnaire (MHQ), 
and the Australian/Canadian (AUSCAN) Osteoarthritis Hand Index21. General upper 
extremity symptom and disability measures may not discriminate well between differ-
ent conditions. A TMC joint-specific measure could be more responsive and might be 
able to discriminate TMC arthrosis-specific symptoms and disability from other upper 
extremity-related symptoms and disabilities. Citron et al. developed the Nelson Hospital 
Score, a TMC arthrosis-specific questionnaire used to assess postoperative symptoms 
and disability22. This questionnaire has not been validated for use with TMC arthrosis in 
other settings. Another TMC arthrosis-specific questionnaire could proof useful to assess 
symptoms and disability related to TMC arthrosis.

Diagnosis and radiographic staging

The diagnosis of TMC arthrosis is based largely on clinical presentation and physical 
exam. Radiographs are typically used for informing the patient or planning surgery. On 
inspection swelling or the typical “shoulder sign” (prominence of the thumb metacarpal) 
can be seen. The latter can be due to dorsoradial subluxation, osteophytes and inflam-
mation23,24. With continued dorsoradial subluxation, the thumb assumes an adducted 
posture. Over time, this results in a first web space contracture. In response to the ad-
ducted posture and to allow pinching, secondary thumb metacarpophalangeal (MCP) 
joint hyperextension forms due to repetitive stretching of the volar plate which results in 
a zigzag- or Z-deformity25.
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Palpation over the dorsal or dorsoradial side of the TMC joint can elicit tenderness 
or pain24, and pressure on the volar beak can also elicit tenderness or pain. The grind 
test is considered positive when axial compression and circumduction on the TMC joint 
produces crepitation and/or pain and has high specificity (80–97%) for the diagnosis of 
TMC arthrosis26,27.

The radiographic classification system developed by Eaton and Glickel17 is most widely 
used to determine the severity of TMC arthrosis (Table 1). Eaton and Glickel modified 
the earlier Eaton-Littler classification25 by adding sclerotic and cystic changes of the ST 
joint to stage 4. In addition, Eaton and Glickel no longer included subluxation of the 
thumb metacarpal in stage 2 but only kept this for stages 3 and 4 as “varying degrees of 
subluxation” instead of requiring a certain degree of subluxation. Finally, stage 3 went 
from a slightly narrowed joint to a markedly narrowed and obliterated joint.

TABLE 1. Radiographic Staging of TMC Arthrosis According to Eaton and Glickel (1987)17

Stage 1 The articular contours are normal. There may be slight widening of the joint space due to 
effusion or laxity of the ligamentous support of the TMC joint.

Stage 2 The TMC joint is slightly narrowed with minimal subchondral sclerosis. There may be 
joint debris < 2 mm in diameter in the form of osteophytes or loose bodies. The ST joint 
should appear normal.

Stage 3 The TMC joint space is markedly narrowed or obliterated with cystic changes, sclerotic 
bone, varying degrees of dorsal subluxation, and joint debris exceeding 2 mm in diameter. 
The ST joint is normal.

Stage 4 There is complete deterioration of the TMC joint as in stage 3 and, in addition, the ST 
joint is narrowed with apparent sclerotic and cystic changes.

Treatment

To date, there are no known disease-modifying treatments for arthrosis. Treatments are 
either palliative or reconstructive (salvage) (Table 2). Trapeziometacarpal arthroplasty is 
the most common arthroplasty for arthrosis in the upper extremity28. The relative value 
of these treatments is relatively unstudied.

One randomized controlled trial (RCT) and four uncontrolled studies suggest that 
splints decrease pain29-33 and disability29,31-33. A hand-based thumb spica splint with the 
IP joint free is commonly used. Data suggests that patients prefer shorter, more flexible 
splints and that short flexible splints are as effective as longer or more rigid splints29,33 but 
RCTs comparing flexible and rigid splints are limited.

An evidence-based review from 201034 identified one randomized placebo-controlled 
trial and two prospective studies on intra-articular corticosteroid injections for TMC ar-
throsis and found no benefit over placebo injection. One randomized placebo-controlled 
trial identified by the review, evaluated the differences in disability and pain intensity 
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between placebo, hyaluronan (sodium hyaluronate) and corticosteroid injections, and 
found no differences between the groups at any time point (2, 4, 12, and 26 weeks)35.

There are many operations for TMC arthrosis, the most common being trapeziectomy 
with or without biological or synthetic interposition, arthrodesis, osteotomy, and implant 
arthroplasty. A Cochrane review concluded that anything more than simple trapezi-
ectomy adds risks and delays in recovery. The review could not identify one surgical 
procedure with benefits in terms of pain, physical function, patient global assessment, 
range of motion or strength over the others36.

Variation in management of TMC arthrosis

The wide variety in medical resource allocation and utilization by provider (hospital 
or physician) or region are difficult to explain based on differences in pathophysiology, 
patient risk factors or patient preferences37-40. Variation that cannot be explained based 
on pathophysiology, patient risk factors or patient preferences is known as unwarranted 
variation41. Greater variation is observed for discretionary treatments, e.g., treatment of 
conditions that are self-limiting or part of normal human aging42-44. The extent of the 
treatment variation and number of people affected suggest an immense potential to 
reduce healthcare costs and improve the quality, safety, and efficiency of care through 
reduction in practice variation45.

The Eaton-Glickel classification17 is widely used to stage TMC arthrosis on radiographs 
but only has slight to moderate interobserver agreement in several studies with a small 

TABLE 2. Nonoperative and Operative Treatments for TMC Arthrosis

Nonoperative treatment Operative treatment

Education Arthroscopy and debridement of the TMC joint

Nonsteroidal anti-inflammatory drugs Volar ligament reconstruction

Hand therapy Metacarpal osteotomy

Splint Trapeziectomy with or without temporary pinning

Corticosteroid injection Trapeziectomy with ligament reconstruction

Hyaluronic acid injection Trapeziectomy with tendon interposition

Leech therapy Trapeziectomy with suspension and interposition arthroplasty

Trapeziectomy with ligament reconstruction and tendon 
interposition (LRTI)

Trapeziectomy alone with temporary postoperative pinning

TMC arthrodesis

Implant arthroplasty

Total TMC joint replacement
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group of observers (κ = 0.17 to 0.56)46-48. As mentioned earlier, Eaton and Glickel modi-
fied the earlier Eaton and Littler classification system25. Stage 4 of the Eaton-Glickel clas-
sification indicates narrowing of the ST joint with apparent sclerotic and cystic changes 
in addition to complete deterioration of the TMC joint as in stage 317. However, ST 
arthrosis can also appear with less severe TMC arthrosis than a completely deteriorated 
TMC joint19,49. Interobserver agreement of only the first three stages of the Eaton-Glickel 
classification has not been established but might be better than the full Eaton-Glickel 
classification. Also, it has not been established if patient or surgeon characteristics (e.g., 
patient sex, patient age, patient’s symptoms, surgeon sex, or surgeon training) influence 
Eaton-Glickel staging. If patient or surgeon factors are associated with this radiographic 
staging, this might explain (part of) the seemingly unsatisfactory interobserver agree-
ment.

Spaans et al.50 found that interobserver agreement on preferred treatment for 40 cases 
of TMC arthrosis among eight hand surgeons based on radiographs with additional 
clinical information (without physical examination findings) and the Disabilities of the 
Arm, Shoulder, and Hand score was only fair. In a survey among active members of the 
American Society for Surgery of the Hand, 62% preferred trapeziectomy with ligament 
reconstruction and tendon interposition (LRTI) for Eaton stage 351, despite the fact that 
trapeziectomy alone has been associated with fewer complications than trapeziectomy 
with LRTI, and that there is no evidence for the superiority of one surgical procedure over 
another36,52. This makes us wonder if patient but especially surgeon characteristics play a 
role in the treatment decision for TMC arthrosis.
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1
Aims and Outline of this Thesis

This thesis addresses three aspects of TMC arthrosis:
Part one consists of this introduction and thesis outline (chapter 1).
Part two of this thesis focuses on the aspects of patient presentation. Chapter 2 aims to 

confirm the age and sex-related radiographic prevalence of TMC arthrosis in more than 
2000 patients 31 years of age or older.

Chapter 3 addresses the differences in symptoms and disability between patients that 
present with symptoms and those in whom TMC arthrosis is an incidental finding. 
We hypothesize that patients who do not present for care of TMC arthrosis have less 
symptoms and disability, and that psychosocial factors (partially) explain the degree of 
symptoms and disability.

Chapter 4 describes the development and preliminary validation of a TMC joint-spe-
cific questionnaire, the Trapeziometacarpal Arthrosis Symptoms and Disability (TASD), 
to measure TMC arthrosis-specific symptoms and disability.

Part three of this thesis addresses nonoperative, palliative treatment for TMC arthrosis. 
When considering splint material, patients seem to prefer shorter neoprene splints that 
are equally effective but evidence is scarce. Chapter 5 describes an RCT comparing upper 
extremity-related disability, pain and satisfaction at follow-up (5–15 weeks after prescrip-
tion) between two known thumb spica splints; a pre-fabricated neoprene hand-based 
thumb spica splint with the MCP included and the IP joint free versus a similar custom-
made, thermoplastic splint.

Evidence about effectiveness of corticosteroid injections for TMC arthrosis is limited 
and suggests short-term relief at most but it is unclear whether a corticosteroid injection 
can decrease TMC arthrosis-related disability. This led to the study question if type of 
injection (corticosteroid versus placebo) is associated with upper extremity-related dis-
ability and pain in patients with TMC arthrosis. Chapter 6 assesses this question with 
data from a randomized placebo-controlled trial including patients with a diagnosis of 
TMC arthrosis and de Quervain syndrome.

Part four focuses on the substantial variability in medical services and related costs, 
diagnosis, and treatment due to the preferences and values of the treating physician. 
Chapter 7 sought factors associated with increased costs and surgery in the first year 
after diagnosis of hand arthrosis in three medical centers in one urban city in the United 
States, and the extent of practice variation between the six hand surgeons.

Interobserver agreement of only the first three stages of the Eaton-Glickel classification 
has not been established but might be better than the full Eaton-Glickel classification. It 
is also unclear if patient or surgeon characteristics influence interobserver agreement on 
the radiographic Eaton-Glickel staging. Chapter 8 compares the interobserver agreement 
of the first three stages and all four stages of the Eaton-Glickel classification. This chapter 



20 Chapter 1

also compares the interobserver agreement on the Eaton-Glickel classification between 
observers provided with radiographs alone and the other half provided with radiographs 
and clinical information, and assesses factors associated with the radiographic rating of 
TMC and ST arthrosis.

Treatment recommendations for TMC arthrosis are highly variable from surgeon to 
surgeon. An interobserver study50 has shown only fair agreement on preferred treatment 
for TMC arthrosis and another survey study51 among more than 1000 hand surgeons 
showed that more than 60% favors trapeziectomy with LRTI for Eaton stage 3 despite 
evidence of more postoperative complications compared to simple trapeziectomy and 
not one surgical procedure being superior over another. Chapter 9 randomized a large 
number of surgeons to give treatment recommendations based on randomly varied cir-
cumstances in order to determine what patient, surgeon and/or radiographic factors are 
associated with a recommendation for operative treatment for TMC arthrosis.

Finally, part 5 provides a summary and discussion followed by an overall conclusion 
and future perspectives (chapter 10) based on the study results presented in this thesis.
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