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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 
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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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Abstract

Background
Hand surgeons treat trapeziometacarpal arthrosis as if everyone with the disease presents 
for treatment despite evidence that suggests that trapeziometacarpal arthrosis is a normal 
part of human aging for which—it seems safe to assume—most people never seek medi-
cal attention.

Questions/purposes
The aims of our study were (1) to confirm the prevalence of radiographic trapeziometa-
carpal arthrosis in a very large sample and to determine if age and sex are associated 
with (2) any radiographic evidence of trapeziometacarpal arthrosis; and (3) radiographic 
evidence of severe trapeziometacarpal arthrosis.

Methods
A total of 2321 patients 31 years or older with radiographs obtained during treatment of 
a distal radius fracture at a tertiary care medical center emergency department between 
2002 and 2012 were analyzed. Trapeziometacarpal arthrosis was graded using the 3-point 
scale of Sodha et al. (none, definite, destroyed trapeziometacarpal joint); we used regres-
sion analyses to determine the association of age (in 10-year age groups) and sex with the 
presence of trapeziometacarpal arthrosis.

Results
The prevalence of trapeziometacarpal arthrosis steadily increased to 85% between the 
ages of 71 and 80 years and reached 100% in women (with 50% of them being classified 
as severe) aged 91 years or older and 93% in men of 81 years or older. Severe arthrosis 
was more prevalent at earlier ages among women and reached 35% in women and 34% in 
men who were 81 years or older. Logistic regression identified higher age as the strongest 
factor associated with trapeziometacarpal arthrosis, but sex was also a factor.

Conclusions
Radiographic trapeziometacarpal arthrosis is an expected part of human aging. Given 
that only three patients in this large cohort had evidence of prior surgery, it seems that 
most people adapt to trapeziometacarpal arthrosis. Treatments that optimize adaptation 
in patients who present with trapeziometacarpal arthrosis-related symptoms and dis-
ability merit additional study.

Level of evidence
Level IV, prognostic study.
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Introduction

Despite evidence suggesting that trapeziometacarpal arthrosis is a normal part of the hu-
man aging process (whose prevalence increases steadily from age 40 years onward with a 
91% prevalence in patients older than 80 years of age, according to one study1, to which 
most people presumably adapt, hand surgeons and their patients often conceive of it as a 
condition that requires treatment to depend on the hand. The realization that trapeziometa-
carpal arthrosis is so prevalent that one can safely assume that it is generally well tolerated 
provides patients with the relatively counterintuitive option of adapting to the changes.

Given that this concept is either inadequately proved or inadequately disseminated, we 
felt it important to perform a prevalence study similar to the one noted earlier1 but with 
a larger cohort of adult patients aged 31 years and older.

The aims of our study were (1) to determine the prevalence of radiographic trape-
ziometacarpal arthrosis and to determine if age and sex are associated with (2) any 
radiographic evidence of trapeziometacarpal arthrosis; and (3) radiographic evidence of 
severe trapeziometacarpal arthrosis.

Patients and Methods

This study was approved by our human research committee. Two thousand eight hun-
dred sixty patients who were seen at the emergency department with 2955 distal radius 
fractures from April 2002 through May 2012 were identified using a database of musculo-
skeletal injuries. Patients who were 31 years or older at the time of their visit and who had 
posteroanterior, oblique, and lateral radiographs of the wrist were included for analysis. 
Patients were excluded based on (1) prior visible surgery for trapeziometacarpal arthrosis 
on the side of the radiograph; and (2) pregnancy during the visit as required by our hu-
man research committee. Only one series of radiographs (the most recent) was included 
of patients who had visited more than once and/or for bilateral distal radius fractures. Six 
hundred thirty-four sets of radiographs were excluded: 95 sets were duplicates in patients 
with multiple distal radius fractures within the study period; 423 sets were in patients 
younger than 31 years of age; there were no radiographs in 24 patients; 89 sets were in-
complete or poor quality; and three hands (0.1% of all hands; three of 1175 [0.26%] of all 
patients diagnosed with radiographic arthrosis) had already had radiographic evidence 
of operative treatment for trapeziometacarpal arthrosis. This left 2321 radiographs for 
the analysis (Fig. 1). The average age of all 2321 patients was 60 ± 16 years (range, 31–101 
years), and 67% were women.

The radiographs were evaluated for trapeziometacarpal arthrosis based on a grading 
system developed by Sodha et al.1. This grading system has been proven to be reliable 
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Treated at emergency department for distal radius 
fracture (DRF): n = 2860 

(with 2955 DRFs) 

Excluded: n = 539 / radiographs = 634 
♦ Multiple DRFs in study period: n = 95 
♦ Age < 31 years: n = 423 
♦ No radiographs: n = 24 
♦ Poor quality or incomplete 

radiographs: n = 89 
♦ Radiographic evidence of operative 

treatment for trapeziometacarpal 
arthrosis: n = 3 

Analyzed: n = 2321 

FIG. 1 Flow diagram is shown detailing subject selection for study.

A

C

B

D

FIG. 2A–D Examples of trapeziometacarpal arthrosis according to each Sodha Grade. (A) Sodha Grade 1, no 
or nearly no trapeziometacarpal arthrosis. (B) Sodha Grade 2, definite trapeziometacarpal arthrosis but not se-
vere. (C) Sodha Grade 2 or 3, definite trapeziometacarpal arthrosis which might be graded as severe. (D) Sodha 
Grade 3, severe trapeziometacarpal arthrosis.
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(substantial intraobserver agreement and moderate interobserver agreement according 
to criteria of Landis and Koch2)1. The simple three-grade scale system is as follows: Grade 
1, no or nearly no trapeziometacarpal arthrosis; Grade 2, definite trapeziometacarpal 
arthrosis but not severe; and Grade 3, severe trapeziometacarpal arthrosis (Fig. 2).

Three research assistants (SJEB, JPB, MGJSH) graded 90 radiographs to evaluate in-
terobserver agreement. According to Landis and Koch2, the Fleiss multirater kappa (κ)3 
among the three observers showed a substantial overall agreement, κ = 0.62 (95% confi-
dence interval [CI], 0.52–0.71; p < 0.001). The agreement for the individual Grades was as 
follows: Grade 1, κ = 0.75 (substantial agreement; 95% CI, 0.63–0.87; p < 0.001); Grade 2, 
κ = 0.49 (moderate agreement; 95% CI, 0.37–0.61; p < 0.001); and Grade 3, κ = 0.55 (mod-
erate agreement; 95% CI, 0.43–0.67; p < 0.001). After the interobserver agreement was 
established, the research assistants (who all had an MD degree) each reviewed one-third 
of all radiographs, unaware of the patients’ sex and age.

Statistical analysis
An a priori sample size analysis showed that to be able to detect a prevalence of 50% with 
a 95% CI within 2.5% of the true prevalence (5% width of CIs), we needed 1537 subjects.

Prevalence rates are reported with 95% CIs. In bivariable analysis, the Pearson chi-
square test was used to assess the relationship between the grade of trapeziometacarpal 
arthrosis and age and sex. Ordinal logistic regression analysis was performed to evaluate 
the effect of age in 10-year groups and sex on the grade of trapeziometacarpal arthrosis 
(1, 2, or 3). Binary logistic regression analyses were performed to assess the predictive 
value of age group and sex on the presence of trapeziometacarpal arthrosis Grades 2 and 
3 combined and separately for Grade 3. A two-tailed p value of < 0.05 was considered 
significant.

Results

Prevalence of trapeziometacarpal arthrosis
The prevalence of radiographic trapeziometacarpal arthrosis increased steadily with age 
after age 31 years, reaching a prevalence of 100% in women older than age 90 years and 
93% in men 81 years or older (there were only six men older than 90 years in our cohort 
so the 67% prevalence in that age group is not reliable) (Fig. 3). Severe trapeziometacar-
pal arthrosis (Grade 3) was more prevalent among women and reached 35% in women 
and 34% in men who were 81 years or older and 50% in women older than 90 years (Fig. 
4). Prevalence rates of the presence of trapeziometacarpal arthrosis and severe trapezio-
metacarpal arthrosis are shown (Table 1) with 95% CIs for each 10-year age group.
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FIG. 3 The prevalence of trapeziometacarpal arthrosis increases with age in both men and women. *Note that 
there were only six men older than 90 years in our cohort; therefore, the prevalence among men in this age 
group is not reliable.

FIG. 4 The prevalence of severe trapeziometacarpal arthrosis increases with age in both men and women. *Note 
that there were only six men older than 90 years in our cohort; therefore, the prevalence among men in this age 
group is not reliable.
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Factors associated with the presence of trapeziometacarpal arthrosis
Increasing age and female sex are associated with radiographic trapeziometacarpal ar-
throsis. In bivariable analysis, women had a significantly higher prevalence of Grades 2 
and 3 combined or Grade 3 trapeziometacarpal arthrosis compared with men (p < 0.001). 
Evidence of Grade 2 or 3 arthrosis was seen in 56% of women compared with 36% of 
men, and Grade 3 arthrosis was found in 14% of women compared with 5.5% of men. The 
prevalence of the presence of trapeziometacarpal arthrosis (Grades 2 and 3 combined) 
significantly increased with age (p < 0.001) (Table 2). The prevalence of severe trapezio-
metacarpal arthrosis also significantly increased with age (p < 0.001) (Table 3).

TABLE 1. Age-Related Prevalence of Trapeziometacarpal Arthrosis (n = 2321)

Age group
(years)

Patients per Sodha grade

Grade 1 Grade 2 Grade 3 Grades 2 and 3

Number Prevalence
(95% CI)

Number Prevalence
(95% CI)

Number Prevalence
(95% CI)

Number Prevalence
(95% CI)

31–40 251 94 (92–97) 15 6 (3–8) 0 0 (0–0) 15 6 (3–8)

41–50 356 83 (80–87) 68 16 (12–19) 4 1 (0.02–1.8) 72 17 (13–20)

51–60 311 55 (51–59) 244 43 (39–47) 14 2 (1.2–3.7) 258 45 (41–49)

61–70 156 36 (32–41) 223 52 (47–56) 53 12 (9–15) 276 64 (59–68)

71–80 51 15 (11–19) 205 61 (56–67) 78 23 (19–28) 283 85 (81–89)

81–90 22 9 (5–12) 143 57 (51–63) 87 35 (29–40) 230 91 (88–95)

> 90 2 5 (−2 to 12) 20 50 (34–66) 18 45 (29–61) 38 95 (88–102)

CI = confidence interval.

TABLE 2. Bivariable Analysis: Sodha Grades 2 and 3 (n = 2321)

Parameter Patients per Sodha grade p value

Grade 1 Grades 2 and 3

Number Percent Number Percent

Sex < 0.001

Female 659 42 900 58

Male 490 64 272 36

Age group (years) < 0.001

31–40 251 94 15 6

41–50 356 83 72 17

51–60 311 55 258 45

61–70 156 36 276 64

71–80 51 15 283 85

81–90 22 9 230 91

> 90 2 5 38 95
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Sex (women) and older age significantly contributed to the ordinal logistic regression 
model and explained 41% of the variability in higher Sodha grade for trapeziometacarpal 
arthrosis (Nagelkerke R² = 0.41). Women were 1.3 times more likely to show radiographic 
evidence of trapeziometacarpal arthrosis (odds ratio [OR], 1.3; 95% CI, 1.0–1.5; p = 0.025). 
A 10-year increase in age increased the odds of trapeziometacarpal arthrosis by 2.6 (OR, 
2.6; 95% CI, 2.4–2.8; p < 0.001). The binary logistic regression model with sex (women) 
and higher age explained 43% of the variability in trapeziometacarpal arthrosis (Grades 2 
and 3 combined; Nagelkerke R² = 0.43), but sex did not reach statistical significance (OR, 
1.2, 95% CI, 0.97–1.5; p = 0.086). A 10-year increase in age increased the odds of having 
trapeziometacarpal arthrosis by 2.7 (OR, 2.7; 95% CI, 2.5–3.0; p < 0.001).

Factors associated with severe trapeziometacarpal arthrosis
For severe radiographic trapeziometacarpal arthrosis, increasing age was the only risk 
factor. The binary logistic regression model with sex (women) and higher age explained 
28% of the variability in severe trapeziometacarpal arthrosis (Grade 3; Nagelkerke R² 
= 0.28). Sex did not contribute significantly to the model (OR, 1.4; 95% CI, 0.95–2.0; 
p = 0.089). Severe trapeziometacarpal arthrosis was 2.4 times more likely with a 10-year 
increase in age (OR, 2.4; 95% CI, 2.1–2.7; p < 0.001).

TABLE 3. Bivariable Analysis: All Sodha Grades (n = 2321)

Parameter Patients per Sodha grade p value

Grade 1 Grade 2 Grade 3

Number Percent Number Percent Number Percent

Sex < 0.001

Female 659 42 688 44 212 14

Male 490 64 230 30 42 6

Age group (years) < 0.001

31–40 251 94 15 6 0 0

41–50 356 83 68 16 4 1

51–60 311 55 244 43 14 2

61–70 156 36 223 52 53 12

71–80 51 15 205 61 78 23

81–90 22 9 143 57 87 35

> 90 2 5 20 50 18 45
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Discussion

Awareness that trapeziometacarpal arthrosis is a normal part of human aging for which 
it can be assumed only a fraction of people seek help from a doctor; it gives patients and 
providers perspective as they search for the best ways to ensure a dependable hand as 
arthrosis develops. Studies that look at the prevalence of trapeziometacarpal arthrosis 
dichotomously (eg, before or after menopause) or clinically (patients that report symp-
toms) seems misleading compared with studies that assess the radiographic prevalence of 
arthrosis in small age groups over a continuum of ages. We felt there was a need to repeat 
the latter study in a larger cohort to increase awareness of and confidence in the finding 
that trapeziometacarpal arthrosis is an expected part of aging. We hope that this study 
confirming that age is strongly associated with trapeziometacarpal arthrosis—the finding 
that 100% of women older than 90 years of age have it in particular—will help patients 
and surgeons conceive of this disease as an expected part of aging to which most people 
adapt, that an arthritic hand can be a dependable hand.

This study had a number of limitations. It is possible that patients who fracture their 
distal radius are not representative of the entire population, but that seems unlikely. The 
interobserver agreement was not nearly perfect so ideally all raters would have examined 
all radiographs. The study design did not allow for assessment of symptoms and dis-
ability; in other words, we addressed pathoanatomy alone with no sense of how many 
patients considered their trapeziometacarpal arthrosis a health problem. There were only 
six men older than 90 years, limiting the validity and reliability of that age group.

The prevalence of trapeziometacarpal arthrosis is higher than what most hand sur-
geons cite, although there is evidence apart from the present study that it is indeed very 
common1. Several factors might help explain the discrepancies. First, most prior studies 
looked at single age cutoffs rather than the spectrum over all ages. In addition, most 
other studies used a single posteroanterior view and used the Kellgren and Lawrence 
grading system, which is not specific to the trapeziometacarpal joint4-8. Finally, studies 
that use radiographs of patients with fracture of the distal radius most likely have better 
representation of older aged patients than in prior studies. Marshall et al.6 found that 53% 
of 592 community-dwelling adults aged 50 years or older (mean 64 years; 62% women) 
had radiographic evidence of trapeziometacarpal arthrosis (which is comparable to 66% 
identified in our series). Dahaghin et al.4 found a lower radiographic prevalence of 36% 
among 3906 inhabitants of a suburb aged 55 years and older consisting of 58% women. 
A study by Wilder et al.8 found much lower rates of radiographic trapeziometacarpal 
arthrosis in a community-based study population for which 3327 participants with an 
average age of 62 years (range, 40–94 years) were recruited: 6.6% (9.0% in men versus 
5.7% in women) in participants aged 40 to 49 years, which increased to 36.4% (31.5% in 
men versus 39.3% in women) in participants who were 80 years or older. Armstrong et al.9 
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found a 33% radiographic prevalence of trapeziometacarpal arthrosis in postmenopausal 
women between the ages of 45 and 70 years, also lower than our results. The Copenhagen 
Osteoarthritis Study7 found that significant trapeziometacarpal arthrosis (Kellgren and 
Lawrence Grades 3 and 4) increased from 0% to 22.7% among men between 50 and 80+ 
years of age and from 0.9% to 36.9% in women between 50 and 80+ years of age. The 
prevalence of Kellgren and Lawrence Grades 3 and 4 in women was comparable to Sodha 
Grade 3 among women between the ages of 81 and 90 years in our cohort.

Age is the most important factor associated with radiographic trapeziometacarpal 
arthrosis and more severe disease. Compared with Sodha and colleagues1, the current 
study identified slightly more arthrosis in men and less severe arthrosis in women of 
comparable age, but our larger study confirmed their earlier findings.

The strengths of this study are the large sample size and the confirmed reliability of 
trapeziometacarpal arthrosis grading on standard wrist radiographs. The results of our 
study suggest that female sex might be less important than previously thought with older 
age being by far the dominant risk factor for radiographic trapeziometacarpal arthrosis, 
supporting earlier work that has identified age as a risk factor1,5,7-9. It appears that people 
who live long enough will get trapeziometacarpal arthrosis. This combined with the fact 
that only 0.1% of patients with a fracture of the distal radius were excluded from our 
analysis because of radiographic evidence of prior surgery, despite the very high observed 
prevalence of severe trapeziometacarpal arthrosis, suggests that most people adapt to tra-
peziometacarpal arthrosis. Treatments that optimize adaptation are an option for patients 
who experience symptoms and disability from trapeziometacarpal arthrosis and merit 
additional study.
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Abstract

Purpose
To test the hypothesis that there is no difference in trapeziometacarpal (TMC) joint 
arthrosis-related symptoms and disability between patients seeking treatment for symp-
toms of TMC arthrosis and those with incidental TMC joint arthrosis.

Methods
We compared 64 patients presenting for care of TMC joint arthrosis with 64 with in-
cidental TMC joint arthrosis. For both groups, the diagnosis was based on crepitation 
on examination. Bivariate and multivariate analyses assessed factors associated with 
symptoms and disability related to TMC joint arthrosis.

Results
In bivariate analysis, patients presenting for care of TMC joint arthrosis had significantly 
more symptoms and disability from TMC joint arthrosis than those with incidental 
TMC joint arthrosis. The best multivariate linear regression model for fewer TMC joint 
arthrosis-related symptoms and disability included patients with incidental TMC joint 
arthrosis, male sex, no other painful conditions, less catastrophic thinking, and fewer 
depressive symptoms and explained 74% of the variability. Having incidental TMC joint 
arthrosis (25%) and more adaptive coping strategies (less catastrophic thinking; 5%) were 
the most important contributors to fewer symptoms and less disability.

Conclusions
Future studies are merited to determine whether training in better coping strategies (eg, 
less catastrophic thinking and fewer depressive symptoms) can decrease symptoms and 
disability in patients with TMC joint arthrosis.

Type of study/level of evidence
Prognostic III.
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Introduction

Trapeziometacarpal (TMC) joint arthrosis is an expected part of human aging and is 
associated with variable pain intensity and magnitude of disability. The radiographic 
prevalence of TMC joint arthrosis rises with age from 13% to 17% in patients older than 
40 years to 91% in patients older than 80 years1,2. There is a weak correlation between 
radiological findings and symptoms and disability3-8. Patients with incidental TMC joint 
arthrosis diagnosed on examination may have psychological and/or pathophysiological 
differences that make the condition much less symptomatic and disabling than it is for 
patients presenting for treatment who have a similar examination. In addition to attempts 
to identify treatable variations in pathophysiology, factors responsive to established treat-
ments based on training in better coping strategies also merit investigation.

Because TMC joint arthrosis is an expected part of human aging, it seems safe to assume 
that not all patients complain of thumb arthrosis to their physician1,2. Trapeziometacarpal 
joint arthrosis is a common incidental, often asymptomatic finding on examination of 
patients presenting for care of another problem. We were curious about differences be-
tween patients seeking care for TMC joint arthrosis and those with TMC joint arthrosis 
identified incidental to the presenting problem.

This study addressed the primary null hypothesis that there were no differences in 
TMC joint arthrosis-related symptoms and disability between patients seeking treatment 
for symptoms of TMC joint arthrosis and those with incidental TMC joint arthrosis. In 
both sets of patients the diagnosis of TMC joint arthrosis was based on crepitation with 
axial pressure and circumduction of the TMC joint and not on radiographs. Secondary 
aims were to study the difference in upper extremity-specific disability as measured with 
the short version of the Disabilities of the Arm, Shoulder, and Hand (QuickDASH) ques-
tionnaire while accounting for other factors and to study the difference in psychological 
factors (pain catastrophizing, pain self-efficacy, and depressive symptoms) between the 
groups. Finally, we addressed whether static and/or passive thumb metacarpophalangeal 
(MCP) joint hyperextension were associated with greater TMC joint arthrosis-related 
symptoms and disability, upper extremity-specific disability, and pain.

Materials and Methods

Study design
We obtained informed consent from all patients enrolled in a study approved by our 
human research committee. Enrollment occurred between March 2012 and July 2013 
in a single orthopedic hand and upper extremity outpatient tertiary care center. Two 
cohorts of English-speaking patients aged 50 years or greater were established. These 
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were patients presenting for evaluation of symptoms related to TMC joint arthrosis and 
those presenting with another (bilateral or contralateral) condition and no symptoms 
related to the thumb, but for whom examination disclosed previously undiagnosed, 
incidental TMC joint arthrosis. Consistent with our clinical practice, both presenting 
and initial diagnoses of TMC joint arthrosis were based on crepitation with axial pressure 
and circumduction of the TMC joint, not radiographs, because this physical examination 
maneuver has a high specificity (80% to 97%) for the diagnosis of TMC joint arthrosis 
when based on pain or crepitation9,10. We speculated that the specificity is probably closer 
to 100% when looking for objective reproducible crepitation rather than pain. Therefore, 
we considered this to be a study of patients with moderate to severe TMC joint arthrosis. 
Exclusion criteria included prior thumb injury, prior surgery for TMC joint arthrosis, or 
current pregnancy (institutional review board mandated).

Measurements
We measured upper extremity-specific disability with the QuickDASH questionnaire, 
which has scores ranging from 0 to 100, with higher scores indicating more disability11,12. 
The QuickDASH can be used to assess disability in patients with TMC joint arthrosis13,14. 
Overall pain intensity at the base of the thumb(s) was measured with an 11-point ordinal 
scale from 0 representing no pain to 10 representing the worst pain ever15. Depressive 
symptoms were reported with the 9-item Patient Health Questionnaire (PHQ-9), on 
which a higher score indicates more depressive symptoms16. Catastrophic thinking was 
measured with the 13-item Pain Catastrophizing Scale (PCS), on which higher scores 
reflect more catastrophic thinking17. Self-efficacy was measured with the 10-item Patient 
Self-efficacy Questionnaire (PSEQ), on which lower scores indicate less pain self-efficacy18.

We measured TMC joint arthrosis-related symptoms and disability on a newly de-
veloped questionnaire (Appendix 1). The questionnaire is composed of 2 subscales: the 
first contains 7 items regarding symptoms and the second contains 5 items regarding 
disabilities (difficulty with thumb-related activities). The following symptoms were ad-
dressed: (1) pain at the base of the thumb(s) at rest; (2) pain at the base of the thumb(s) 
during activities; (3) tenderness at the base of the thumb(s); (4) swelling at the base of the 
thumb(s); (5) stiffness of the thumb(s); (6) decreased range of motion of the thumb(s); 
and (7) decreased strength when pinching or grasping objects. Severity of symptoms was 
measured on 5-point Likert scales ranging from 1 = none to 5 = extreme. The following 
activities were addressed: (1) opening a tight or new jar; (2) turning a key; (3) turning a 
doorknob; (4) pulling a zipper; and (5) grasping larger objects (glass, bottle, book, etc.). 
Difficulty in performing these activities was rated on 5-point Likert scales ranging from 1 
= no difficulty to 5 = unable. The score is calculated by summing all item responses. The 
score of the symptoms subscale can range from 7 to 35, and the disabilities subscale can 
range from 5 to 25 points. Higher scores indicate more symptoms or greater disability, 
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respectively. Total scores can range from 12 to 60 points. In the cohort with patients pre-
senting for TMC joint arthrosis, both the internal consistency of the symptoms subscale 
and the disabilities subscale were good as assessed by Cronbach coefficient alpha (α = .86 
and α = .88, respectively)19. In the cohort consisting of patients with incidental TMC joint 
arthrosis, the internal consistency of the symptoms subscale was excellent and that of 
the disabilities subscale was good as assessed by Cronbach coefficient alpha (α = .91 and 
α = .80, respectively)19.

A research assistant not involved in patient care measured grip and pinch strength of 
both hands. Measurements were recorded as the average of 3 attempts. A Jamar dyna-
mometer (Asimov Engineering, Los Angeles, CA) measured grip strength with the hand 
grip placed at the second or third station depending on the hand size and with the shoul-
der adducted and in neutral rotation, elbow at 90° flexion, and the forearm and wrist in 
neutral20. The B&L pinch gauge (B&L Engineering, Santa Ana, CA) was used to measure 
key pinch, thumb-index tip pinch, and thumb-index-middle tripod pinch20. Strength 
measurements of the affected side were compared with the opposite or least involved 
side (in case of bilateral involvement). Grip and pinch strength results are reported as the 
percentage of strength calculation (involved/noninvolved hand). The research assistant 
also assessed the positions of both thumb MCP joints in resting and pinch positions.

Physicians evaluated both thumbs for presence of pain and crepitation with axial 
compression and circumduction of the TMC joint, shoulder sign of first metacarpal 
base subluxation, adduction contracture, and both static and passive thumb MCP joint 
hyperextension.

Participants
Among a total of 234 patients screened for participation in the study, 43 (18%) declined, 
22 did not satisfy the inclusion/exclusion criteria (2 were not fluent in English, 2 had 
prior surgery for TMC joint arthrosis, 3 had prior thumb injury, 4 were previously diag-
nosed with TMC joint arthrosis, and 11 had the presenting condition on the ipsilateral 
side of the incidental TMC joint arthrosis), and 38 presenting with another condition did 
not have crepitation with axial compression and circumduction of the TMC joint. We 
enrolled 66 patients presenting for care of TMC joint arthrosis and 65 with incidental 
TMC joint arthrosis.

Among the 66 patients presenting for care of TMC joint arthrosis, 2 decided not to 
complete the questionnaires. Among the 65 patients with incidental TMC joint arthrosis 
who were enrolled, 1 decided not to complete the questionnaires.

Table 1 lists conditions or symptoms for patients with incidental TMC joint arthrosis.
We compared 64 patients presenting for care of TMC joint arthrosis with 64 with 

incidental TMC joint arthrosis (Table 2). The average duration of symptoms in the co-
hort that presented for TMC joint arthrosis was 33 months (range, 2 weeks to 15 years). 
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Patients presenting for care of TMC joint arthrosis were more often female and had more 
years of education than patients with incidental TMC joint arthrosis.

Sample size analysis
An a priori sample size analysis with a 2-tailed Student t test determined that 64 patients/
group were needed to detect a moderate effect size between the study groups at 80% 
power with a .05 significance level.

Statistical analysis
Response variables were TMC joint arthrosis-related symptoms and disability score, 
QuickDASH score, and pain intensity as measured with the ordinal scale. Pinch and grip 

TABLE 1. Presenting Conditions or Symptoms of Patients With Incidental TMC Joint Arthrosis (n = 64)

Presenting condition n

Carpal tunnel syndrome or cubital tunnel syndrome 10

One or more trigger fingers (1 after surgery) 6

Finger fracture 2

Partial finger amputation 2

Mallet finger 2

PIP sprain or dislocation 3

Nail or finger problem* 4

Finger arthrosis 4

Boutonnière deformity 1

Gout in a finger 1

Dupuytren disease 3

Ganglion cyst 3

Finger tumor (1 after surgery) 2

Wrist arthrosis 2

Nonspecific finger or hand pain 3

Nonspecific wrist pain or a sprain 4

Elbow fracture 3

Nonspecific elbow pain 2

Lateral epicondylitis 1

Proximal humerus fracture 2

Nonspecific shoulder pain 1

Nonspecific paresthesias after total shoulder arthroplasty 1

Chronic cervical radiculopathy 1

Distal biceps rupture 1

*i.e., nail deformity, eponichyal infection, finger laceration, and metacarpophalangeal radial collateral ligament 
injury.
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TABLE 2. Presenting for Care of TMC Joint Arthrosis Versus Incidental TMC Joint Arthrosis (n = 128)

Parameter Cohort Effect size P value

Care for TMC joint 
arthrosis (n = 64)

Incidental TMC joint 
arthrosis (n = 64)

Mean SD Range* Mean SD Range*

Age (years) 64 7.8 50–80 67 9.7 51–90 NS 0.17

Education (years) 16 2.8 12–22 15 2.5 8–20 0.23 0.0085

Body mass index 26 6.2 16–47 28 5.7 19–48 NS 0.092

Overall health scale 7.6 1.6 4–10 8.0 1.6 4–10 NS 0.069

TMC joint arthrosis 
questionnaire

34 9.4 13–56 16 5.2 12–35 0.79 < 0.001

Symptoms subscale 19 5.8 8–35 8.5 3.3 7–22 0.80 < 0.001

Disabilities subscale 15 4.7 5–25 7.2 2.8 5–16 0.71 < 0.001

QuickDASH 36 20 4.5–82 18 16 0–59 0.48 < 0.001

Pain scale 5.9 2.2 0–10 0.6 1.3 0–6 0.82 < 0.001

PCS 20 8.8 13–52 15 4.4 13–36 0.45 < 0.001

PSEQ 48 12 14–60 56 8.0 23–60 0.43 < 0.001

PHQ-9 4.5 6.0 0–27 2.1 3.9 0–24 0.25 0.0054

Thumb MCP joint in resting 
position left (degrees)

19 12 −15 to 55 16 12 −15 to 45 NS 0.26

Thumb MCP joint in resting 
position right (degrees)

19 13 −15 to 55 16 10 −10 to 45 NS 0.18

Thumb MCP joint in pinch 
position left (degrees)

7.7 25 −40 to 65 7.2 24 −35 to 55 NS 0.80

Thumb MCP joint in pinch 
position right (degrees)

5.9 23 −45 to 55 4.5 21 −35 to 50 NS 0.68

Key pinch strength (%) 90 24 47–225 101 28 48–247 0.33 < 0.001

Tip pinch strength (%) 87 21 30–132 108 44 54–371 0.34 < 0.001

Palmar pinch strength (%) 88 22 25–138 107 55 56–467 0.24 0.0065

Grip strength (%) 90 24 0–141 100 38 33–316 NS 0.20

Number % Number %

Type of outpatient visit NS 0.99

Initial 39 50 39 50

Follow-up 25 50 25 50

Sex 0.017

Male 17 36 30 64

Female 47 58 34 42

Race NS 0.50

White 64 50 64 50

Black 0 0 2 100

Ethnicity NS 0.50

Non-Hispanic 62 49 64 51

Hispanic 2 100 0 0
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TABLE 2. (continued)

Parameter Cohort Effect size P value

Care for TMC joint 
arthrosis (n = 64)

Incidental TMC joint 
arthrosis (n = 64)

Number % Number %

Marital status (n = 127) NS 0.69

Single 11 50 11 50

Living with partner 5 71 2 29

Married 35 51 34 49

Separated or divorced 7 44 9 56

Widowed 5 38 8 62

Work Status NS 0.89

Working, full-time 16 48 17 52

Working, part-time 10 50 10 50

Homemaker 2 33 4 67

Retired 30 50 30 50

Unemployed, able to work 4 67 2 33

Unemployed, unable to work 2 67 1 33

Smoking status NS 0.75

No 58 50 59 50

Yes 6 55 5 45

Dominant hand NS 0.65

Left 5 50 5 50

Right 58 51 55 49

Bilateral 2 33 4 67

History of joint disease NS 0.018

No 21 36 37 64

Osteoarthritis 38 61 24 39

Osteoarthritis and 
inflammatory arthritis

5 63 3 38

Prior hand or arm surgery NS 0.28

No 42 54 36 46

Yes 22 44 28 56

Other painful condition (n = 127) < 0.001

No 18 32 39 68

Yes 45 64 25 36

Physical examination by surgeon

Shoulder sign, left or right, or both < 0.001

No 19 27 51 73

Yes 45 78 13 22
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strengths were also considered response variables because they were partly voluntary. The 
remaining variables were all considered explanatory variables.

Continuous variables are reported with means, SDs, and ranges. Kolmogorov–Smirnov 
test showed that the data were not normally distributed, and therefore we performed 
nonparametric tests to assess the relationship between 2 variables.

We evaluated categorical variable differences with the Pearson chi-square test and used 
Fisher exact test when the minimum expected cell frequency was less than 5. Differences 
between continuous and dichotomous variables were measured with the Mann–Whitney 
U test and we measured the difference in mean score between more than 2 groups with 
the Kruskal–Wallis test. An effect size (r) was calculated from the Z value of Mann–Whit-
ney U test for tests with P < .05. Continuous variable relationships were examined with 
Spearman correlations.

Variables that were significant (P < .05) or nearly significant (P < .10) in bivariate 
analysis were entered into a backward stepwise multivariate linear regression analysis. 
A multivariable regression model produces a so-called adjusted R-squared. This statistic 
value reflects the percentage of overall variability in the dependent variable that can be 
explained or accounted for by the variables included in the model. Another important 
statistic is semipartial R-squared, which reflects the unique contribution of a predictor 
to R-squared after the contributions of other predictors have been removed. Categorical 
variables were analyzed using dummy coding.

In case of missing items on a questionnaire, the score was scaled based on the number 
of items completed by the study participant. These adjusted total scores were rounded to 

TABLE 2. (continued)

Parameter Cohort Effect size P value

Care for TMC joint 
arthrosis (n = 64)

Incidental TMC joint 
arthrosis (n = 64)

Number % Number %

Adduction contracture, left or right, or both 0.0049

No 47 44 59 56

Yes 17 77 5 23

Static thumb MCP joint hyperextension, left or right, or both NS 0.59

No 57 51 55 49

Yes 7 44 9 56

Passive thumb MCP joint hyperextension, left or right, or both (n = 124) NS 0.43

No 40 52 37 48

Yes 21 45 26 55

Numbers in bold indicate significance at P < 0.05.
NS = not significant.
*Negative numbers represent extension beyond 0 (hyperextension).
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the nearest integer. This method was used for the PCS (one missing item in one patient) 
and PHQ-9 (one missing item in one patient). We used regression prediction plus er-
ror imputation for missing or invalid questionnaires, scales, or separate questions. This 
method was used for overall health scale score (1 missing), body mass index (5 missing), 
PCS score (1 missing), PHQ-9 score (1 missing), key pinch strength (2 missing), tip pinch 
strength (2 missing), palmar pinch strength (2 missing), and grip strength (2 missing). 
Among patients presenting for care of TMC joint arthrosis, the physical examination 
was performed unilaterally in 11 patients, whereas the examination used for analysis ad-
dressed the side with the worst pathology in patients with incidental arthrosis.

Two-sided P < .05 was considered statistically significant.

Results

Difference in TMC joint arthrosis-related symptoms and disability
On bivariate analysis, patients presenting for care of TMC joint arthrosis had significantly 
more symptoms from TMC joint arthrosis (19 ± 5.8 vs 8.5 ± 3.3 points, respectively; 
r = 0.80, P < .001) and difficulty with thumb-related activities (15 ± 4.7 vs 7.2 ± 2.8, re-
spectively; r = 0.71, P < .001) than patients with incidental TMC joint arthrosis (Table 2). 
All patients (100%) who presented for care of TMC joint arthrosis reported TMC joint 
arthrosis-related symptoms; 97% experienced disability related to TMC joint arthrosis 
according to the TMC joint arthrosis-related questionnaire. This is compared with 31% 
and 58%, respectively (63% reported symptoms and/or disability), for patients with inci-
dental TMC joint arthrosis. The best multivariate linear regression model for less TMC 
joint arthrosis-related symptoms and disability included patients with incidental TMC 
joint arthrosis (cohort), male sex, no other painful conditions, less catastrophic thinking, 
and fewer depressive symptoms, and explained 74% of the variability (Table 3). Based 
on semipartial R-squared, having incidental TMC joint arthrosis (cohort; 25%) and less 
catastrophic thinking (5%) were the most important contributors to fewer TMC joint 
arthrosis-related symptoms and less disability.

Difference in upper extremity-specific disability (QuickDASH)
On bivariate analysis, patients presenting for care of TMC joint arthrosis also had higher 
upper extremity-specific disability than patients with incidental TMC joint arthrosis (36 
± 20 vs 18 ± 16, respectively; r = 0.48, P < .001) (Table 2). The best multivariate linear 
regression model for lower upper extremity-specific disability included patients with 
incidental TMC joint arthrosis (cohort), male sex, no other painful conditions, less cata-
strophic thinking, greater pain self-efficacy score, and passive MCP joint hyperextension, 
and explained 57% of the total variance (Table 4). Based on semipartial R-squared values, 
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greater self-efficacy (7%) and less catastrophic thinking (7%) were the most important 
contributors to upper extremity-specific disability.

TABLE 3. Bivariate and Multivariate Analysis: TMC Joint Arthrosis Questionnaire (n = 128)

Bivariate analysis Effect size / 
correlation

P value

Mann–Whitney U test

Type of outpatient visit NS 0.93

Cohort (care for TMC joint arthrosis vs incidental TMC joint arthrosis) 0.79 < 0.001

Sex 0.30 < 0.001

Race* 0.18 0.045

Ethnicity* NS 0.067

Smoking status NS 0.41

Prior hand or arm surgery NS 0.81

Other painful condition (n = 127) 0.42 < 0.001

Physical examination by surgeon

Shoulder sign (left or right, or both)* 0.43 < 0.001

Adduction contracture (left or right, or both)* 0.23 0.009

Static thumb MCP joint hyperextension (left or right, or both) NS 0.67

Passive thumb MCP joint hyperextension (left or right, or both) (n = 124) NS 0.15

Kruskal–Wallis test

Marital status NS 0.30

Work status NS 0.26

Dominant hand NS 0.64

History of joint disease* 0.0013

Spearman correlation

Age (years) NS 0.36

Education (years)* NS 0.088

Body mass index NS 0.10

Overall health scale* −0.34 < 0.001

PCS 0.57 < 0.001

PSEQ* −0.56 < 0.001

PHQ-9 0.51 < 0.001

Thumb MCP joint in resting position left (degrees) NS 0.55

Thumb MCP joint in resting position right (degrees) NS 0.28

Thumb MCP joint in pinch position left (degrees) NS 0.18

Thumb MCP joint in pinch position right (degrees) NS 0.40



50 Chapter 3

TABLE 3. (continued)

Multivariate analysis Adjusted R² P value

Cohort, Sex, Other painful condition(s), PCS, PHQ-9 (n = 127) 0.74 < 0.001

Bivariate analysis with response variables† Effect size / 
correlation

Spearman correlation

QuickDASH 0.75 < 0.001

Pain scale 0.86 < 0.001

Key pinch strength (%) −0.40 < 0.001

Tip pinch strength (%) −0.31 < 0.001

Palmar pinch strength (%) −0.26 0.0026

Grip strength (%) NS 0.084

Numbers in bold indicate significance at P < 0.05.
NS = not significant.
*Variable entered in multivariate analysis but not included in strongest model
†Response variables not considered for multivariate analysis.

TABLE 4. Bivariate and Multivariate Analysis: QuickDASH (n = 128)

Bivariate analysis Effect size / 
correlation

P value

Mann–Whitney U test

Type of outpatient visit NS 0.33

Cohort (care for TMC joint arthrosis vs incidental TMC joint arthrosis) 0.48 < 0.001

Sex 0.19 0.034

Race NS 0.13

Ethnicity NS 0.14

Smoking status NS 0.63

Prior hand or arm surgery NS 0.52

Other painful condition (n = 127) 0.40 < 0.001

Physical examination by surgeon

Shoulder sign (left or right, or both)* 0.18 0.039

Adduction contracture (left or right, or both) NS 0.31

Static thumb MCP joint hyperextension (left or right, or both) NS 0.62

Passive thumb MCP joint hyperextension (left or right, or both) (n = 124) 0.18 0.041

Kruskal–Wallis test

Marital status NS 0.14

Work status NS 0.23

Dominant hand NS 0.48

History of joint disease* 0.017
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Difference in psychological measures
On bivariate analysis, patients who presented for care of TMC joint arthrosis had greater 
catastrophic thinking (r = 0.45; P < .001), lower pain self-efficacy (r = 0.43; P < .001), and 
more depressive symptoms (r = 0.26; P = .005) than those who did not present for TMC 
joint arthrosis (Table 2).

TABLE 4. (continued)

Bivariate analysis Effect size / 
correlation

P value

Spearman correlation

Age (years) NS 0.63

Education (years) NS 0.37

Body mass index NS 0.44

Overall health scale* −0.34 < 0.001

PCS 0.63 < 0.001

PSEQ −0.67 < 0.001

PHQ-9* 0.54 < 0.001

Thumb MCP joint in resting position left (degrees) NS 0.19

Thumb MCP joint in resting position right (degrees) NS 0.26

Thumb MCP joint in pinch position left (degrees) NS 0.81

Thumb MCP joint in pinch position right (degrees) NS 0.93

Multivariate analysis Adjusted R²

Cohort, Sex, Other painful condition(s), PCS, PSEQ, Passive thumb MCP 
joint hyperextension (n = 123)

0.57 < 0.001

Bivariate analysis with response variables† Effect size / 
correlation

Spearman correlation

TMC arthrosis questionnaire 0.75 < 0.001

Symptoms subscale 0.67 < 0.001

Disabilities subscale 0.77 < 0.001

Pain scale 0.66 < 0.001

Key pinch strength (%) −0.33 < 0.001

Tip pinch strength (%) −0.25 0.0038

Palmar pinch strength (%) −0.22 0.014

Grip strength (%) NS 0.067

Numbers in bold indicate significance at P < 0.05.
NS = not significant.
*Variable entered in multivariate analysis but not included in strongest model.
†Response variables not considered for multivariate analysis.
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Static thumb MCP joint hyperextension
On bivariate analysis, we found no significant difference in disability, pain, and thumb-
related symptoms and disability between patients with and without static thumb MCP 
joint hyperextension (P = .62, .72, and .67, respectively) (Table 5).

TABLE 5. Static Thumb MCP Joint Hyperextension (n = 128)

Parameter Static thumb MCP joint hyperextension Effect size P value

No (n = 64) Yes (n = 64)

Mean SD Range Mean SD Range

TMC joint arthrosis questionnaire 25 12 12–56 23 11 12–41 NS 0.67

QuickDASH 28 21 0–82 24 17 2.3–64 NS 0.62

Pain scale 3.2 3.2 0–10 3.1 3.4 0–9 NS 0.72

NS = not significant.

Passive thumb MCP joint hyperextension
On bivariate analysis, patients with passive thumb MCP joint hyperextension had signifi-
cantly less disability compared to those without passive thumb MCP joint hyperextension 
(22 ± 10 vs 26 ± 12 points, respectively; r = 0.18, P = .041) but were otherwise comparable 
(Table 6).

TABLE 6. Passive Thumb MCP Joint Hyperextension (n = 124)

Parameter Passive thumb MCP joint hyperextension Effect size P value

No (n = 77) Yes (n = 47)

Mean SD Range Mean SD Range

TMC joint arthrosis questionnaire 26 12 12–56 22 10 12–51 NS 0.15

QuickDASH 30 21 0–78 23 19 0–82 0.18 0.041

Pain scale 3.5 3.3 0–9 2.9 3.1 0–10 NS 0.24

Number in bold indicates significance at P < 0.05.
NS = not significant.

Discussion

Our primary null hypothesis was rejected: Patients presenting with symptomatic crepitant 
TMC joint arthrosis had significantly greater TMC joint arthrosis-related symptoms and 
disability than those with an incidental diagnosis of crepitant TMC joint arthrosis. On 
multivariate analysis accounting for psychological factors, presenting versus incidental 
TMC joint arthrosis was the largest contributor to variability in thumb-specific symptoms 
and disability along with catastrophic thinking. The variation in overall upper extremity-
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related disability was best accounted for by coping strategies (catastrophic thinking and 
self-efficacy) and was also related to diagnostic cohort, although less so.

This study addressed patients with crepitant TMC joints on examination rather than 
those with a radiographic diagnosis of arthrosis. We chose this approach for 4 reasons. 
We do not routinely use radiographs for diagnosis in practice. Axial compression and 
circumduction of the TMC joint has a high specificity (80% to 97%) for the diagnosis of 
TMC joint arthrosis when looking for pain or crepitation9,10 and we speculate that the 
specificity is probably closer to 100% when looking for objective reproducible crepitation 
rather than pain. Trapeziometacarpal joint arthrosis is highly prevalent—it is a normal 
part of aging1,2—and symptoms and pathophysiology have limited correlation with ra-
diographic severity3-8.

By studying crepitant TMC joints, we were confident that we were studying moderate 
or severe TMC joint arthrosis. Our data apply best to patients who seek care from a hand 
surgeon, and findings in people with TMC joint arthrosis who are not seeing a hand 
surgeon for any reason may differ.

Although the study was intended for clinical diagnosis of TMC joint arthrosis based 
on crepitation on examination, 2 of the surgeon co-investigators routinely obtained 
radiographs in patients presenting with TMC joint arthrosis, and 8 patients with no 
documented crepitation were diagnosed with radiographic TMC joint arthrosis, all of 
which were severe according to the criteria of Sodha and colleagues2. Also, all but one 
of the patients diagnosed with incidental arthrosis came from the practice of one of the 
surgeons. In addition this study applies best to the primary null hypothesis, and all of the 
results of the secondary analyses should be considered hypothesis generating.

There is limited research on the difference in severity of symptoms and disability 
between people who do not seek care for TMC joint arthrosis and patients who ask for 
a physician’s expert opinion. In the Framingham hand osteoarthritis study, Zhang and 
colleagues8 found a prevalence of symptomatic TMC joint osteoarthrosis (defined as 
symptoms plus radiographic changes) in Caucasians aged 71 years or older to be 5% in 
women and 3% in men. They did not report how many patients sought medical attention 
for symptoms. They also did not report the prevalence of asymptomatic radiographic 
TMC joint arthrosis, but based on prior studies1,2, we can assume that it was well over 
60% in both men and women.

Authors of a Norwegian study of 159 patients (63 men and 96 women) not presenting 
for pain in the TMC joint except for 2 women, found radiographic evidence of TMC joint 
arthrosis in 22 patients (20 women and 2 men) and sent them a questionnaire21. Eight 
(50%) never experienced discomfort from the TMC joint, 8 (50%) had “inconvenience” 
from one or both TMC joints, and 6 (5 women and 1 men) did not answer.

In a study of 143 postmenopausal women with fracture of the distal radius, Armstrong 
and colleagues22 found that 28% of patients with radiographic TMC joint arthrosis and 
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33% with radiographic TMC joint and scaphotrapezial joint arthrosis reported pain at the 
base of the thumb of the injured hand before the injury. This is comparable to the finding 
of 31% with TMC joint arthrosis-related symptoms in patients with incidental TMC joint 
arthrosis in our study.

Hwang and Ring23 surveyed 122 patients screened for incidental TMC joint arthrosis 
on wrist radiographs; 5 patients (4%) had sought treatment for thumb arthritis. Radio-
graphic severity was not associated with thumb pain.

Consistent with previous research, disability in patients with symptomatic TMC joint 
arthrosis is largely determined by mood and effective coping strategies24-26. Static MCP 
joint hyperextension was not associated with greater TMC joint arthrosis-related symp-
toms and disability, upper extremity-specific disability, or pain intensity. One explanation 
for this observation, combined with the fact that patients with passive thumb MCP joint 
hyperextension had less upper extremity-specific disability, is that more adaptive patients 
may present at a later stage of disease. This explanation seems consistent with a study 
noting that patients who postponed seeking medical help for more than 4 weeks thought 
that the symptoms they were experiencing indicated nothing serious and would resolve 
without treatment27—feelings consistent with high self-efficacy.

Compelling evidence shows that a substantial portion of people with TMC joint ar-
throsis do not seek care and experience manageable symptoms and limited disability. 
Along with the fact that coping strategies are the strongest correlates of symptoms and 
disability, this suggests that an optimal mindset can facilitate adaptation to TMC joint 
arthrosis. Future studies should determine whether training in more effective thoughts 
and behaviors in response to pain can decrease symptoms and disability in patients with 
TMC joint arthrosis.
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APPENDIx 1. Trapeziometacarpal Joint Arthrosis-Related Symptoms and Disability Questionnaire

The following twelve questions are regarding your symptoms and hand function during the past 2 weeks. Please 
circle only one number per question.

Please rate the following symptoms.

None Mild Moderate Severe Extreme

1.  Pain at the base of your thumb(s) 
at rest 1 2 3 4 5

2.  Pain at the base of your thumb(s) 
during activities 1 2 3 4 5

3.  Tenderness at the base of your 
thumb(s) 1 2 3 4 5

4.  Swelling at the base of your 
thumb(s) 1 2 3 4 5

5.  Stiffness of your thumb(s) 1 2 3 4 5

6.  Decreased range of motion of your 
thumb(s) 1 2 3 4 5

7.  Decreased strength when pinching 
or grasping objects 1 2 3 4 5

Please rate how much difficulty you have had doing the following activities.

No 
difficulty

Mild 
difficulty

Moderate 
difficulty

Severe 
difficulty

Unable

8. Open a tight or new jar 1 2 3 4 5

9. Turn a key 1 2 3 4 5

10. Turn a door knob 1 2 3 4 5

11. Pull a zipper 1 2 3 4 5

12.  Grasp larger objects (glass, bottle, 
book, etc.) 1 2 3 4 5
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Abstract

Background
Symptoms and disability at the trapeziometacarpal (TMC) joint are typically assessed 
with general measures that may not be able to accurately discriminate between TMC 
arthrosis-specific versus other hand and arm condition concerns. The objective was to 
develop and preliminary validate the Trapeziometacarpal Arthrosis Symptoms and Dis-
ability (TASD) questionnaire designed to assess symptoms and disability at the TMC 
joint.

Methods
English-speaking patients (50 years or older) were enrolled in one of two samples (sample 
1: 64 patients specifically presented for treatment of TMC arthrosis; sample 2: 64 patients 
received an incidental diagnosis of previously undiagnosed TMC arthrosis when present-
ing for treatment of another, not thumb-related condition). Principal component analysis 
identified the number of subscales (factors) and factor loadings of all items (i.e., structural 
construct validity). Internal consistency was assessed with Cronbach alpha. Convergent, 
discriminant and known-groups construct validity of the subscales were assessed with 
Spearman correlations.

Results
The final TASD has 12 items and 2 subscales, as confirmed by principal component 
analysis: symptoms (7 items) and disability (5 items). The subscales’ internal consistency 
was good to excellent in both samples. The TASD showed good convergent validity as 
evidenced by moderate to strong correlations between both subscales and upper extrem-
ity disability, pain intensity, depression, self-efficacy and key pinch strength (sample 1). 
The TASD also showed good discriminant, and good known-groups validity.

Conclusions
The concise TASD is useful in assessing symptoms and disability related to TMC arthro-
sis, has a simple scoring system and administration mode (self-administered), and is free.
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Introduction

Trapeziometacarpal (TMC) arthrosis is an expected part of normal human aging1,2. 
Symptoms and disability associated with TMC arthrosis are typically measured with 
upper extremity-related disability questionnaires such as the Disabilities of the Arm, 
Shoulder and Hand (DASH), its shorter version the QuickDASH, the Patient-Rated Wrist 
(Hand) Evaluation (PRW(H)E), and the Michigan Hand Questionnaire (MHQ), or with 
osteoarthritis specific measures such as the Australian/Canadian (AUSCAN) Osteoar-
thritis Hand Index3.

Although widely used and validated for use in patients with TMC arthrosis3,4, the afore-
mentioned questionnaires were not developed specifically for TMC arthrosis and face 
several limitations. For example, the DASH and QuickDASH scores do not discriminate 
between symptoms/disability associated with TMC arthrosis and other hand, arm or 
shoulder function/disability concerns3. The 15-item PRW(H)E addresses this issue by 
including 4 items about difficulty with usual activities (personal care, household work, 
work/occupation, and recreational activities) during the past week that should be rated in 
comparison to the time before the wrist problem started; however, a range of other prob-
lems that are not TMC arthrosis related could very well affect response to these items5. 
These three questionnaires also reflect both the affected as well as the non-affected limb6, 
which can confound the total score. In contrast, the MHQ is a hand-specific outcomes 
questionnaire that adjusts for hand dominance, and can distinguish between the left and 
right hand7. However, responsiveness of the MHQ is only validated for surgically treated 
TMC arthrosis patients4, and can also capture symptoms and disability due to other hand 
problems. The AUSCAN Osteoarthritis Hand Index8 was developed specifically for hand 
arthrosis but is not freely available and has to be purchased. The AUSCAN Osteoarthri-
tis Hand Index score is significantly more responsive for patients with TMC arthrosis 
alone than for patients with additional involvement of other osteoarthritic hand joints5. 
Although Citron et al. developed the Nelson Hospital Score, a TMC arthrosis-specific 
questionnaire, its goal was to assess symptoms and disability after surgery9, and has not 
been validated for use with general TMC arthrosis patients. In addition, the Nelson Hos-
pital Score has poor methodological quality3, lacks factor analysis to confirm the number 
of factors (subscales) and related items, and has rarely been used9-12.

A TMC joint-specific questionnaire might be more responsive (able to detect clini-
cally important change but distinguish it from measurement error) than a hand or upper 
extremity questionnaire3. Furthermore, a TMC joint-specific questionnaire might also 
help discriminate symptoms and disability related to TMC arthrosis from symptoms and 
disability due to other hand, arm, or shoulder problems. This is important for clinical 
practice, as it can help differentiate between symptoms and disability from TMC arthrosis 
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and other comorbid hand or upper extremity conditions, and can help facilitate pre and 
post TMC arthrosis-specific treatment effects.

We followed evidence based recommendations for questionnaire development13,14, and 
set out to develop a questionnaire that measures symptoms and disability in patients who 
present to orthopaedic hand practices with TMC arthrosis either as chief complaint or 
as an incidental finding. The Trapeziometacarpal Arthrosis Symptoms and Disability 
(TASD) questionnaire aims to aid in the evaluation of severity of symptoms and disability 
and also allow for before and after intervention comparison.

Our purpose was to (1) develop the TASD questionnaire, designed to assess symptoms 
and disability at the TMC joint; (2) test structural construct validity; (3) test internal 
consistency; and (4) test convergent, discriminant, and known-groups construct validity.

Materials and Methods

Participants were 128 patients who specifically presented for treatment of TMC arthrosis-
related symptoms (sample 1, n = 64) or who received an incidental diagnosis of previously 
undiagnosed TMC arthrosis when presenting for treatment of another condition (sample 
2, n = 64). Recruitment occurred between March 2012 and July 2013. We used data from 
a previously published cross-sectional study which compared TMC arthrosis-related 
disability and symptoms in the 2 samples of patients15. This study was approved by our 
human research committee.

All patients were fluent in English, 50 years of age or older, and received a diagnosis of 
TMC arthrosis based on crepitation with axial pressure and circumduction of the TMC 
joint by one of three orthopaedic hand surgeons. Patients did not have a history of thumb 
injury and/or surgery for TMC arthrosis, and were not currently pregnant (institutional 
review board mandated).

Participants completed a battery of demographics, the newly developed TASD ques-
tionnaire, the QuickDASH16 to measure disability, the Numerical Rating Scale (NRS) to 
measure pain intensity at the base of the thumb(s), 9-item Patient Health Questionnaire 
(PHQ-9)17 to measure depression, and Pain Self-Efficacy Questionnaire (PSEQ)18 to 
measure pain self-efficacy. A research assistant not involved in patient care measured grip 
and pinch strength of both hands and results are reported as the percentage of strength 
calculation (involved/non-involved hand or most involved/least involved for bilateral 
symptoms).

We developed the TASD questionnaire from an initial pool of items generated with 
help from patients, physicians and textbooks19,20, and narrowed the initial large pool 
of items to 12 by eliminating redundant or unclear items. Emphasis was placed on us-
ing simple and unambiguous wording of items and responses, and ensuring that the 
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questionnaire is not too long and bothersome for patients. Gender-specific items and 
items that only applied to the dominant hand were excluded. The final questionnaire is 
compromised of 12 items on 2 subscales measuring symptoms (7 items) and disabilities 
(difficulty with thumb-related activities; 5 items) during the past 2 weeks. Symptom 
severity is measured on a five-point Likert scale ranging from 1 (none) to 5 (extreme), 
and severity of disability is measured on a five-point Likert scale ranging from 1 (no 
difficulty) to 5 (unable). The score is the sum of all item responses divided by the number 
of item responses, subtracting one, and finally multiplied by 25. The scoring is identical 
to that of the (Quick)DASH21. The total score and subscale scores can range from 0 to 100 
points with a higher score indicating more TMC arthrosis-related symptoms and/or dis-
ability. The final questionnaire is presented in Fig. 1. Patients were asked to complete the 
questionnaire for their affected thumb or both thumbs in case of bilateral symptoms (in 
case they were symptomatic, asymptomatic patients responded “none” or “no difficulty” 
to the questions). No other explanations were given before patients filled out the TASD.

The QuickDASH16 is a shortened version of the 30-item DASH outcome measure 
questionnaire6. The QuickDASH has 11 items, each answered on a five-point Likert scale 
that measure physical function and symptoms in persons with any or multiple muscu-
loskeletal disorders of the upper limb. Scores range from 0 to 100 with higher scores 
indicating greater disability6.

The NRS is an 11-point ordinal scale with 0 representing “no pain” and 10 represent-
ing the “worst possible pain” that measures the overall pain intensity at the base of the 
thumb(s)22.

The PHQ-917 is a measure of depressive symptoms. The PHQ-9 has 9 items answered 
on a four-point Likert scale from 0 (not at all) to 3 (nearly every day)17. Higher scores 
indicate more depressive symptoms17.

The PSEQ18 is a measure of pain self-efficacy. The PSEQ consists of 10 items scored 
from 0 (not at all confident) to 6 (completely confident). The total score is calculated 
by adding all items such that it can range from 0 to 6018. Lower scores indicate less pain 
self-efficacy18.

Statistical analysis
Our sample size (n = 64/group) was over the minimum criteria of n = 50 established by De 
Winter23 and over the 4 subjects per variable ratio suggested by MacCallum24 for factor 
analyses with good to high communality. Data was not normally distributed according to 
the Shapiro–Wilk test; therefore, nonparametric tests were used to assess the relationship 
between two variables.

Continuous data are presented as median and interquartile range. The Pearson Chi-
Square test evaluated differences between categorical variables and the Fisher exact test 
was used instead when the minimum expected cell frequency was less than five. The 
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Mann–Whitney U test assessed differences in continuous or ordinal variables between 
two groups. The Kruskal–Wallis test determined differences in continuous or ordinal 
variables between more than two groups. An effect size (r) was calculated from the Z 
value of the Mann–Whitney U test for tests with p < 0.05.

Regression prediction plus error imputation was used for missing or invalid question-
naires, scales or separate measurements. This method was used for the PHQ-9 score (1 
missing), key pinch strength (2 missing), and grip strength (2 missing). There were no 
missing items on the TASD.

To test the structural construct validity of the TASD, principal component analysis 
identified the number of distinct factors (subscales) accounting for the variance in scores 
and the subset of questions associated with each factor. For example, questions addressing 
pain might form one subset along with questions addressing strength, while questions in-
fluenced more by deformity or stiffness might form another subset. The Bartlett sphericity 
test and Kaiser–Meyer–Olkin measure tested the suitability of the data for the structural 
construct validity analyses. A statistically significant result of the Bartlett sphericity test 
indicates that the items are correlated with each other (non-diagonal variance-covariance 
matrix)25. A Kaiser–Meyer–Olkin test result >0.5 indicates an acceptable degree of cor-
relation among the questions25,26.

The Eigenvalue of a factor is a measure of the amount of variance explained by the 
specific factor/subgroup of questions (dividing the Eigenvalue by the total number of 
questionnaire items gives the total variance accounted for by the Eigenvalue). An Eigen-
value greater than 1 indicates that the factor contains more information than the average 
item and is a common criterion for deciding the number of discrete factors (subgroups 
of questions) to include27. Scree plots are plots of the Eigenvalues (y-axis) in descending 
order from left to right (on the x-axis) that help determine the number of separate fac-
tors captured by the questionnaire. Factors to the right of the point where the plot stops 
declining (begins to plateau) are excluded28.

Oblique rotation determined which items were associated with a factor/subscale by 
allowing correlated/nonperpendicular factor axes (dimensions) since the symptom and 
disability subscale were expected to correlate to one another. Items that had a rotated 
factor loading of >0.4 onto one of the factors were considered important29.

Cronbach alpha correlation coefficient assessed internal consistency30. If a question 
contributes to reduced internal consistency of the subscale (Cronbach alpha is higher if 
item is deleted) it should be deleted.

Construct validity was assessed by examining convergent validity (e.g., correlations 
of TASD with questionnaires that measure similar constructs, or that are expected to 
be correlated with this measure), discriminant validity (e.g., correlations of TASD with 
measures that it is not supposed to be correlated with), and known-groups validity (e.g., 
demonstrated when TASD can discriminate between the sample presenting for care of 
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TMC arthrosis and the other sample with an incidental diagnosis of TMC arthrosis). 
Spearman correlation coefficients were used to assess the relationship between the TASD 
subscales and the other measures (QuickDASH, ordinal pain scale, PHQ-9, PSEQ, pinch 
and grip strength).

Characteristics of study population
More women than men were enrolled in sample 1 compared to sample 2 (47 of 64 were 
female in sample 1 vs 34 of 64 in sample 2, p = 0.017). Characteristics of and comparison 
between patients of the two samples are shown in Table 1.

TABLE 1. Presenting for Care of TMC Arthrosis vs Incidental TMC Arthrosis (n = 128)

Parameter Sample p value

Care for TMC arthrosis
(n = 64)

Incidental TMC 
arthrosis
(n = 64)

Median IQR Median IQR

Age (years) 65 58–70 65 61–75 0.17

Education (years) 16 14–18 14 12–16 0.0085

TASD questionnaire 44 30–58 2 0–12 < 0.0001

Symptom subscale 43 29–60 0.0 0–7.1 < 0.0001

Disability subscale 48 30–65 5.0 0–15 < 0.0001

QuickDASH 33 20–48 14 5.1–25 < 0.0001

Pain intensity scale 6.0 5.0–7.0 0.0 0–0 < 0.0001

PHQ-9 2.0 0–7 1.0 0–2.8 0.0054

PSEQ 52 40–58 59 56–60 < 0.0001

Key pinch strength (%) 85 78–97 103 87–112 0.00023

Tip pinch strength (%) 88 75–97 100 89–114 0.00013

Palmar pinch strength (%) 89 77–103 101 85–110 0.0065

Grip strength (%) 93 80–105 96 82–115 0.20

Number % Number %

Sex 0.017

Male 17 36 30 64

Female 47 58 34 42

History of joint disease 0.018

No 21 36 37 64

Osteoarthritis 38 61 24 39

Osteoarthritis and 
inflammatory arthritis

5 63 3 38

Numbers in bold indicate significance at P < 0.05.
IQR = interquartile range.
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Results

Among patients presenting for care of TMC arthrosis, the Bartlett sphericity test was 
statistically significant (p < 0.001) and Kaiser–Meyer–Olkin test was 0.86. In the cohort 
consisting of patients with incidental TMC arthrosis, the Bartlett sphericity test was 
also statistically significant (p < 0.001) and the Kaiser–Meyer–Olkin test was 0.75. Taken 
together, these indicate that a factor analysis is meaningful with this data25,26.

Principal component analysis of the total TASD scale among patients presenting for 
TMC arthrosis and patients with incidental TMC arthrosis identified 2 subscales (factors) 
(Eigenvalue for subscale 1: 6.0 [sample 1] and 5.7 [sample 2]; Eigenvalue for subscale 2: 
1.7 [sample 1] and 2.4 [sample 2]) which explained 64% (50% [Eigenvalue 1] and 14% 
[Eigenvalue 2]) and 67% (47% [Eigenvalue 1] and 20% [Eigenvalue 2]), respectively of 
the total variance in scores. In both samples the scree plots leveled off after 2 factors 
also indicating that the TASD is composed of 2 subscales. The second factor analysis, for 
which 2 retained subscales were specified, showed that all items clearly associated with 
(loaded on) one of the 2 subscales they were intended for, so one subset of questions was 
associated with the symptom subscale and the other subset with the disability subscale 
(Table 2). However, the 2 items “Pain at the base of your thumb(s) during activities” and 

TABLE 2. Factor Loadings on the Symptoms and Disability Subscales of the TASD Questionnaire (n = 128)

Item Sample

Care for TMC arthrosis
(n = 64)

Incidental TMC arthrosis
(n = 64)

Factor 1 Factor 2 Factor 1 Factor 2

Symptom subscale

Pain at the base of your thumb(s) at rest 0.67 0.93

Pain at the base of your thumb(s) during activities 0.25 0.58 0.94

Tenderness at the base of your thumb(s) 0.78 0.86

Swelling at the base of your thumb(s) 0.83 0.58

Stiffness of your thumb(s) 0.87 0.78

Decreased range of motion of your thumb(s) 0.61 0.21 0.92

Decreased strength when pinching or grasping 
objects

0.36 0.57 0.80

Disability subscale

Open a tight or new jar 0.74 0.42 0.44

Turn a key −0.23 0.97 0.82

Turn a door knob 0.93 0.88

Pull a zipper 0.21 0.74 0.88

Grasp larger objects (glass, bottle, book, etc.) 0.27 0.63 0.66

Values in bold indicate the loading of the item.
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“Decreased strength when pinching or grasping objects” of the symptom subscale as-
sociated more with the disability than the symptom subscale in the sample with patients 
presenting for TMC arthrosis but these 2 items were only associated with the symptom 
subscale in the other sample.

In the sample with patients presenting for care of TMC arthrosis, internal consistency 
of the symptom subscale and the disability subscale were both good (Cronbach α = 0.86 
and Cronbach α = 0.88, respectively) (Table 3). In the sample consisting of patients with 
incidental TMC arthrosis, internal consistency of the symptom subscale was excellent 
(Cronbach α = 0.91) and good for the disability subscale (Cronbach α = 0.80). Only the 
item “Open a tight or new jar” minimally reduced the internal consistency of the dis-
ability subscale but since the change was so minimal the item was not deleted (Table 3).

The TASD showed overall good convergent validity. Both subscales were significantly 
correlated with the DASH and PHQ-9 with moderate to high coefficients in both samples. 
The symptom and disability subscale were both significantly, moderately correlated with 

TABLE 3. Internal Consistency of TASD Questionnaire (n = 128)

Subscale Sample

Care for TMC arthrosis
(n = 64)

Incidental TMC arthrosis
(n = 64)

Corrected item-
total correlation

Cronbach α if 
item deleted

Corrected item-
total correlation

Cronbach α if 
item deleted

Symptom 0.86 0.91

Pain at the base of your 
thumb(s) at rest

0.50 0.86 0.83 0.90

Pain at the base of your 
thumb(s) during activities

0.54 0.85 0.84 0.89

Tenderness at the base of 
your thumb(s)

0.78 0.82 0.81 0.90

Swelling at the base of your 
thumb(s)

0.61 0.85 0.56 0.92

Stiffness of your thumb(s) 0.75 0.82 0.77 0.90

Decreased range of motion of 
your thumb(s)

0.62 0.84 0.82 0.89

Decreased strength when 
pinching or grasping objects

0.63 0.84 0.71 0.91

Disability 0.88 0.80

Open a tight or new jar 0.59 0.89 0.49 0.83

Turn a key 0.78 0.85 0.67 0.73

Turn a door knob 0.83 0.83 0.72 0.73

Pull a zipper 0.74 0.86 0.63 0.75

Grasp larger objects (glass, 
bottle, book, etc.)

0.67 0.87 0.55 0.77
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pain intensity in both samples. The PSEQ and key pinch strength correlated moderately 
with the disability subscale and less than moderately, although significantly, with the 
symptom subscale in patients presenting for care of TMC arthrosis. The PSEQ also cor-
related weakly but significantly with the disability subscale in patients with an incidental 
diagnosis of TMC arthrosis (Table 4).

The TASD showed good discriminant validity as evidenced by a (very) weak, nonsig-
nificant correlation between both subscales and grip strength in both samples (Table 4).

The TASD showed good known-groups validity as evidenced by an on average higher 
than 37 points difference in both the total and subscale scores between the 2 samples 
(p < 0.001) with higher scores in patients presenting for care of TMC arthrosis (Table 5).

TABLE 5. Differences in Mean Scores of TASD Questionnaire Between Samples (n = 128)

Parameter Sample p value

Care for TMC arthrosis
(n = 64)

Incidental TMC arthrosis
(n = 64)

Mean (SD) Mean (SD)

TASD questionnaire 46 (20) 7.6 (11) < 0.0001

Symptom subscale 44 (21) 5.2 (12) < 0.0001

Disability subscale 48 (23) 11 (14) < 0.0001

Numbers in bold indicate significance at p < 0.05.

TABLE 4. Spearman Correlations Between TASD Questionnaire and Other Measurements (n = 128)

Parameter Sample

Care for TMC arthrosis
(n = 64)

Incidental TMC arthrosis
(n = 64)

Symptom subscale Disability subscale Symptom subscale Disability subscale

Correlation p value Correlation p value Correlation p value Correlation p value

QuickDASH 0.62 < 0.001 0.78 < 0.001 0.41 < 0.001 0.62 < 0.001

Pain intensity 
scale

0.41 < 0.001 0.56 < 0.001 0.57 < 0.001 0.40 < 0.001

PHQ-9 0.46 < 0.001 0.54 < 0.001 0.38 0.0020 0.57 < 0.001

PSEQ −0.35 0.0041 −0.48 < 0.001 −0.18 0.16 −0.25 0.049

Key pinch 
strength

−0.31 0.013 −0.43 < 0.001 −0.14 0.26 −0.014 0.91

Grip strength −0.19 0.14 −0.20 0.11 0.0043 0.97 0.018 0.89

Numbers in bold indicate significance at p < 0.05.
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Discussion

The goal of this study was to develop the TASD, a questionnaire specific for symptoms and 
disabilities related to TMC arthrosis, and to determine internal consistency and perform a 
preliminary validity analysis in patients who presented for care of TMC arthrosis (sample 
1) and who received an incidental diagnosis of TMC arthrosis (sample 2). The TASD is 
concise, has a simple scoring system and administration mode (self-administered), and 
it is free. The measure was found to have high internal consistency reliability, good struc-
tural validity, and good convergent, discriminant and known-groups construct validity.

This study has a number of limitations. First, the sample of patients presenting for 
care of TMC arthrosis was mostly comprised of women (73%) but the sample containing 
patients with incidental TMC arthrosis was almost equally divided (53% women). This 
may limit the generalizability of our results; however, most patients presenting for treat-
ment of TMC arthrosis are women. Second, we did not evaluate test-retest reliability or 
the responsiveness of our questionnaire. Finally, the convergent construct validity of the 
TASD was good but not excellent, as the symptom subscale correlated significantly but 
not strongly (ρ < 0.6) with the pain intensity scale in both samples. However, the DASH 
correlated strongly (ρ > 0.6) with the disability subscale in both samples. The Nelson Hos-
pital Score correlated strongly with pain intensity (r = 0.63 at rest, and r = 0.81 in use)9. 
Another study showed a very strong correlation between the Nelson Hospital Score and 
the QuickDASH and pain intensity (r = 0.9 and r = 0.8, respectively)12. It seems obvious 
that the correlations between the TASD subscales and pain intensity are not so high since 
only 2 out 12 TASD questions are directly related to pain and the other items are related 
to other TMC arthrosis-related symptoms and thumb-related activities. In addition, the 
DASH is unspecific for the thumb and the highest correlation between the DASH and 
TASD was with the disability subscale, as hypothesized. Convergent validity should be 
tested in further studies using more specific measures for comparison, e.g., the Nelson 
Hospital Score.

The TASD assesses TMC arthrosis-specific symptoms and disability in patients who 
present to an orthopedic surgical practice with symptoms of TMC arthrosis either as chief 
complaint or in conjunction to other hand or upper extremity-specific conditions. The 
TASD can be very useful in clinical and research practice, to help differentiate symptoms 
of TMC arthrosis from other confounding hand or upper extremity-specific illnesses, aid 
in symptom management and help monitor change and treatment effects.

Factor analysis showed that the TASD has 2 subscales, which supports its structural 
construct validity. In general, symptom items associated with (loaded on) one subscale 
(symptom subscale) and the disability items with the other subscale (disability subscale). 
Items assessing “Pain at the base of the thumb during activity” and “Decreased strength 
when pinching” better associated with the disability subscale in patients presenting for 
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care of TMC arthrosis but only associated with the symptom subscale in the other sample. 
As both items assess symptoms during activity some overlap is to be expected. This may 
also reflect the different nature of the 2 samples with the same diagnosis. Patients who 
present specifically for treatment of TMC arthrosis do so because of disability, while 
patients who get the diagnosis incidentally may experience the symptoms, albeit milder, 
but not the disability and hence not presenting for treatment.

Internal consistency was good for the symptom and disability subscale in both cohorts. 
Internal consistency of the symptom subscale was even excellent in the sample with 
incidentally diagnosed TMC arthrosis (Cronbach α = 0.91); however, it has been argued 
that Cronbach α should never be >0.9 because it likely indicates item redundancy31. The 
number of items on a scale strongly affect α31,32. Since the symptom subscale contains 7 
items, this α unlikely indicates item redundancy.

The convergent validity of the TASD questionnaire was suboptimal considering the 
<0.6 correlation between the symptom subscale and pain scale in both samples, but the 
correlation was strong with the DASH. As hypothesized, key pinch strength negatively 
and moderately correlated with the disability subscale. Discriminant validity was as hy-
pothesized, grip strength had less than a weak correlation (<0.4) with the TASD in both 
samples. Citron et al. also found that their validated Nelson Hospital Score, specifically 
developed to assess recovery after surgery in patients with TMC arthrosis, poorly cor-
related with grip strength but moderately correlated with key pinch strength9. The TASD 
questionnaire was expected to show at least a moderate correlation with depression as it 
did since previous studies showed a correlation between the DASH or QuickDASH and 
depression in patients with symptomatic TMC arthrosis33-36. In addition, the TASD was 
expected to show a stronger correlation with self-efficacy than it did since the Quick-
DASH and pain self-efficacy strongly correlated in patients with other common hand 
conditions37,38. Known-groups validity was confirmed. That patients with an incidental 
diagnosis of TMC arthrosis had lower scores compared to patients presenting for care of 
TMC arthrosis makes sense since incidentally diagnosed patients are mostly asymptom-
atic, and/or well adjusted to their symptoms.

Additional studies are needed in order to assess the responsiveness of the TASD 
subscales after nonoperative and operative treatment, evaluate how well the TASD dis-
criminates between patients with TMC arthrosis and another condition, and determine 
its test-retest reliability. Also, future studies of unrelated and larger samples are needed to 
cross-validate the psychometric properties and factor structure of this questionnaire, and 
compare it to other questionnaires validated for use in TMC arthrosis. This preliminary 
validation study shows that our TASD questionnaire comprised of 2 subscales is inter-
nally consistent and has good preliminary construct validity and is useful in assessing 
symptoms and disability related to TMC arthrosis.
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APPENDIx 1. Trapeziometacarpal Arthrosis Symptoms and Disability (TASD) Questionnaire

The following twelve questions are regarding your symptoms and hand function during the past 2 weeks. Please 
circle only one number per question.

Please rate the following symptoms.

None Mild Moderate Severe Extreme

1.  Pain at the base of your thumb(s) 
at rest 1 2 3 4 5

2.  Pain at the base of your thumb(s) 
during activities 1 2 3 4 5

3.  Tenderness at the base of your 
thumb(s) 1 2 3 4 5

4.  Swelling at the base of your 
thumb(s) 1 2 3 4 5

5. Stiffness of your thumb(s) 1 2 3 4 5

6.  Decreased range of motion of your 
thumb(s) 1 2 3 4 5

7.  Decreased strength when pinching 
or grasping objects 1 2 3 4 5

Please rate how much difficulty you have had doing the following activities.

No 
difficulty

Mild 
difficulty

Moderate 
difficulty

Severe 
difficulty

Unable

8. Open a tight or new jar 1 2 3 4 5

9. Turn a key 1 2 3 4 5

10. Turn a door knob 1 2 3 4 5

11. Pull a zipper 1 2 3 4 5

12.  Grasp larger objects (glass, bottle, 
book, etc.) 1 2 3 4 5
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Abstract

Objective
In patients with trapeziometacarpal arthrosis, we tested the hypothesis that there is no 
difference in arm-specific disability 5–15 weeks after prescription of a pre-fabricated 
neoprene or a custom-made thermoplast hand-based thumb spica splint with the meta-
carpophalangeal joint included and the first interphalangeal joint free.

Method
One hundred nineteen patients with a diagnosis of trapeziometacarpal arthrosis were 
prospectively randomized to wear either a neoprene or a thermoplast hand-based thumb 
spica splint. At enrollment, patients completed a set of validated questionnaires. An aver-
age of 9 weeks later, patients returned for a second visit. Bivariable analyses assessed fac-
tors associated with disability, pain and satisfaction. Analysis was by intention-to-treat.

Results
Sixty-two patients (32 with a neoprene and 30 with a thermoplast splint) completed the 
study, 51 patients (43%) did not return for the second visit, and six did not complete the 
protocol for other reasons. Non-completers were significantly younger than completers 
(P < 0.00044). On average completers rated the neoprene splint as more comfortable 
(P = 0.048), but there were no detectable differences in Disabilities of the Arm, Shoulder 
and Hand (DASH), change in DASH, pain, satisfaction, pinch or grip strength between 
the two splint types in our sample.

Conclusion
When compared to custom-made thermoplast splints, pre-fabricated neoprene hand-
based thumb spica splints are, on average, more comfortable, less expensive, and as 
effective in treating trapeziometacarpal arthrosis.

This trial was registered at Clinicaltrials.gov (NCT00438763).
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Introduction

A hand-based thumb spica splint with the interphalangeal (IP) joint free is a specific 
nonoperative palliative treatment for trapeziometacarpal (TMC) arthrosis. The goals of 
splint wear are improved comfort and function1-4. The data regarding specific splint ma-
terials are limited, but suggest that shorter more flexible splints are preferred by patients 
and equally effective4,5.

This randomized prospective clinical trial of patients with a diagnosis of TMC arthrosis 
tested the null hypothesis that there is no difference in arm-specific disability 5–15 weeks 
after prescription of a pre-fabricated neoprene hand-based thumb spica splint with the 
metacarpophalangeal (MP) included and the IP joint free or a similar custom-made 
thumb spica splint from thermoplast. Secondary study questions addressed the null 
hypotheses that there are no statistically significant differences between a neoprene and 
thermoplast splint regarding improvement of disability, pain at follow-up and satisfac-
tion with the splint; that arm-specific disability does not correlate with higher scores 
on instruments assessing psychological factors; and that no factors associate with higher 
arm-specific disability, pain and satisfaction. We also examined the percentage of patients 
that had surgery within the study period.

Method

The Human Research Committee at our institution in the United States approved this 
prospective, single center, unblinded, equally randomized [1:1] controlled parallel-group 
clinical trial comparing hand-based thumb spica splints of pre-fabricated neoprene with 
custom-made thermoplast for patients with TMC arthrosis.

From January 2006 through December 2011, English-speaking adult patients that 
requested a splint for TMC arthrosis were enrolled from the outpatient office of two hand 
surgeons at one tertiary care hospital. Patients were considered eligible for this trial if 
they were 18 years or older and clinically diagnosed with TMC arthrosis by the hand sur-
geon. Additional radiological assessment was not considered necessary for the diagnosis. 
Patients were not eligible if they had a history of surgically treated TMC arthrosis.

Randomization
The allocation was concealed from the independent research assistant until informed 
consent was obtained. After informed consent was obtained, patients were randomly 
assigned to either a neoprene or a thermoplast splint, according to a computer generated 
sequence of random numbers (Windows Excel; Microsoft, Redmond, WA). Splint assign-
ment was not blinded to any of the involved parties.
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Intervention
According to the randomization, a trained occupational therapist provided either a 
pre-fabricated neoprene Comfort Cool® Thumb CMC Restriction Splint (North Coast 
Medical, Gilroy, CA) or a customized 3.2 mm thick thermoplast hand-based thumb spica 
splint with the MP included, and the IP joint and wrist free. Patients were told to wear 
the splint as needed for pain relief with daily activities and even at night if it helped them 
sleep. This was a pragmatic clinical trial, and consistent with usual practice, patients were 
not prohibited from using other treatments including other splints. Patients were allowed 
to have their splint adjusted.

Evaluation
An independent research assistant not involved in patient care evaluated patients at both 
time points.

At time of enrollment, each patient completed the Disabilities of the Arm, Shoulder 
and Hand (DASH) questionnaire6, the Pain Anxiety Symptoms Scale (PASS)7, the Pain 
Catastrophizing Scale (PCS)8, the Center for Epidemiological Studies – Depression scale 
(CES-D)9,10 and the Whiteley Index11. In addition, pinch and grip strength were recorded, 
and pain was measured on an ordinal scale from 0 (no pain) to 10 (worst pain you ever 
had). Pain improvement was calculated by deducting the follow-up pain score from the 
initial pain score.

Patients were asked to return 5–15 weeks later to complete the DASH questionnaire, 
ordinal scales for pain and satisfaction with the splint, and grip and pinch strength. The 
six 11-point ordinal satisfaction scales asked for (1) satisfaction with the splint, (2) how 
the splint helped in terms of pain relief, (3) how the splint helped in keeping active, do-
ing daily living activities, (4) if the splint improved quality of life, (5) how comfortable 
wearing the splint was, and (6) how easy it was to follow the hand therapist instructions 
regarding splint use. A higher score indicates greater satisfaction or help. If patients did 
not return within the approved window between 5 and 15 weeks after enrollment, an 
independent research assistant tried to contact them by phone, a maximum of three 
times, to schedule a research appointment.

Both grip and pinch strength were measured as the average of three attempts. Grip 
strength was measured using the Jamar dynamometer (Asimov Engineering, Los An-
geles, California) with the hand grip placed at the second or third station depending 
on the hand size. During the grip strength testing, the arm was at the side, the elbow 
at 90° flexion, and the forearm and wrist in neutral position. Key pinch strength was 
recorded using the B&L pinch gauge (B&L Engineering, Santa Ana, California) with the 
thumb pad on the pinch gauge and the lateral aspect of the middle phalanx of the index 
finger underneath. Both grip and pinch strength of the affected hand were compared 
with the opposite or least involved (in case of bilateral involvement) side. Whenever grip 
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and pinch strength are mentioned, these refer to the percentage of strength calculation 
(involved/noninvolved hand).

Outcome measures
This study was designed with a single primary study question with a single primary end-
point. All other analyses should be considered secondary and hypothesis-generating. The 
primary endpoint was the DASH score at 5–15 weeks follow-up. Secondary endpoints 
were DASH score at enrollment, improvement in DASH score, pain intensity at both time 
points, improvement in pain intensity, grip and pinch strength at both time points, and 
satisfaction at follow-up. The remaining variables were all considered to be explanatory 
variables. Study participation was considered complete if the DASH questionnaire was 
completed at both time points.

Sample size analysis
An a-priori sample size analysis using a two-tailed Student’s t test estimated the need to 
evaluate 60 participants to detect a clinically relevant difference of 10 points in follow-
up DASH scores between the two prospective cohorts at 90% power, and a significance 
level of 0.05. When we were close to our target enrollment number of 60 subjects, ap-
proximately half of the study population had not returned for the 5–15 weeks evaluation. 
Therefore, the target was raised to 120 patients.

Statistical analysis
Analysis was by intention-to-treat, meaning that patients were analyzed based on the type 
of splint assignment irrespective of what splint they actually received from the occupa-
tional therapist. In other words, this was a pragmatic trial12,13 comparing the effectiveness 
(the effect of prescribing a certain type of splint in actual practice where patients do not 
follow prescriptions precisely) rather than the efficacy (how the splints work under ideal 
conditions) of each splint.

Continuous variables are reported with means, standard deviations, and ranges. The 
data was not normally distributed according to the Kolmogorov–Smirnov test and there-
fore non-parametric tests were done to determine the relationship between two variables. 
The Mann–Whitney U test was conducted to evaluate the difference in mean between two 
groups. The Kruskal–Wallis test was used to assess the difference in mean between more 
than two groups. The relationship between categorical variables was evaluated with use 
of the Pearson Chi-Square test. Spearman correlations were used to assess the relation-
ship between continuous variables. The difference between items measured at both time 
points (e.g., DASH questionnaire) were evaluated with the Wilcoxon Signed-Rank test.

Any DASH questionnaires with 4 and 5 missing items (5 at enrollment and 1 at follow-
up) were analyzed. In case of missing items on a questionnaire, the score was scaled based 
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on the number of items completed by the patient, taking into account any reverse scored 
items. The adjusted total scores were rounded to the nearest integer. This method was 
used for the following questionnaires (not more than 21% of items were missing per 
patient): PASS, PCS, CES-D and Whiteley Index. Only for data of the patients that com-
pleted study participation, a few missing data points were imputed with the mean cohort 
score for the specific questionnaire or scale. One or more missing values of patients that 
did not complete the study were excluded from an analysis if it required the missing data.

The SPSS software program, version 15.0, was used for all statistical analyses and a 
two-sided P value <0.05 was considered statistically significant.

Results

Participant flow
An overview of the participant flow is shown in Fig. 1. Three patients completed the study 
at 27, 29 and 65 weeks after enrollment respectively because they missed their original 
scheduled appointment and returned late. Sixty-two patients (52%) completed the study 
an average of 9 ± 9 weeks (range, 4–65 weeks) after enrollment: 32 patients (54%) in the 
neoprene cohort and 30 patients (56%) in the thermoplast cohort. These 62 patients that 
completed the study were, on average, about 6 years older than 51 patients that did not 
return (P < 0.00044) (Table 1).

Numbers analyzed
All following mentioned missing data points were imputed with the mean cohort score 
for the specific questionnaire or scale. At enrollment, the pain scale, CES-D questionnaire 
and Whiteley Index were completed by 61 of 62 patients in total. Grip and pinch strength 
were measured in 59 patients. At follow-up, pain, help from the splint in terms pain of 
relief, help from the splint in keeping active and doing daily activities, and improvement 
of quality of life were rated by 61 patients. Satisfaction with the splint and comfort of the 
splint were rated by 60 patients. The ease of following the hand therapist instructions 
regarding splint use was rated by 59 patients. Pain improvement could not be calculated 
for two patients, and grip and pinch strength was measured in 61 patients because one 
patient could not return to the clinic but did want to complete the study so instead the 
follow-up survey was completed over the phone.

Baseline characteristics of cohorts
An overview of the two cohorts’ baseline characteristics is given in Table 2.
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Follow-up comparison of cohorts
The only significant difference between the two splints was comfort (5.3 vs 6.8 points, 
P = 0.048), in favor of patients that were assigned to a neoprene splint (Table 2).

 

Assessed for eligibility: n = 122 

Not enrolled: n = 3 
♦ Declined to participate: n = 3 

Analyzed: n = 32 
 
Excluded from analysis: n = 28 
♦ Lost to follow-up: n = 27 
♦ Hand tumor excised from arthritic hand during study 

period: n = 1 
 

5-15 weeks evaluation: n = 33 
 
Additional interventions: n = 2 
♦ Changed to thermoplast and again back to neoprene: 

n = 1 
♦ Got additional night splints for carpal tunnel 

syndrome: n = 1 

Neoprene: n = 61 
 

♦ Received neoprene: n = 53 
♦ Received thermoplast: n = 3 
♦ Received forearm-based thumb spica: n = 1 
♦ Received both neoprene and thermoplast: n =2 
 
Participation terminated: n = 1 
♦ Decided not to wait to have a splint made: n = 1 

5-15 weeks evaluation: n = 32 
 
Additional interventions: n = 2 
♦ Changed to neoprene: n = 2 

Thermoplast: n = 58 
 
♦ Received thermoplast: n = 54 
♦ Received both neoprene and thermoplast: n = 1 
♦ Received long opponens: n = 1 
 
Participation terminated: n = 2 
♦ Decided to terminate study before completing 

measurements:  n = 1 
♦ Decided not wanting to be randomized: n = 1 

Randomized: n = 119 

Analyzed: n = 30 
 
Excluded from analysis: n = 26 
♦ Lost to follow-up: n = 24 
♦ Invalid DASH questionnaires at both time points: n = 

2 

FIG. 1. Diagram detailing patient flow in the trial.



86 Chapter 5

TABLE 1. Completers vs Non-Completers (n = 113)

Parameter Completers vs non-completers Correlation P value

Completers
(n = 62)

Non-completers
(n = 51)

Mean SD Range Mean SD Range

Baseline

Age (years) 63.0 8.1 46–83 57.3 9.4 41–79 0.00044

Education (years) 
(n = 112)

15.7 2.6 10–20 15.1 3.1 8–23 NS 0.13

DASH (n = 112) 28.1 17.2 2.5–72.4 28.8 16.9 2.5–65.8 NS 0.74

Pain (n = 112) 5.0 2.2 1–10 5.4 2.3 0–10 NS 0.28

PASS (n = 110) 45.3 28.7 12–133 49.9 28.9 8–120 NS 0.17

PCS (n = 112) 5.6 5.7 0–26 8.6 8.4 0–31 NS 0.10

CES-D (n = 111) 8.9 9.3 0–47 11.0 10.1 0–40 NS 0.32

Whiteley Index (n = 112) 24.1 8.5 14–50 25.3 8.4 16–46 NS 0.35

Grip strength (%) 
(n = 110)

80.1 24.5 17.3–148.2 84.7 23.9 18.2–125.6 NS 0.14

Pinch strength (%) 
(n = 110)

83.8 21.4 25.7–160.7 84.9 22.0 13.2–116.7 NS 0.30

Number % Number %

Baseline

Cohort NS 0.89

Neoprene splint 32 51.6 27 52.9

Thermoplast splint 30 48.4 24 47.1

Sex NS 0.72

Male 14 22.6 13 25.5

Female 48 77.4 38 74.5

Marital status (n = 112) NS 0.56

Single 11 17.7 7 14.0

Married/living with 
partner

42 67.8 32 64.0

Separated/widowed 9 14.5 11 22.0

Affected thumb NS 0.94

Left thumb 24 38.7 20 39.2

Right thumb 26 41.9 20 39.2

Both thumbs 12 19.4 11 21.6

Dominant hand affected NS 0.90

Yes 37 59.7 31 60.8

No 25 40.3 20 39.2

The numbers in bold indicate significant P values (P < 0.05).
NS = not significant.
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TABLE 2. Neoprene vs Thermoplast Group (n = 62)

Parameter Neoprene vs thermoplast group

Neoprene
(n = 32)

Thermoplast
(n = 30)

Number % Number %

Baseline

Sex

Male 8 57.1 6 42.9

Female 24 50.0 24 50.0

Marital status

Single 6 54.5 5 45.5

Married/living with partner 20 47.6 22 52.4

Separated/widowed 6 66.7 3 33.3

Affected thumb

Left thumb 11 45.8 13 54.2

Right thumb 13 50.0 13 50.0

Both thumbs 8 66.7 4 33.3

Dominant hand affected

Yes 20 54.1 17 45.9

No 12 48.0 13 52.0

Mean SD Range Mean SD Range

Baseline

Age (years) 63.3 8.5 46–83 62.8 7.7 51–78

Education (years) 15.4 2.7 10–20 16.0 2.5 11–20

DASH 27.3 17.9 2.5–72 29.1 16.6 7.8–61

Pain 5.0 2.0 1–10 5.0 2.4 2–9

PASS 51.6 32.5 14–133 38.6 22.5 12–102

PCS 5.6 6.0 0–26 5.7 5.5 0–24

CES-D 8.8 8.6 0–33 9.0 10.1 0–47

Whiteley Index 25.5 9.8 14–50 22.6 6.7 16–43

Grip strength (%) 77.9 25.5 17–148 82.4 23.7 32–145

Pinch strength (%) 82.5 24.4 26–161 85.2 17.8 48–121

Mean SD 95% CI Mean SD 95% CI 95% CI 
mean 

difference

P value

Follow-up

Follow-up time (weeks) 9.8 11.0 5.6–65 7.5 4.6 3.6–30 −1.7 to 
6.5

0.33

DASH 24.8 15.2 3.3–62 25.3 14.6 3.3–63 −74 to 7.7 0.71

Improvement of DASH score 2.5 17.4 −33 to 
57

3.8 13.2 −28 to 
40

−9.8 to 
5.9

0.50
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Predictors of initial DASH score
In bivariable analysis, there was a significant association between the initial DASH score 
and sex (r = 0.26, P = 0.042), the PCS score (r = 0.27, P = 0.035) and the CES-D score 
(r = 0.33, P = 0.0081) (Table 3).

Predictors of follow-up DASH score
The average DASH score did not decrease significantly from a mean of 28 ± 17 points 
(range, 2.5–72) at enrollment to a mean of 25 ± 15 points (range, 3.3–63) at follow-up 
(P = 0.21).

In bivariable analysis, the follow-up DASH score correlated significantly with the CES-
D score (r = 0.30, P = 0.019) and the Whiteley Index score (r = 0.33, P = 0.0098) (Table 4).

TABLE 2. (continued)

Parameter Neoprene vs thermoplast group 95% CI 
mean 

difference

P value

Neoprene
(n = 32)

Thermoplast
(n = 30)

Mean SD 95% CI Mean SD 95% CI

Pain 4.3 2.1 0–8 4.2 2.2 1–9 −1.0 to 
1.1

0.78

Improvement of pain 0.81 2.9 −4 to 7 0.90 2.2 −3 to 7 −1.4 to 
1.2

0.74

Splint satisfaction 6.7 3.0 0–10 5.9 2.6 2–10 −0.58 to 
2.2

0.19

Help in terms of pain relief 6.3 2.8 0–10 5.8 2.8 0–10 −0.83 to 
2.0

0.43

Help keeping active and doing 
daily activities

5.7 3.4 0–10 5.1 3.3 0–10 −1.0 to 
2.4

0.51

Improvement of quality of life 5.8 3.2 0–10 5.2 3.2 0–10 −0.93 to 
2.3

0.45

Comfort of splint 6.8 3.1 0–10 5.3 3.1 0–10 −0.058 to 
3.0

0.048

Ease of following hand therapist 
instructions regarding use

9.0 2.0 2–10 8.9 1.4 5–10 −0.65 to 
1.1

0.13

Grip strength (%) 85.0 23.2 42–161 92.0 30.4 50–217 −21.3 to 
5.8

0.52

Pinch strength (%) 91.9 19.6 41–133 89.5 19.3 49–127 −7.6 to 
12.2

0.90

The numbers in bold indicate significant P values (P < 0.05).
CI = confidence interval.
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Predictors of follow-up pain rating
The average pain decreased significantly from a mean of 5.0 ± 2.2 points (range, 1–10) 
at enrollment to a mean of 4.2 ± 2.1 points (range, 0–9) at follow-up (P = 0.048). Pain 
improved 0.9 ± 2.6 points on average (range, 4 points less to 7 points greater pain).

In bivariable analysis, there was a significant correlation between follow-up pain rating 
and education (r = −0.30, P = 0.017), the PCS score (r = 0.30, P = 0.018) and the CES-D 
score (r = 0.30, P = 0.018) (Table 5).

Predictors of satisfaction
Overall satisfaction with the splint, regardless of what type, averaged 6.3 ± 2.8 points 
(range, 0–10). Higher rated help from the splint in keeping active and doing daily activi-
ties was significantly associated with women (r = 0.26, P = 0.037). There were small but 
significant associations between satisfaction with therapist instructions and fewer symp-
toms of depression (r = −0.27, P = 0.035), less catastrophic thinking (r = −0.29, P = 0.022), 
and less heightened illness concern (r = −0.33, P = 0.0099) (Table 6).

TABLE 3. Bivariable Analysis – Initial DASH (n = 62)

Bivariable analysis Correlation P value

Mann–Whitney U test

Cohort (neoprene vs thermoplast) NS 0.69

Sex 0.26 0.042

Dominant hand affected NS 0.60

Kruskal–Wallis test

Marital status NS 0.55

Affected thumb NS 0.69

Spearman correlation

Age (years) NS 0.85

Education (years) NS 0.089

PASS NS 0.63

PCS 0.27 0.035

CES-D 0.33 0.0081

Whiteley Index NS 0.069

Bivariable analysis with response variables

Spearman correlation

Pain 0.53 < 0.0001

Grip strength (%) −0.39 0.0017

Pinch strength (%) −0.37 0.0032

The numbers in bold indicate significant P values (P < 0.05).
NS = not significant.
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Grip and pinch strength
Grip strength improved slightly, but significantly from a mean of 80 ± 25% (range, 
17–148) of the opposite side at enrollment to a mean of 88 ± 27% (range, 42–217) at 
follow-up (P = 0.010). Pinch strength improved slightly, but significantly from a mean 
of 84 ± 21% (range, 26–161) at enrollment to a mean of 91 ± 19% (range, 41–133) at 
follow-up (P = 0.015).

TABLE 4. Bivariable Analysis – Follow-up DASH (n = 62)

Bivariable analysis Correlation P value

Mann–Whitney U test

Cohort (neoprene vs thermoplast) NS 0.71

Sex NS 0.21

Dominant hand affected NS 0.85

Kruskal–Wallis test

Marital status NS 0.30

Affected thumb NS 0.38

Spearman correlation

Baseline

Age (years) NS 0.23

Education (years) NS 0.34

PASS NS 0.14

PCS NS 0.098

CES-D 0.30 0.019

Whiteley Index 0.33 0.0098

Follow-up

Follow-up time (weeks) NS 0.17

Bivariable analysis with response variables

Spearman correlation

Baseline

Pain 0.28 0.025

Grip strength (%) −0.34 0.0069

Pinch strength (%) NS 0.26

Follow-up

Pain 0.46 0.00014

Improvement of pain NS 0.71

Grip strength (%) NS 0.057

Pinch strength (%) −0.44 0.00036

The numbers in bold indicate significant P values (P < 0.05).
NS = not significant.
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Operative treatment
Only 10 of 113 patients (9%)—including seven that completed the protocol and three 
that did not—elected operative treatment to date (at an average follow-up of 3.9 years) at 
one of the nine major regional hospitals that share our electronic medical record, eight in 
the practice of the same surgeon that prescribed the study splint, and two in the practice 
of another surgeon. Surgeon A operated on five patients (22%), and surgeon B, who was 
less likely to operate overall and had the two patients leave his practice to get surgery 
somewhere else, operated on three patients (3.3%).

TABLE 5. Bivariable Analysis - Follow-up Pain (n = 62)

Bivariable analysis Correlation P value

Mann–Whitney U test

Cohort (neoprene vs thermoplast) NS 0.78

Sex NS 0.16

Dominant hand affected NS 0.52

Kruskal–Wallis test

Marital status NS 0.94

Affected thumb NS 0.67

Spearman correlation

Baseline

Age (years) NS 0.42

Education (years) −0.30 0.017

PASS NS 0.98

PCS 0.30 0.018

CES-D 0.30 0.018

Whiteley Index NS 0.32

Follow-up

Follow-up time (weeks) NS 0.67

Bivariable analysis with response variables

Spearman correlation

Baseline

DASH NS 0.081

Grip strength (%) NS 0.67

Pinch strength (%) NS 0.64

Follow-up

DASH 0.46 0.00014

Improvement of DASH score NS 0.16

Grip strength (%) −0.25 0.046

Pinch strength (%) NS 0.094

The numbers in bold indicate significant P values (P < 0.05).
NS = not significant.
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Discussion

Our primary null hypothesis that there would be no difference between arm-specific dis-
ability at follow-up was not rejected in this sample. The neoprene splint was on average 
more comfortable, but otherwise comparable to the thermoplast splint in our sample. 
This was a superiority trial, so we cannot conclude that the splints are equivalent, only 
that this trial did not show evidence of a clinically meaningful advantage for one splint 
over the other. Average pain, grip and pinch strength all improved significantly with ei-
ther splint, but the average arm-specific disability (DASH) did not change. Most patients 
either did not return or continued nonoperative treatment, so at a minimum, splints 
provide patients time to reflect on their disease and adjust to it.

The strengths of this study were that the design was a prospective randomized trial 
with adequate power for detecting a clinically relevant difference in DASH score; that the 
splints were only different in terms of material; and that a research assistant, not involved 
in patient care, took the measurements.

This study was designed and powered for a single primary study question address-
ing disability 5–15 weeks after splint prescription. With the caveat that we were only 
interested in substantial differences in DASH score, we were not able to reject our null 
hypothesis, but the confidence interval was wide (95% CI, −7.4 to 7.7), so it is possible that 
differences smaller than 10 points on the DASH might be detected in a larger trial. All of 
the secondary study questions—including the difference in patient preferences—should 
be considered hypothesis-generating. Additional limitations of this study were the use of 
DASH scores with up to five missing answers instead of the validated three missing items; 
the reliance on clinical rather than a radiological diagnosis of TMC arthrosis which did 
not account for the degree of objective pathophysiology; the length of follow-up which 
might be specific to our practice; the research assistant who evaluated patients at both 
time points was not blinded to the randomization; the use of follow-up data from three 
patients who completed the protocol later than the accepted time-frame; and the large 
number of patients that did not complete the study. Satisfied patients may not have felt 
the need to return, which could explain the high loss to follow-up (43%) and the rela-
tively low recorded satisfaction; however, the opposite may also be true. This study was 
conducted at a tertiary care hospital which might affect the generalizability of this study, 
although the majority of our patients come directly from primary care doctors in our 
network and did not receive any previous treatment. The results should be interpreted in 
light of the fact that these represent the average patient.

Partially consistent with our results, a review in 2007 concluded that there was no supe-
rior splint in terms of comfort, pain relief or function14. In 2004 and 2011, two crossover 
trials compared a custom-made thumb spica thermoplastic splint with the MP joint free 
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to a pre-fabricated short neoprene splint with the MP included, and found that patients 
preferred the neoprene over the thermoplast splint4,5.

Splints significantly, but modestly, decrease pain for TMC arthrosis in this and prior 
studies3,4,15. Weiss et al.4 found that the neoprene splint provided greater pain relief than 
the thermoplast splint, while Sillem et al.5 found the opposite. In 2011, no between-group 
difference in the effect on subjective and objective hand function was found by Sillem et 
al.; although only the thermoplastic splint significantly improved subjective hand func-
tion5.

Disability with TMC arthrosis after splinting related more to depression and height-
ened illness concern than demographics or treatment details, but most of the variation 
in disability remains unexplained. That depressive symptoms correlated with disability is 
consistent with earlier research16,17.

Berggren et al.18 studied 33 patients seeking TMC arthroplasty that were sent to an 
occupational therapist and randomized to one of three treatment strategies: one group 
treated with adaptive accessories (e.g., pen handle, book support, and bread saw) and the 
other two groups treated with one of two splint types in addition to treatment with the 
accessories. During a seven month follow-up only 30% had surgery, and after 7 years, 
during which time four patients died, only two more patients requested operative treat-
ment.

Based on the current study, and in the context of other data, we would advise patients 
as follows: (1) a pre-fabricated, soft splint provides more comfort with less cost than a 
custom-made firm splint; (2) the substantial variation in symptoms and disability remains 
incompletely explained, but optimal mood and effective adaptive strategies are important 
opportunities for less pain and better function; and (3) a small percentage of patients that 
seek attention for TMC arthrosis request operative treatment within the first 4 years or so 
of their first visit with a hand surgeon and after splint treatment. The finding of minimal 
difference between splints on average (neoprene slightly more comfortable and otherwise 
no differences) suggests that surgeons and therapists can spend less time discussing the 
technical aspects of various splint options and more time coaching patients on other 
adaptive and palliative measures to help patients manage their symptoms and remain as 
functional as possible.
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Abstract

Background
This study tested the null hypothesis that type of injection (corticosteroid vs placebo) 
is not a predictor of arm-specific disability as measured with the Disabilities of Arm, 
Shoulder and Hand questionnaire 1 to 3 months after injection of dexamethasone or 
placebo for treatment of trapeziometacarpal (TMC) arthrosis or de Quervain syndrome. 
Secondly, we tested if type of injection was a predictor of pain intensity.

Methods
Thirty-six English-speaking adults with TMC arthrosis or de Quervain syndrome were 
randomized for a dexamethasone or a placebo injection. At time of the injection, patients 
completed a demographic data sheet and validated questionnaires assessing arm-specific 
disability, pain intensity, depressive symptoms, pain catastrophizing, and patient’s health-
related beliefs. At an average of 1.4 ± 0.42 months (range, 0.79–2.5 months) after the 
injection, patients completed questionnaires regarding arm-specific disability, pain, and 
treatment satisfaction. Grip and pinch strength measurements were measured at both 
time points. Bivariable and multivariable analyses assessed predictors of arm-specific 
disability and pain intensity at follow-up.

Results
Type of injection was not a predictor of arm-specific disability or pain intensity 1 to 3 
months after injection. The best model both for arm-specific disability and pain intensity 
at follow-up included pain catastrophizing and explained 18% and 33% of the variability, 
respectively.

Conclusions
Catastrophic thinking was a better predictor of both arm-specific disability and pain 
intensity than diagnosis or type of injection (steroid vs placebo) 1 to 3 months after an 
injection.
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Introduction

Disability associated with common upper extremity diseases correlates most strongly 
with mood and coping strategies1-3. It is unclear to what degree physical treatments can 
decrease disability, whether they are disease-modifying or palliative. Specific to this study, 
it is not clear whether a corticosteroid injection can decrease disability associated with 
either trapeziometacarpal (TMC) arthrosis or de Quervain syndrome.

Data to date have not demonstrated a consistent advantage of intra-articular corticoste-
roid injections over placebo for TMC arthrosis4. The only randomized placebo-controlled 
trial comparing steroid and placebo injection for de Quervain syndrome that we are 
aware of demonstrated an advantage for steroid at 1 week and up to 1 year5.

This study tested the null hypothesis that type of injection (corticosteroid vs placebo) is 
not a predictor of arm-specific disability as measured with the Disabilities of Arm, Shoul-
der and Hand (DASH) questionnaire 1 to 3 months after injection of dexamethasone or 
placebo for treatment of TMC arthrosis or de Quervain syndrome. Our secondary null 
hypothesis was that type of injection is not a predictor of pain intensity 1 to 3 months after 
injection of dexamethasone or placebo for treatment of TMC arthrosis or de Quervain 
syndrome. Finally, we assessed if there were other predictors than type of injection for 
arm-specific disability as measured with the DASH questionnaire and pain intensity 1 to 
3 months after injection of dexamethasone or placebo for treatment of TMC arthrosis or 
de Quervain syndrome.

Materials and Methods

A prospective, randomized, double blind study comparing injection with dexamethasone 
and lidocaine versus injection of placebo (lidocaine only) for lateral epicondylitis was 
approved by our human research committee. The study for lateral epicondylitis was initi-
ated and completed with balanced 1:1 randomization, but patients did not like the idea 
of receiving a placebo. During the study, we requested and received permission to add 
patients diagnosed with TMC arthrosis and de Quervain syndrome to our study and 
to change to unbalanced randomization so that three out of four patients would receive 
dexamethasone instead of a placebo. This change did not improve enrollment as much as 
hoped and the trial was terminated. Given how difficult these data were to generate, we 
developed a new primary study question in an attempt to learn from it.

Patients with pain in the radial styloid region that could be reproduced with (1) palpa-
tion over the first dorsal compartment of the wrist, and (2) active or passive ulnar devia-
tion with a fist around the thumb (Finkelstein maneuver), were considered for enrollment 
into the de Quervain syndrome group. Patients with pain at the base of the thumb that 
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could be reproduced along with crepitation by pushing and moving the thumb metacar-
pal against the trapezium (the grind test) were considered for enrollment into the TMC 
arthrosis group. After enrollment and informed consent, the diagnosis was confirmed 
when the majority of symptoms and signs were relieved after injection of lidocaine (with 
or without dexamethasone) into the origin of the first dorsal wrist compartment (for 
de Quervain syndrome) or the TMC joint (for TMC arthrosis). Radiological assessment 
was not considered necessary for diagnosis. More diffuse pain and tenderness were not 
considered a reason for exclusion if all of the above criteria were met. Informed consent 
was obtained from all patients.

Forty-two English-speaking adult patients (18 years or older) that presented to one 
of two hand surgeons at an outpatient clinic of a tertiary care hospital with complaints 
and physical findings consistent with the diagnosis of TMC arthrosis or de Quervain 
syndrome that existed for less than 6 months were enrolled in this randomized controlled 
trial between November 2004 and February 2008. Patients with the following criteria 
were excluded from this study: (1) other problems or complaints concerning the involved 
arm, (2) systemic inflammatory disease, (3) pregnant women, (4) prior treatment with 
corticosteroids (either an injection or iontophoresis), (5) prior surgery for the condition, 
(6) abnormal neurologic examination, and (7) history of adverse reaction to lidocaine or 
corticosteroids.

After informed consent was obtained, patients were randomized to either a single in-
jection with 1 mL dexamethasone (4 mg dexamethasone sodium phosphate per milliliter 
saline; American Region Laboratories Inc., Shirley, NY) mixed with 1 mL 1% lidocaine 
(10 mg lidocaine hydrochloric acid per milliliter saline; Abbott Labs, N. Chicago, IL) 
without epinephrine or a single placebo injection of 2 mL 1% lidocaine. All injections 
were prepared by a trained research assistant and administered by the treating hand 
surgeon. Both the patient and the surgeon were blinded from the assigned treatment for 
the duration of the study. Patients were randomized 3:1 in the dexamethasone and the 
placebo cohort, respectively.

Before the injection was administered, patients completed a demographic data sheet 
and the following questionnaires: 10 cm Visual Analogue Scale (VAS) to measure pain 
intensity, the DASH6 questionnaire to determine arm-specific disability, the Center for 
Epidemiologic Studies – Depression Scale (CES-D)7,8 to measure symptoms of depression, 
the Pain Catastrophizing Scale (PCS)9 to evaluate pain catastrophizing, and the general 
Multidimensional Health Locus of Control (MHLC)10 scale to assess patients’ health-
related beliefs. The MHLC subscales evaluate patients’ belief if the forces determining 
one’s health are (1) primarily internal, (2) under the control of powerful others, and (3) 
a matter of chance. Patients who score high on the “Internal Health Locus of Control” 
(IHLC) subscale find themselves personally responsible for their health. Those who score 
high on the “Powerful Others Health Locus of Control” (PHLC) subscale rely on impor-
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tant others for control on their health (e.g. their doctor), and patients with a high score on 
the “Chance of Health Locus of Control” (CHLC) subscale believe that their health status 
is a matter of chance. Patient’s grip and pinch strength were measured by an independent 
research assistant as the average of three attempts. The Jamar dynamometer (Asimov 
Engineering, Los Angeles, California) was used to measure grip strength and a pinch 
gauge (B&L Engineering, Santa Ana, California) was used to measure pinch strength. 
Grip and pinch strength were expressed as the percentage of strength of the involved side 
compared to the noninvolved side (involved/noninvolved side). At time of follow-up, 
patients completed the DASH, the VAS for pain, and the VAS for treatment satisfaction. 
Grip and pinch strength measurements were repeated.

The primary outcome was arm-specific disability as measured with the DASH 1 to 3 
months after enrollment. The secondary outcome measure was the VAS for pain intensity 
1 to 3 months after enrollment.

Statistical analysis
A post hoc power analysis demonstrated that 36 patients provided 79% power to detect 
three predictors with an R-squared that would explain 25% of the variability in DASH 
scores using a multivariable linear regression analysis at a significance level of 0.05.

Missing or invalid measurements were imputed with the mean of the specific study 
cohort. Based on the small sample size, nonparametric tests were used to analyze the 
relationships between variables. In bivariable analysis, the Mann–Whitney U test was 
used to evaluate a dichotomous and a continuous variable, and the effect size (r) was 
calculated by dividing the z value by the square root of the total number of cases. The 
Kruskal–Wallis test was conducted to compare categorical variables with more than 
two categories and a continuous variable. The Pearson Chi-square test was performed 
to assess the relationship between two categorical variables. Whenever the expected cell 
frequency was less than five, the Fisher’s exact test was used. Spearman correlations were 
performed to determine the relationship between two continuous variables.

Variables with a significance level of p < 0.10 met the criterion to be entered into a 
multivariable linear regression analysis using the stepwise backward method. Categorical 
variables with more than two categories were entered as dummy-coded variables.

Results

Of the 42 patients enrolled in this study, one patient was excluded because enrollment 
data were misplaced and five patients were lost to follow-up. Thirty-six patients (88%) 
completed the study an average of 1.4 ± 0.42 months (range 0.79–2.5 months) after 
enrollment: 27 patients (75%) in the dexamethasone injection cohort (10 patients with 
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TMC arthrosis and 17 patients with de Quervain syndrome) and 9 patients (25%) in 
the placebo injection cohort (four patients with TMC arthrosis and five patients with de 
Quervain syndrome). The 36 patients that completed the study had, on average, a higher 
IHLC score than the five patients who were lost to follow-up (p = 0.014).

Baseline characteristics of the cohorts are reported in Table 1. The only significant dif-
ference between the two cohorts was in work status (p = 0.034).

TABLE 1. Overview of Cohorts at Baseline (n = 36)

Parameter Dexamethasone 
injection
(n = 27)

Placebo injection
(n = 9)

Correlation p value

Mean SD Range Mean SD Range

Age (years) 48 12 26–68 55 12 28–69 NS 0.13

Education (years) 16 2.8 12–24 14 3.5 8.0–18 NS 0.18

Onset of symptoms (n = 32) 32 84 3.0–416 64 79 4.0–208 NS 0.70

DASH 31 18 1.7–69 31 11 17–53 NS 0.91

Pain 5.0 2.2 0.60–9.0 4.9 2.9 1.2–9.5 NS 0.96

IHLC 23 5.5 6.0–34 23 2.0 19–25 NS 0.53

CHLC 15 5.4 6.0–26 16 4.8 8.0–21 NS 0.52

PHLC 17 6.0 6.0–30 17 5.3 9.0–26 NS 0.99

CES-D 9.9 13 0–52 9.1 8.3 2.0–27 NS 0.36

PCS 21 8.8 13–39 20 6.2 13–30 NS 0.91

Number % Number %

Gender NS 0.67

Male 8 29.6 2 22.2

Female 19 70.4 7 77.8

Race NS 0.17

White 24 88.9 7 77.8

Black 1 3.7 2 22.2

Asian/Pacific Islander 2 7.4 0 0.0

Diagnosis NS 0.71

TMC Arthrosis 10 37.0 4 44.4

De Quervain syndrome 17 63.0 5 55.6

Marital status NS 0.23

Single 7 25.9 0 0.0

Married/living with partner 16 59.3 7 77.8

Separated/widowed 4 14.8 2 22.2

Work status 0.034

Working, full-time or part-time 22 81.5 4 44.4

Homemaker 1 3.7 2 22.2
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Numbers analyzed
Mean imputation was used for one missing DASH questionnaire, one missing VAS for 
pain, one missing IHLC subscale, one missing CES-D questionnaire, eight missing grip 
strength measurements, and three missing pinch strength measurements at enrollment. 
At time of follow-up, one missing DASH questionnaire, one missing grip strength mea-
surement, and one missing pinch strength measurement were imputed with the mean of 
the specific cohort.

Follow-up comparisons
There was no significant difference in arm-specific disability (p = 0.81) or pain intensity 
(p = 0.80) 1 to 3 months after enrollment between patients who received a dexamethasone 
or a placebo injection (Tables 2 and 3).

Predictors of arm-specific disability at follow-up
Variables with a significant relationship with arm-specific disability at follow-up in bi-
variable analysis were any previous treatment (p = 0.029), the PCS (p = 0.0071), and the 
CES-D (p = 0.0083), but not placebo or dexamethasone injection. The best multiple linear 
regression model for greater arm-specific disability included greater catastrophic think-
ing and explained 18% of the variability (adjusted R-squared = 0.18, p < 0.001) (Table 2). 

TABLE 1. (continued)

Parameter Dexamethasone 
injection
(n = 27)

Placebo injection
(n = 9)

Correlation p value

Number % Number %

Retired 1 3.7 0 0.0

Unemployed 2 7.4 0 0.0

Other/unknown 1 3.7 3 33.3

Degree of education NS 0.18

No diploma or high school 
diploma

5 18.5 4 44.4

Post-secondary education degree 22 81.5 5 55.6

Dominant hand involved NS 0.70

No 14 51.9 6 66.7

Yes 13 48.1 3 33.3

Any previous treatment (n = 31) NS 0.99

No 6 27.3 2 22.2

Yes 16 72.7 7 77.8

The numbers in bold indicate significant p values (p < 0.05).
NS = not significant.
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TABLE 2. Bivariable and Multivariable Analysis – Follow-up DASH (n = 36)

Bivariable analysis Correlation p value

Mann–Whitney U test

Cohort (dexamethasone vs placebo) NS 0.81

Diagnosis NS 0.40

Sex NS 0.45

Degree NS 0.24

Dominant hand affected NS 0.75

Any previous treatment (n = 31)† 0.36 0.029

Kruskal–Wallis test

Race NS 0.12

Marital status NS 0.45

Work status NS 0.21

Spearman correlation

Baseline

Age (years) NS 0.21

Education (years) NS 0.97

Onset of symptoms (n = 32) NS 0.56

IHLC NS 0.16

CHLC NS 0.33

PHLC NS 0.76

PCS 0.44 0.0071

CES-D* 0.43 0.0083

Follow-up

Follow-up time (weeks) NS 0.18

Multivariable analysis Adjusted R²

PCS 0.18 0.0062

Bivariable analysis with response variables‡ Correlation

Spearman correlation

Baseline

Pain 0.43 0.0098

Grip strength (%) NS 0.85

Pinch strength (%) −0.34 0.041

Follow-up

Pain 0.64 < 0.001

Grip strength (%) NS 0.76

Pinch strength (%) NS 0.66

The numbers in bold indicate significant p values (p < 0.05).
NS = not significant.
*Variable entered in the multivariable analysis but not included in the strongest model.
†Variable not entered in the multivariable analysis because this would decrease the sample size of the model.
‡Response variables not considered for the multivariable analysis.
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TABLE 3. Bivariable and Multivariable Analysis – Follow-up Pain (n = 36)

Bivariable analysis Correlation p value

Mann–Whitney U test

Cohort (dexamethasone vs placebo) NS 0.80

Diagnosis NS 0.72

Sex NS 0.94

Degree* 0.35 0.036

Dominant hand affected NS 0.41

Any previous treatment (n = 31) NS 0.28

Kruskal–Wallis test

Race NS 0.22

Marital status NS 0.48

Work status NS 0.21

Spearman correlation

Baseline

Age (years) NS 0.20

Education (years) NS 0.12

Onset of symptoms (n = 32) NS 0.28

IHLC NS 0.91

CHLC NS 0.87

PHLC* 0.35 0.035

PCS 0.55 < 0.001

CES-D* 0.50 0.0020

Follow-up

Follow-up time (weeks) NS 0.44

Multivariable analysis Adjusted R²

PCS 0.33 < 0.001

Bivariable analysis with response variables‡ Correlation

Spearman correlation

Baseline

DASH 0.37 0.028

Grip strength (%) NS 0.29

Pinch strength (%) NS 0.50

Follow-up

DASH 0.64 < 0.001

Grip strength (%) NS 0.57

Pinch strength (%) NS 0.37

The numbers in bold indicate significant p values (p < 0.05).
NS = not significant.
*Variables entered in the multivariable analysis but not included in the strongest model.
‡Response variables not considered for the multivariable analysis.
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Any previous treatment was not entered into this model because this would affect the 
number of patients taken into account. A multivariable analysis with PCS, CES-D, and 
any previous treatment resulted in a best model which included greater catastrophic 
thinking and explained 17% of the variability (adjusted R-squared = 0.17, p = 0.013).

Predictors of pain intensity at follow-up
Variables with a significant relationship with pain at follow-up in bivariable analysis were 
degree of education (p = 0.036), PHLC subscale (p = 0.035), the PCS (p < 0.001), and the 
CES-D (p = 0.0020), but not placebo or dexamethasone injection. The best multiple linear 
regression model for greater pain intensity included greater catastrophic thinking alone 
and explained 33% of the variability (adjusted R-squared = 0.33; p < 0.001) (Table 3).

Discussion

We were not able to reject our null hypothesis: there was no difference in arm-specific 
disability as measured with the DASH 1 to 3 months after injection of dexamethasone or 
placebo for treatment of TMC arthrosis or de Quervain syndrome. Furthermore, there 
was no difference in pain intensity 1 to 3 months after injection of dexamethasone or 
placebo for treatment of TMC arthrosis or de Quervain syndrome. Pain catastrophizing 
was the strongest predictor of arm-specific disability and pain intensity.

The strengths of this study are the prospective randomized placebo-controlled data 
collection and the fact that the research assistant was not involved in patient care. Limita-
tions include low power (79%) in part due to the uneven allocation ratio, discontinuation 
of the original trial before reaching the target enrollment number because of the slow 
enrollment rate (patients preferred to receive the active treatment instead of a placebo) 
with subsequent alteration of the primary study question, and the loss of five patients 
(12%).

Our findings should be put into perspective with other studies. Among the few ran-
domized placebo injection controlled trials to date, none has demonstrated a benefit of 
corticosteroid injection over placebo for TMC arthrosis11,12. Several prospective cohort 
studies of corticosteroid injection and an open-label trial of corticosteroid and hyal-
uronate injections documented improvements in both groups but did not compare to 
placebo injection13-16.

A randomized placebo-controlled trial of corticosteroid injection for de Quervain 
syndrome by Peters-Veluthamaningal and colleagues5 followed patients a mere week after 
injection and found a benefit of steroids for pain relief, but not function. Retrospective 
and prospective cohort studies report improvements in most patients, but often over long 
time periods17-19.
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Regarding the surgical treatment options for these conditions, it is difficult to know the 
optimal rate of surgery for a problem that is self-limiting (de Quervain syndrome) and a 
problem that everyone eventually gets and most people adapt to (TMC arthrosis).

The findings of this study are in agreement with extensive study of musculoskeletal pain 
conditions that consistently finds that symptoms of depression and ineffective coping 
strategies such as catastrophic thinking (or low self-efficacy) explain more of the varia-
tion in pain intensity and disability than pathophysiology or biomedical treatments20-22.

This study supports our belief that the effectiveness of corticosteroid injections for 
treatment of TMC arthrosis and de Quervain syndrome seems limited and uncertain, 
but that there is valuable opportunity to reduce suffering by helping patients to develop 
adaptation, resiliency, and optimism.
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Abstract

Background
There are substantial variations in medical services that are difficult to explain based on 
differences in pathophysiology alone. The scale of variation and the number of people 
affected suggest substantial potential to lower healthcare costs with the reduction of 
practice variation. Our study assessed practice variation across three affiliated urban sites 
in one city in the United States and related healthcare costs following the diagnosis of 
hand osteoarthritis (OA) in patients.

Questions/purposes
(1) What are the factors associated with increased costs and surgery in the first year after 
diagnosis of hand OA? (2) How much practice variation exists among hand surgeons in 
terms of the number of patient visits, use of imaging tests, use of injections, occupational 
therapy use, and surgery? (3) What proportion of total cost is accounted for by patients 
who consult with an additional provider?

Methods
Patients receiving a new diagnosis of primary hand OA between January 1, 2007, and 
December 31, 2011, were identified from the research database of three affiliated urban 
hospitals in a single city in the United States. We included 2814 patients (69%, 1929 
women) treated by six hand surgeons. We recorded all visits, imaging tests, injections, 
occupational therapy visits, and surgical procedures in the first year after that diagnosis. 
Costs were extracted from the Medicare Physician Fee Schedule. Reliability of the data-
base was assessed by manual checking of 120 patient charts (4.3% of all data); reliability 
was determined to be 94% (113 of 120) for diagnoses, 97% (116 of 120) correct surgeon, 
100% (120 of 120) second surgeon, 99% (278 of 282) visits, 99% (132 of 134) imaging 
procedures, 92% (11 of 12) injections, 95% (21 of 22) surgical procedures, and 85% (102 
of 120) prescribing occupational therapy.

Results
Predictors of increased costs included younger patient age (regression coefficient [β] 
−3.5, semipartial R² 0.0049, 95% confidence interval [CI] −5.4 to −1.7, p < 0.001), seeing 
a second surgeon (β 283, semipartial R² 0.0095, 95% CI 176–391, p < 0.001), and spe-
cific surgeons (surgeon 1: β −243, semipartial R² 0.026, 95% CI −298 to −188, p < 0.001; 
surgeon 2: β −177, semipartial R² 0.0090, 95% CI −246 to −109, p < 0.001; surgeon 6: β 
124, semipartial R² 0.0050, 95% CI 59–189, p < 0.001) (adjusted R² = 0.056). Similarly, 
factors associated with increased surgical intervention included younger patient age (β 
−0.0026, semipartial R² 0.0071, 95% CI −0.0037 to −0.0015, p < 0.001), male sex (β 0.041, 
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semipartial R² 0.0028, 95% CI 0.012–0.069, p = 0.005), seeing a second surgeon (β 0.16, 
semipartial R² 0.0091, 95% CI 0.094–0.22, p < 0.001), and specific surgeons (surgeon 
1: β −0.14, semipartial R² 0.026, 95% CI −0.18 to −0.11, p < 0.001; surgeon 2: β −0.13, 
semipartial R² 0.014, 95% CI −0.17 to −0.091, p < 0.001). There were large variations in 
the average number of visits (1.5-fold), imaging tests (threefold), use of injections (51-
fold), occupational therapy (twofold), and surgery rates (sevenfold) among providers. 
One hundred twenty patients (4.3%) consulted a second surgeon within the first year 
after receiving the diagnosis of hand OA, which accounted for 8.1% (USD 68,826/USD 
845,304) of the total costs.

Conclusions
Patients who saw additional providers and who were of younger age incurred higher 
costs and a greater likelihood of undergoing surgery; the latter was also greater in male 
patients. Use of medical services and associated costs vary widely among providers treat-
ing patients with hand OA. Initiatives addressing practice variation—increased use of 
decision aids, for example—merit additional study.

Level of evidence
Level III, prognostic study.
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Introduction

Substantial variations in medical services are difficult to explain based on differences in 
pathophysiology1-3. Given that studying such variations has led to improved quality, safety, 
and resourcefulness in other fields4, medical science is beginning to address variation in 
health care and methods for reducing it. Greater variation is observed in discretionary 
treatment of conditions that are part of normal human aging, including benign prostate 
hyperplasia and osteoarthritis (OA)5-7. For such conditions, variation in patient symptom 
intensity and magnitude of disability are often incompletely understood, and well-designed 
clinical trials comparing diagnostic and treatment strategies are scarce8,9. In the absence of 
practice guidelines based on solid scientific evidence, it seems that medical decision-mak-
ing may be largely determined by individual physician attitudes. The scope of variation and 
the number of people affected suggest enormous potential to reduce healthcare costs and 
improve the quality, safety, and efficiency of care through reduction in practice variation10.

Hand OA is part of human aging and its treatment is largely discretionary. Without 
standardized treatment protocols, the diagnosis is prone to treatment variation. Our 
study measured this practice variation and related costs in the first year after the diag-
nosis of hand OA in patients. Specifically, we looked at the following: (1) What factors 
are associated with increased costs and surgeries during the first year after diagnosis of 
hand OA? (2) How much practice variation exists among hand surgeons in terms of the 
number of patient visits, use of imaging tests, use of injections, occupational therapy use, 
and surgical intervention in treating patients with hand OA? (3) What proportion of the 
total cost is accounted for by patients who consulted with an additional hand surgeon?

Materials and Methods

Patient selection
After approval by our institutional review board, we examined a database containing all 
clinical encounters of three affiliated urban hospitals in a single city in the United States 
for eligible patients for this retrospective study11. We defined hand OA as any primary OA 
occurring at or beyond the carpometacarpal joints. Data were retrieved for any patients 
who received an ICD-9 code pertaining to hand OA (715.04, 715.14, 715.93, or 715.94) 
from September 16, 1991 (date of first registered hand OA ICD-9 code) through Decem-
ber 31, 2012 (n = 7363). We included all patients diagnosed between January 1, 2007, and 
December 31, 2011, resulting in a minimum possible follow-up of 1 year. Subsequently, to 
identify only newly diagnosed patients, using the same ICD-9 codes, we excluded patients 
who had received a diagnosis of hand OA by any healthcare provider in our system before 
the defined time period for our study (n = 3042 excluded).
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To create a homogenous sample, patients diagnosed with inflammatory arthritis, 
systematic inflammatory illness likely to involve joints, or secondary OA of the hand any 
time before or within 1 year of their hand OA diagnosis were also excluded (n = 1461) 
(Appendix 1). We did not exclude patients with additional upper extremity diagnoses 
(such as fracture, trigger finger, or carpal tunnel syndrome).

To account for possible confounding of additional hand diagnoses, we recorded if 
patients received an additional diagnosis (other than our exclusion criteria) by their hand 
surgeon 6 months before or within 1 year of their hand OA diagnosis and treated such 
occurrences as an independent variable.

After patient selection, we included the six providers with more than 100 patients (ex-
cluding one provider and 46 patients) to ensure a representative sample of patients with 
hand OA in each surgeon’s practice. All hand surgeons completed orthopaedic residency 
training, completion date ranged from 1975 to 2007, and four hold a subspecialty certifi-
cate in hand surgery by the American Society for Surgery of the Hand. Our final cohort 
consisted of 2814 patients with an average age of 62 ± 12 years (range, 16–98 years); 
69% (n = 1929) of our study patients were women (Table 1). All procedures performed 
after the initial diagnosis of hand OA were ascribed to the provider who gave the initial 
diagnosis.

TABLE 1. Baseline Characteristics of Hand Surgeons’ Practices

Provider Number
of

patients
(n = 2814)

Women Age
(years ± SD)

Concomitant
hand

diagnosis

Sodha 1 Sodha 2 Sodha 3 Additional 
provider 

within our 
system

Surgeon 1 613 62% (378) 62 (± 12) 65% (399) 42% (25) 37% (22) 22% (13) 4.4% (27)

Surgeon 2 348 70% (242) 61 (± 12) 55% (193) 45% (27) 38% (23) 17% (10) 2.0% (7)

Surgeon 3 297 80% (238) 62 (± 11) 56% (166) 23% (14) 32% (19) 45% (27) 5.7% (17)

Surgeon 4 446 72% (319) 62 (± 12) 66% (293) 30% (18) 35% (21) 35% (21) 3.4% (15)

Surgeon 5 709 67% (472) 62 (± 11) 67% (478) 32% (19) 32% (19) 37% (22) 5.9% (42)

Surgeon 6 401 70% (280) 62 (± 12) 43% (175) 32% (19) 37% (22) 32% (19) 3.0% (12)

Mean 2814 69% (1929) 62 (± 12) 61% (1704) 34% (122) 35% (126) 31% (112) 4.3% (120)

p value < 0.001 0.57 < 0.001 0.081 0.022

Discrete variables as percentage (number); Sodha scale rates trapeziometacarpal joint osteoarthritis severity 
using a three-point scale: none, definite, destroyed trapeziometacarpal joint12.

Provider’s practice
To assess for possible differences in pathophysiology among providers’ practices, we ran-
domly selected 60 radiographs per provider (post hoc power analysis: 0.83 power, alpha 
0.05, chi-square test). Two investigators, independently, blinded for the treating surgeon, 
rated the trapeziometacarpal joint for OA severity using the three-point scale of Sodha 
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et al. (none, definite, destroyed trapeziometacarpal joint)12. We found no difference in 
patient OA severity among providers’ practices using bivariate analysis (Table 1). Or-
dered logistic regression showed age to be the only predictor for OA severity (odds ratio 
1.1, pseudo R² 0.065, 95% CI 1.05–1.08, p < 0.001). Additionally, we manually reviewed 
the medical records of 20 randomly selected patients for each provider. Of the patients 
reviewed in detail, 60% sought care for OA of the thumb (45% trapeziometacarpal, 3% 
metacarpophalangeal, and 12% interphalangeal); 31% sought care for OA of the other 
digits; and 9% had OA that involved both the thumb and other digits. We found no dif-
ference in joints affected among providers (p = 0.68; post hoc power analysis: 0.75 power, 
alpha 0.05, chi-square test).

Because of the nature of our data, we could not track patients seeking care outside our 
hospital system. We did track patients seeing another hand surgeon within our system; 
this proportion ranged between surgeons from 2.0% (seven of 348) to 5.9% (42 of 709) 
(p = 0.022) (Table 1). To account for any possible confounding, we recorded such occur-
rence as an independent variable (Tables 2, 3).

Of all 120 patients seeing an additional provider, we matched the subset of 79 patients 
with a hand radiograph for age and sex to patients only seeing one hand surgeon (ratio 
1:1). Again, we rated trapeziometacarpal joint OA severity by Sodha grading. We found 
no difference in OA severity between patients on bivariate analysis (additional provider: 
grade 1 20% [16 of 79], grade 2 48% [38 of 79], grade 3 32% [25 of 79] versus matched 
controls: grade 1 18% [14 of 79], 53% [42 of 79], grade 3 29% [23 of 79]; p = 0.93) (post 
hoc power analysis: 1.0 power; alpha 0.05, Wilcoxon signed rank sum test).

TABLE 2. Multivariable Analysis Predictors for Costs and Surgery

Cost factors Regression
coefficient (β)

SE 95% CI p value Semipartial R² Adjusted R²

Age −3.5 0.95 −5.4 to −1.7 < 0.001 0.0049 0.056

Additional provider 283 55 176–391 < 0.001 0.0095

Surgeon 1 −243 28 −298 to −188 < 0.001 0.026

Surgeon 2 −177 35 −246 to −109 < 0.001 0.0090

Surgeon 6 124 33 59–189 < 0.001 0.0050

Surgery factors

Age −0.0026 0.00058 −0.0037 to −0.0015 < 0.001 0.0071 0.048

Men 0.041 0.015 0.012–0.069 0.005 0.0028

Additional provider 0.16 0.033 0.094–0.22 < 0.001 0.0091

Surgeon 1 −0.14 0.017 −0.18 to −0.11 < 0.001 0.026

Surgeon 2 −0.13 0.021 −0.17 to −0.091 < 0.001 0.014

CI = confidence interval.



Practice Variation in Hand Osteoarthritis 121

7

Outcome measures
Using Current Procedural Terminology (CPT, Appendix 2) and ICD-9 codes, we iden-
tified all visits, patients with only a single visit, imaging tests, injections, and surgical 
procedures related to hand OA during the first year after patient diagnosis. In addition, 
we recorded if patients had an occupational therapy visit within 3 months of their hand 
OA diagnosis. Investigators, who were blinded to the treating surgeon, not involved with 
the treatment of the patients established our outcome measures.

Costs were estimated from the searchable Medicare Physician Fee Schedule provided 
by the Centers for Medicare & Medicaid Services, using the 2009 facility priced national 
payment amount13. Using this method only provides a physician fee for CPT codes and 
does not account for procedures registered by ICD-9 codes; therefore, ICD-9 codes were 
matched to a corresponding CPT code to allow for estimation of costs.

Reliability of the database
At the start of the study, we realized that each hand surgeon had a different way of cod-
ing the diagnosis of hand OA. A survey was sent to each hand surgeon to determine 
their use of ICD-9 codes for hand OA so that we could be certain we had identified 
all qualifying patients in the database. When manually reviewing the medical records 
of 20 randomly selected patients for each provider, we documented 94% (113 of 120) 
accuracy of diagnosis, 97% (116 of 120) identification of the correct surgeon, and 100% 
(120 of 120) accuracy in identifying consultation of a second surgeon. In addition, our 
research database recorded 99% (278 of 282) of all visits, 99% (132 of 134) of all imaging 
procedures, 92% (11 of 12) of all injections, and 95% (21 of 22) of all surgical procedures. 
We identified 85% (102 of 120) prescribing occupational therapy (Appendix 3).

TABLE 3. Bivariate Analysis Predictors of Cost and Surgery

Continuous Costs (USD)* p value Surgery* p value

Age −0.054 0.0042 −0.066 < 0.001

Dichotomous

Men 319 (± 594)
0.012

0.14 (± 0.39)
0.014

Women 292 (± 606) 0.11 (± 0.35)

Hand OA only 336 (± 696)
0.62

0.13 (± 0.38)
0.29

Concomitant hand diagnosis 277 (± 532) 0.11 (± 0.36)

Single provider 288 (± 590)
< 0.001

0.11 (± 0.35)
< 0.001

Additional provider 574 (± 785) 0.28 (± 0.53)

Injection 0.094 (± 0.29)
0.56

No Injection 0.11 (± 0.31)

*Presented as mean (± SD); OA = osteoarthritis.
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Statistical analysis
Dichotomous variables were compared using the chi-square test. Except for costs, all con-
tinuous variables were compared using nonparametric tests. Cost data were normalized 
by logarithmic conversion before parametric testing. To identify independent predictors 
for surgery and costs, we created two multivariable models, including all variables with 
p < 0.10 on bivariable analysis, after changing all categorical values into dummy vari-
ables with the first variable exempted from analysis. A p value of < 0.05 was considered 
significant.

Results

Costs and surgery
The final multivariable model for higher costs included younger patient age (regression 
coefficient [β] −3.5, semipartial R² 0.0049, 95% confidence interval [CI] −5.4 to −1.7, 
p < 0.001), seeing a second surgeon (β 283, semipartial R² 0.0095, 95% CI 176–391, 
p < 0.001), and specific surgeons (surgeon 1: β −243, semipartial R² 0.026, 95% CI −298 to 
−188, p < 0.001; surgeon 2: β −177, semipartial R² 0.0090, 95% CI −246 to −109, p < 0.001; 
surgeon 6: β 124, semipartial R² 0.0050, 95% CI 59–189, p < 0.001) as independent predic-
tors (adjusted R² = 0.056; Table 2). The model was derived after initial bivariate analyses: the 
average cost per patient was USD 300 ± USD 602 but differed fourfold among individual 
surgeons (range, USD 114–477 average per provider; p < 0.001; Table 4). Men incurred 
higher healthcare costs compared with women (USD 319 ± USD 594 versus USD 292 ± 
USD 606; p = 0.012; Table 3). Older patient age was associated with lower costs (ρ = −0.054; 
p = 0.0042); and seeing a second surgeon within the first year after diagnosis was associ-
ated with increased costs (USD 574 ± USD 785 versus USD 288 ± USD 590; p < 0.001).

TABLE 4. Variation in Surgeons’ Practices for Patients With Hand Osteoarthritis (n = 2814)

Parameter Costs
(USD)

Visits Single
visit only

Imaging
procedures

Injections Occupational
therapy

Surgical
procedures

Overall mean 300 (± 602) 2.1 (± 1.6) 52% (1463) 0.96 (± 1.1) 0.11 (± 0.39) 35% (989) 0.12 (± 0.37)

Surgeon 1 114 (± 151) 1.6 (± 1.1) 67% (413) 0.36 (± 0.72) 0.0049 (± 0.07) 28% (169) 0.024 (± 0.16)

Surgeon 2 176 (± 248) 1.9 (± 1.4) 55% (191) 0.81 (± 0.85) 0.11 (± 0.41) 54% (187) 0.032 (± 0.18)

Surgeon 3 316 (± 558) 2.4 (± 1.9) 45% (297) 1.2 (± 1.3) 0.19 (± 0.52) 26% (77) 0.13 (± 0.45)

Surgeon 4 340 (± 623) 2.2 (± 1.7) 47% (211) 1.1 (± 1.3) 0.18 (± 0.49) 21% (95) 0.15 (± 0.39)

Surgeon 5 390 (± 690) 2.3 (± 1.7) 44% (310) 1.3 (± 0.96) 0.038 (± 0.21) 45% (321) 0.17 (± 0.43)

Surgeon 6 477 (± 917) 2.1 (± 1.6) 51% (204) 1.0 (± 1.2) 0.25 (± 0.58) 35% (140) 0.18 (± 0.45)

p value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Continuous data presented as mean (± SD); discrete data as proportion (number).
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Factors associated with increased surgical intervention in our final multivariate model 
included younger age (β −0.0026, semipartial R² 0.0071, 95% CI −0.0037 to −0.0015, 
p < 0.001), male sex (β 0.041, semipartial R² 0.0028, 95% CI 0.012–0.069, p = 0.005), 
seeing a second surgeon (β 0.16, semipartial R² 0.0091, 95% CI 0.094–0.22, p < 0.001), 
and specific surgeons (surgeon 1: β −0.14, semipartial R² 0.026, 95% CI −0.18 to −0.11, 
p < 0.001; surgeon 2: β −0.13, semipartial R² 0.014, 95% CI −0.17 to −0.091, p < 0.001) 
(adjusted R² = 0.048; Table 2). Initial bivariate analyses revealed that the number of surgi-
cal procedures per patient with a new diagnosis of hand OA ranged more than sevenfold 
depending on the provider (overall mean, 12 ± 36 per 100 patients; range, 2.4–18 per 100 
patients averaged by provider; p < 0.001; Table 4). Younger patients (ρ = −0.066; p < 0.001) 
and men were more likely to undergo surgery (men, 0.14 ± 0.39 versus women, 0.11 ± 
0.35; p = 0.014). Consulting with an additional provider increased patient chance of hav-
ing surgery nearly threefold (0.28 ± 0.53 versus 0.11 ± 0.35; p < 0.001). Previous injection 
was unrelated to surgery (injection 0.094 ± 0.29 versus no injection 0.11 ± 0.31; p = 0.56; 
Table 3).

Practice variation
We found a difference in the number of visits, proportion of only a single visit, the use 
of imaging tests, injection, occupational therapy, and surgery per provider. On aver-
age, patients visited their hand surgeon 2.1 ± 1.6 times (range, 1.6–2.4) within the first 
year of hand OA diagnosis, depending on the provider (p < 0.001). The proportion of 
patients visiting their provider once varied between 44% (310 of 709) and 67% (413 of 
613) (p < 0.001). Patients generally underwent one imaging procedure depending on the 
provider (0.96 ± 1.1 imaging procedures; range, 0.36–1.3; p < 0.001). Approximately one 
in 10 patients had their joint injected but injection use depended on the provider (0.11 
± 0.39 injections; range, 0.0049–0.25; p < 0.001) and one in three patients visited an oc-
cupational therapist, which also depended on the provider (35% [989 of 2814]; range, 
21% [95 of 446] to 54% [187 of 348]; p < 0.001).

Second surgeon
The 4.3% of patients (n = 120) who visited a second surgeon within the first year after 
their diagnosis of hand OA accounted for 8.1% of the total costs (single provider USD 288 
± USD 590 versus additional provider USD 574 ± USD 785; p < 0.001). Seeing a second 
surgeon was not associated with patient sex (women, 0.68 ± 0.46 versus men, 0.72 ± 
0.45; p = 0.45) or age (not seeing an additional provider, 62 ± 12 years versus seeing an 
additional provider, 63 ± 12 years; p = 0.66). Patients who saw an additional provider did 
not have a higher rate of additional hand diagnosis (concomitant diagnosis one provider 
60% [1624 of 2694] versus concomitant diagnosis and additional provider 67% [80 of 
120], p = 0.16) with the number available.
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Discussion

The use of medical services varies widely across providers, and the variation is difficult 
to explain only by differences in pathophysiology of the medical conditions in question. 
The scope of variation and the number of people affected suggest enormous potential to 
reduce healthcare costs with the reduction of practice variation. To test this assumption 
for hand OA, we assessed practice variation and related healthcare costs in the first year 
after patient diagnosis. Identification of substantial practice and cost variations in our 
study may help foster awareness of variations and direct research toward initiatives ad-
dressing optimal use of resources.

Our study has some limitations. The Medicare Physician Fee Schedule reflects surgeons’ 
healthcare use costs but does not include costs for other healthcare providers (radiolo-
gists, occupational therapists, or anesthesiologists) and does not account for nonmedical 
costs such as time from work; therefore, the Fee Schedule does not reflect total healthcare 
costs. We found no difference in radiologic trapeziometacarpal joint OA severity between 
providers, but we could not assess other aspects of pathophysiology. Our study included 
an urban population living in relatively close proximity resulting in comparable surgeon 
practices—however, because of similar geographic location, our patient sample might not 
be representative of the general population. As a result of the nature of our data, we can-
not differentiate between patients leaving our system satisfied after diagnosis (and pos-
sible treatment) and those seeking care with another hand surgeon outside our system. 
However, we did include patients seeking care with another hand surgeon affiliated with 
any of the three hospitals within our system and included this as a possible confounding 
factor in our analysis. Perhaps most importantly, the study of variation cannot determine 
the optimal use of discretionary treatments for conditions such as OA.

Female sex and older age are associated with greater pathophysiology12,14, but patients 
who saw additional providers and who were younger were associated with greater costs 
and greater likelihood of surgery; the latter also increased in male patients. With our large 
cohort of patients, those with less severe disease used more extensive medical services. A 
similar trend has been noted in patients with hip and knee OA15. This might be explained 
by differences in attitudes toward surgery between men and women, because some data 
suggest that women are more fearful of surgery than men, and women are more concerned 
about the postoperative recovery time, postoperative pain, risks of anesthesia, and compli-
cations16. Another study found that women are more willing to delay surgery to await better 
technology and avoid disrupting of their caregiver roles17. The high prevalence of hand OA 
that occurs with increasing age suggests that most people adapt to it14,18. Delaying surgery, 
something that may come more naturally to women might prevent surgery altogether.

Among patients with a new diagnosis of hand OA, there is substantial variation in the 
number of visits (1.5- fold), use of injections (51-fold), occupational therapy (twofold), 



Practice Variation in Hand Osteoarthritis 125

7

imaging tests (threefold), and surgery (seven-fold) determined by providers, leading to 
the conclusion that physician attitudes have an inordinate influence on medical decision-
making1. Symptom intensity and magnitude of disability may influence some surgeons 
more than others. In other words, some surgeons are more influenced by symptoms and 
disability and others are more influenced by objective pathophysiology. Variations in the 
treatment of electrophysiologically normal carpal tunnel syndrome are an example of 
this phenomenon. Large variations in treatment approach can also be ascribed, in part, 
to the dearth of high-quality research on OA of the hand8,9. In addition to high-level 
evidence and practice guidelines, variation may decrease with the development of meth-
ods for increasing patient involvement in their own care19 by diminishing the influence 
of individual physician attitudes. Decision aids—tools to facilitate the shared decision-
making process, ie, increasing patient participation20—in particular have resulted in a 
20% decrease in proceeding with elective surgeries in other clinical areas such as knee 
replacement21, prostatectomy for benign prostatic hypertrophy22, and back surgery for 
herniated discs23. Decision aids that enhance patient involvement in decision-making by 
providing them with complete, balanced, evidence-based information, which they can 
review at their own pace, may decrease decisional conflict, that is, uncertainty about 
which course of action to take20.

In our study, patients who consulted with another hand surgeon incurred an almost 
twofold increase in costs, and such consults nearly tripled the rate of surgery without hav-
ing worse objective pathophysiology compared with controls. This suggests that the small 
percentage of patients who see surgery as their best hope may gravitate to surgeons who 
are more likely to offer it. So-called “doctor shopping” has been studied in other fields 
and has been associated with decreased patient satisfaction and with opioid addiction24,25. 
Future research should focus on factors associated with seeking a second opinion in the 
field of hand surgery and the influence on final patient symptoms and disability.

Hand surgeons tend to assume that variations in care are associated with variations 
in pathophysiology and that patients with more advanced disease will seek more care. 
Our study builds on growing evidence that more or more expensive care does not cor-
relate with more severe pathophysiology but appears more related to variations among 
surgeons than to variations in patient preferences and values. This suggests that methods 
to diminish the influence of surgeon bias might focus on more measured and deliberate 
decision-making and the provision of complete and balanced information that patients 
can understand, review at their leisure, and discuss with trusted family members and 
friends. It remains to be determined if more informed care will increase or decrease 
resource use and costs, but it seems fair to assume that decreased treatment variation 
by surgeons will reflect an increased influence of patient preferences and is therefore a 
measure of optimal respect for patients.
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APPENDIx 1. Excluded Codes

Code type Code Diagnosis description

ICD-9 696.0 Psoriatic arthropathy

ICD-9 710.0 Systemic lupus erythematosus

ICD-9 712.10 Chondrocalcinosis resulting from dicalcium phosphate crystals, involving unspecified 
site

ICD-9 712.15 Chondrocalcinosis resulting from dicalcium phosphate crystals, involving the pelvic 
region and thigh

ICD-9 712.16 Chondrocalcinosis resulting from dicalcium phosphate crystals, involving the lower leg

ICD-9 712.20 Chondrocalcinosis resulting from pyrophosphate crystals, involving unspecified site

ICD-9 712.21 Chondrocalcinosis resulting from pyrophosphate crystals, involving the shoulder region

ICD-9 712.23 Chondrocalcinosis resulting from pyrophosphate crystals, involving the forearm

ICD-9 712.24 Chondrocalcinosis resulting from pyrophosphate crystals, involving the hand

ICD-9 712.25 Chondrocalcinosis resulting from pyrophosphate crystals, involving the pelvic region 
and thigh

ICD-9 712.26 Chondrocalcinosis resulting from pyrophosphate crystals, involving the lower leg

ICD-9 712.29 Chondrocalcinosis resulting from pyrophosphate crystals, involving multiple sites

ICD-9 712.30 Chondrocalcinosis, cause unspecified, involving unspecified site

ICD-9 712.31 Chondrocalcinosis, cause unspecified, involving the shoulder region

ICD-9 712.33 Chondrocalcinosis, cause unspecified, involving the forearm

ICD-9 712.34 Chondrocalcinosis, cause unspecified, involving the hand

ICD-9 712.35 Chondrocalcinosis, cause unspecified, involving the pelvic region and thigh

ICD-9 712.36 Chondrocalcinosis, cause unspecified, involving the lower leg

ICD-9 712.38 Chondrocalcinosis, cause unspecified, involving other specified sites

ICD-9 712.39 Chondrocalcinosis, cause unspecified, involving multiple sites

ICD-9 712.80 Other specified crystal arthropathies, site unspecified

ICD-9 712.83 Other specified crystal arthropathies involving the forearm

ICD-9 712.87 Other specified crystal arthropathies involving the ankle and foot

ICD-9 712.90 Unspecified crystal arthropathy, site unspecified

ICD-9 712.93 Unspecified crystal arthropathy involving the forearm

ICD-9 712.96 Unspecified crystal arthropathy involving the lower leg

ICD-9 712.98 Unspecified crystal arthropathy involving other specified sites

ICD-9 713.0 Arthropathy associated with other endocrine and metabolic disorders

ICD-9 713.1 Arthropathy associated with gastrointestinal conditions other than infections

ICD-9 713.2 Arthropathy associated with hematological disorders

ICD-9 713.3 Arthropathy associated with dermatological disorders

ICD-9 713.4 Arthropathy associated with respiratory disorders

ICD-9 713.5 Arthropathy associated with neurological disorders

ICD-9 713.6 Arthropathy associated with hypersensitivity reaction

ICD-9 713.7 Other general diseases with articular involvement

ICD-9 713.8 Arthropathy associated with other conditions classifiable elsewhere
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ICD-9 714.0 Rheumatoid arthritis

ICD-9 714.1 Felty’s syndrome

ICD-9 714.2 Other rheumatoid arthritis with visceral or systemic involvement

ICD-9 714.30 Polyarticular juvenile rheumatoid arthritis, chronic or unspecified

ICD-9 714.31 Polyarticular juvenile rheumatoid arthritis, acute

ICD-9 714.33 Monoarticular juvenile rheumatoid arthritis

ICD-9 714.4 Chronic postrheumatic arthropathy

ICD-9 714.89 Other specified inflammatory polyarthropathies

ICD-9 715.24 Osteoarthrosis, localized, secondary, involving the hand

ICD-9 716.00 Kaschin-Beck disease, site unspecified

ICD-9 716.09 Kaschin-Beck disease involving multiple sites

LMR 337 Polymyalgia rheumatica

LMR 344 Positive rheumatoid factor

LMR 374 Rheumatic arthritis

LMR 377 Rheumatoid arthritis

LMR 413 Systemic lupus

APPENDIx 2. Procedure ICD-9 Codes and CPT Codes Used to Identify Healthcare Utilization and Its As-
sociated Costs

Visits

Cost Code Code
type

Procedure name

0.00 99024 CPT Postoperative follow-up visit, included in global service

0.00 99050 CPT Services requested after office hours in addition to basic service

23.44 99201 CPT Office or other outpatient visit for the evaluation and management of a new patient, 
which requires these 3 key components: a problem-focused history; a problem-
focused examination; straightforward medical decision-making. Counseling and/or 
coordination of care with other physicians, other qualified healthcare professionals, 
or agencies are provided consistent with the nature of the problem(s) and the 
patient’s and/or family’s needs. Usually, the presenting problem(s) are self-limited or 
minor. Typically, 10 minutes are spent face-to-face with the patient and/or family.

45.08 99202 CPT As above, 20 minutes

68.17 99203 CPT As above, 30 minutes

113.97 99204 CPT As above, 45 minutes

148.23 99205 CPT As above, 60 minutes

8.66 99211 CPT Office or other outpatient visit for the evaluation and management of an established 
patient that may not require the presence of a physician. Usually, the presenting 
problem(s) are minimal. Typically, 5 minutes are spent performing or supervising 
these services.
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23.08 99212 CPT Office or other outpatient visit for the evaluation and management of an established 
patient, which requires at least 2 of these 3 key components: a problem-focused 
history; a problem-focused examination; straightforward medical decision-making. 
Counseling and/or coordination of care with other physicians, other qualified 
healthcare professionals, or agencies are provided consistent with the nature of 
the problem(s) and the patient’s and/or family’s needs. Usually, the presenting 
problem(s) are self-limited or minor. Typically, 10 minutes are spent face-to-face 
with the patient and/or family.

44.72 99213 CPT As above, 15 minutes

69.25 99214 CPT As above, 25 minutes

98.46 99215 CPT As above, 40 minutes

66.72 99217 CPT Inpatient status and discharged on the same date, use the codes for observation or 
inpatient care services

62.76 99218 CPT Observation status are of low severity

103.87 99219 CPT Observation status are of moderate severity

145.71 99220 CPT Observation status are of high severity

89.81 99221 CPT Initial hospital care, per day, for the evaluation and management of a patient, which 
requires these 3 key components: a detailed or comprehensive history; a detailed or 
comprehensive examination; and medical decision-making that is straightforward 
or of low complexity. Counseling and/or coordination of care with other physicians, 
other qualified healthcare professionals, or agencies are provided consistent with 
the nature of the problem(s) and the patient’s and/or family’s needs. Usually, the 
problem(s) requiring admission are of low severity. Typically, 30 minutes are spent at 
the bedside and on the patient’s hospital floor or unit.

122.63 99222 CPT As above, 50 minutes

180.33 99223 CPT As above, 70 minutes

. 99225 CPT Subsequent observation care, per day, for the evaluation and management of a 
patient, which requires at least two of these three key components: an expanded 
problem-focused interval history; an expanded problem-focused examination; 
medical decision-making of moderate complexity. Counseling and/or coordination 
of care with other clinicians or agencies is provided consistent with the nature of the 
problem(s) and the patient’s and/or family’s needs. Usually, the patient is responding 
inadequately to therapy or has developed a minor complication. Physicians typically 
spend 25 minutes at the bedside and on the patient’s hospital floor or unit.

. 99226 CPT As above, 35 minutes

37.15 99231 CPT Subsequent hospital care, per day, for the evaluation and management of a 
patient, which requires at least 2 of these 3 key components: a problem-focused 
interval history; a problem-focused examination; medical decision-making that is 
straightforward or of low complexity. Counseling and/or coordination of care with 
other physicians, other qualified healthcare professionals, or agencies are provided 
consistent with the nature of the problem(s) and the patient’s and/or family’s needs. 
Usually, the patient is stable, recovering, or improving. Typically, 15 minutes are 
spent at the bedside and on the patient’s hospital floor or unit.

66.72 99232 CPT As above, 25 minutes
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127.32 99234 CPT Observation or inpatient hospital care, for the evaluation and management of 
a patient including admission and discharge on the same date, which requires 
these three key components: a detailed or comprehensive history; a detailed or 
comprehensive examination; and medical decision-making that is straightforward or 
of low complexity. Counseling and/or coordination of care with other providers or 
agencies are provided consistent with the nature of the problem(s) and the patient’s 
and/or family’s needs. Usually the presenting problem(s) requiring admission are of 
low severity.

166.99 99235 CPT Observation or inpatient hospital care, for the evaluation and management of a 
patient including admission and discharge on the same date, which requires these 
three key components: a comprehensive history; a comprehensive examination; and 
medical decision-making of moderate complexity. Counseling and/or coordination 
of care with other providers or agencies are provided consistent with the nature 
of the problem(s) and the patient’s and/or family’s needs. Usually the presenting 
problem(s) requiring admission are of moderate severity.

207.38 99236 CPT Observation or inpatient hospital care, for the evaluation and management of a 
patient including admission and discharge on the same date, which requires these 
three key components: a comprehensive history; a comprehensive examination; and 
medical decision-making of high complexity. Counseling and/or coordination of 
care with other providers or agencies are provided consistent with the nature of the 
problem(s) and the patient’s and/or family’s needs. Usually the presenting problem(s) 
requiring admission are of high severity.

66.36 99238 CPT Hospital discharge day management; 30 minutes or less

96.3 99239 CPT Hospital discharge day management; more than 30 minutes

33.18 99241 CPT Office consultation for a new or established patient, which requires these 3 key 
components: an expanded problem-focused history; an expanded problem-focused 
examination; and straightforward medical decision-making. Counseling and/or 
coordination of care with other physicians, other qualified healthcare professionals, 
or agencies are provided consistent with the nature of the problem(s) and the 
patient’s and/or family’s needs. Usually, the presenting problem(s) are of low severity. 
Typically, 15 minutes are spent face-to-face with the patient and/or family.

97.38 99242 CPT As above, 30 minutes

97.38 99243 CPT As above, 40 minutes.

154 99244 CPT As above, 60 minutes

192.23 99245 CPT As above, 60 minutes

48.69 99251 CPT Inpatient consultation for a new or established patient, which requires these 3 key 
components: a problem-focused history; a problem-focused examination; and 
straightforward medical decision-making. Counseling and/or coordination of 
care with other physicians, other qualified healthcare professionals, or agencies 
are provided consistent with the nature of the problem(s) and the patient’s and/or 
family’s needs. Usually, the presenting problem(s) are self-limited or minor. Typically, 
20 minutes are spent at the bedside and on the patient’s hospital floor or unit.

75.74 99252 CPT As above, 40 minutes

114.69 99253 CPT As above, 55 minutes

165.55 99254 CPT As above, 80 minutes

201.97 99255 CPT As above, 110 minutes
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86.92 99354 CPT Prolonged service in the office or other outpatient setting requiring direct patient 
contact beyond the usual service (eg, prolonged care and treatment of an acute 
asthmatic patient in an outpatient setting); first hour (list separately in addition to 
code for office or other outpatient evaluation and management service).

85.84 99355 CPT Prolonged physician service in the office or other outpatient setting requiring direct 
(face-to-face) patient contact beyond the usual service (eg, prolonged care and 
treatment of an acute asthmatic patient in an outpatient setting); each additional 30 
minutes (list separately in addition to code for prolonged service).

83.67 99356 CPT Prolonged service in the inpatient or observation setting, requiring direct (face-to-
face) patient contact beyond the usual service (eg, maternal fetal monitoring for 
high-risk delivery or other physiological monitoring, prolonged care of an acutely ill 
inpatient); first hour (list separately in addition to code for inpatient evaluation and 
management service).

84.4 99357 CPT Prolonged physician service in the inpatient setting, requiring direct (face-to-
face) patient contact beyond the usual service (eg, maternal fetal monitoring for 
high-risk delivery or other physiological monitoring, prolonged care of an acutely 
ill inpatient); each additional 30 minutes (list separately in addition to code for 
prolonged service).

0.00 99360 CPT Physician standby service, requiring prolonged physician attendance, each 30 
minutes (eg, operative standby, standby for frozen section, for cesarean/high-risk 
delivery, for monitoring EEG).

. 99371 CPT Telephone call by a physician to patient or for consultation or medical management 
or for coordinating medical management with other healthcare professionals (eg, 
nurses, therapists, social workers, nutritionists, physicians, pharmacists).

. 99372 CPT Telephone call by a physician to patient or for consultation or medical management 
or for coordinating medical management with other healthcare professionals (eg, 
nurses, therapists, social workers, nutritionists, physicians, pharmacists).

0.00 99374 CPT Physician supervision of a patient under care of home health agency (patient not 
present) in home, domiciliary, or equivalent environment (eg, Alzheimer’s facility) 
requiring complex and multidisciplinary care modalities.

0.00 99441 CPT Telephone evaluation and management service provided by a physician to an 
established patient, parent, or guardian (5-10 minutes).

0.00 99442 CPT As above, 11-20 minutes

0.00 99443 CPT As above, 21-30 minutes

Imaging

Cost Code Code 
type

Procedure name

26.69 73090 CPT Radiologic examination; forearm, two views

27.77 73100 CPT Radiologic examination; forearm, three views

33.18 73110 CPT Radiologic examination, wrist; complete, minimum of three views

100.99 73115 CPT Radiologic examination, wrist, arthrography, radiological supervision 
and interpretation

26.33 73120 CPT Radiologic examination, hand; two views

30.3 73130 CPT Radiologic examination, hand; minimum of three views

28.13 73140 CPT Radiologic examination, finger(s), minimum of two views

269.78 73200 CPT CT, upper extremity; without contrast material
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323.88 73201 CPT CT, upper extremity; with contrast material(s)

414.41 73202 CPT CT, upper extremity; without contrast material, followed by contrast 
material(s) and further sections

562.28 73218 CPT MR (eg, proton) imaging, upper extremity, other than joint; without 
contrast material(s)

587.52 73222 CPT MR (eg, proton) imaging, any joint of upper extremity; with contrast 
material(s)

815.11 73223 CPT MR (eg, proton) imaging, any joint of upper extremity; without contrast 
material(s), followed by contrast material(s) and further sequences

95.22 76000 CPT Fluoroscope examination

14.43 76977 CPT US

71.77 77080 CPT DEXA

Injection

Cost Code Code 
type

Procedure name

38.23 20600 CPT Arthrocentesis, aspiration and/or injection; small joint or bursa (eg, 
fingers, toes)

39.67 20605 CPT Arthrocentesis, aspiration and/or injection; intermediate joint or bursa

38.23 81.92 ICD-9 Injection of therapeutic substance into joint or ligament

Occupational 
therapy

Cost Code Code 
type

Procedure name

. 97001 CPT Physical therapy evaluation

. 97003 CPT Occupational therapy evaluation

. 97004 CPT Occupational therapy reevaluation

. 97110 CPT Therapeutic procedure, one or more areas, each 15 minutes; therapeutic 
exercises to develop strength and endurance, ROM, and flexibility

. 97124 CPT Therapeutic procedure, one or more areas, each 15 minutes; massage, 
including effleurage, petrissage, and/or tapotement (stroking, 
compression, percussion)

. 97140 CPT Manual therapy techniques (eg, mobilization/manipulation, manual 
lymphatic drainage, manual traction), one or more regions, each 15 
minutes

. 97530 CPT Therapeutic activities, direct (one-on-one) patient contact by the provider 
(use of dynamic activities to improve functional performance), each 15 
minutes

. 97750 CPT Physical performance test or measurement (eg, musculoskeletal, 
functional capacity), with written report, each 15 minutes

. 97760 CPT Orthotic(s) management and training (including assessment and fitting 
when not otherwise reported), upper extremity(s), lower extremity(s) 
and/or trunk, each 15 minutes

. 97762 CPT Checkout for orthotic/prosthetic use, established patient, each 15 minutes

. 97799 CPT Unlisted physical medicine/rehabilitation service or procedure



134 Chapter 7

Surgery

Cost Code Code 
type

Procedure name

137.77 20670 CPT Removal of implant; superficial, (eg, buried wire, pin or rod) (separate 
procedure)

378.7 20680 CPT Removal of implant; deep (eg, buried wire, pin, screw, metal band, nail, 
rod, or plate)

251.74 20900 CPT Bone graft, any donor area; minor or small (eg, dowel or button)

467.06 20924 CPT Tendon graft, from a distance (eg, palmaris, toe extensor, plantaris)

402.86 20926 CPT Tissue grafts, other (eg, paratenon, fat, dermis)

0 20999 CPT Unlisted procedure, musculoskeletal system, general

369.68 25101 CPT Arthrotomy, wrist; with joint exploration, with or without biopsy, with or 
without removal of loose or foreign body

449.39 25105 CPT Arthrotomy, wrist; with synovectomy

556.87 25107 CPT Arthrotomy, distal radioulnar joint including repair of triangular 
cartilage, complex

734.32 25115 CPT Radical excision of bursa, synovia of wrist, or forearm tendon sheaths 
(eg, tenosynovitis, fungus, TBC, or other granulomas, rheumatoid 
arthritis); flexors

594.74 25116 CPT Radical excision of bursa, synovia of wrist, or forearm tendon sheaths 
(eg, tenosynovitis, fungus, TBC, or other granulomas, rheumatoid 
arthritis); extensors, with or without transposition of dorsal retinaculum

349.12 25118 CPT Synovectomy, extensor tendon sheath, wrist, single compartment

463.1 25119 CPT Synovectomy, extensor tendon sheath, wrist, single compartment; with 
resection of distal ulna

449.03 25210 CPT Carpectomy; one bone

579.23 25215 CPT Carpectomy; all bones of proximal row

478.24 25250 CPT Removal of wrist prosthesis

651.72 25251 CPT Removal of wrist prosthesis; complicated, including total wrist

738.28 25265 CPT Repair, tendon or muscle, flexor, forearm and/or wrist; secondary, with 
free graft (includes obtaining graft), each tendon or muscle

499.88 25270 CPT Repair, tendon or muscle, extensor, forearm and/or wrist; primary, single, 
each tendon or muscle

563 25272 CPT Repair, tendon or muscle, extensor, forearm and/or wrist; secondary, 
single, each tendon or muscle

667.59 25274 CPT Repair, tendon or muscle, extensor, forearm and/or wrist; secondary, with 
free graft (includes obtaining graft), each tendon or muscle

615.3 25275 CPT Repair, tendon sheath, extensor, forearm and/or wrist, with free graft 
(includes obtaining graft) (eg, for extensor carpi ulnaris subluxation)

482.21 25290 CPT Tenotomy, open, flexor or extensor tendon, forearm and/or wrist, single, 
each tendon

530.54 25295 CPT Tenolysis, flexor or extensor tendon, forearm and/or wrist, single, each 
tendon

626.12 25300 CPT Tenodesis at wrist; flexors of fingers

597.26 25301 CPT Tenodesis at wrist; extensors of fingers
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617.46 25310 CPT Tendon transplantation or transfer, flexor or extensor, forearm and/or 
wrist, single; each tendon

714.84 25312 CPT Tendon transplantation or transfer, flexor or extensor, forearm and/or 
wrist, single; with tendon graft(s) (includes obtaining graft), each tendon

879.66 25320 CPT Capsulorrhaphy or reconstruction, wrist, open (eg, capsulodesis, 
ligament repair, tendon transfer or graft) (includes synovectomy, 
capsulotomy and open reduction) for carpal instability

781.56 25332 CPT Arthroplasty, wrist, with or without interposition, with or without 
external or internal fixation

716.64 25394 CPT Osteoplasty, carpal bone, shortening

651.36 25430 CPT Insertion of vascular pedicle into carpal bone (eg, Hori procedure)

666.51 25445 CPT Arthroplasty with prosthetic replacement; trapezium

1,096.42 25446 CPT Arthroplasty with prosthetic replacement; distal radius and partial or 
entire carpus (total wrist)

750.55 25447 CPT Arthroplasty, interposition, intercarpal or carpometacarpal joints

961.17 25449 CPT Revision of arthroplasty, including removal of implant, wrist joint

687.07 25800 CPT Arthrodesis, wrist; complete, without bone graft (includes radiocarpal 
and/or intercarpal and/or carpometacarpal joints)

792.02 25805 CPT Arthrodesis, wrist; with sliding graft

797.79 25810 CPT Arthrodesis, wrist; with iliac or other autograft (includes obtaining graft)

561.2 25820 CPT Arthrodesis, wrist; limited, without bone graft (eg, intercarpal or 
radiocarpal)

690.31 25825 CPT Arthrodesis, wrist; with autograft (includes obtaining graft)

0 25999 CPT Unlisted procedure, forearm or wrist

267.97 26070 CPT Arthrotomy, with exploration, drainage, or removal of loose or foreign 
body; carpometacarpal joint

284.2 26075 CPT Arthrotomy, with exploration, drainage, or removal of loose or foreign 
body; metacarpophalangeal joint, each

343.35 26080 CPT Arthrotomy, with exploration, drainage, or removal of loose or foreign 
body; interphalangeal joint, each

295.39 26105 CPT Arthrotomy with biopsy; metacarpophalangeal joint, each

283.12 26110 CPT Arthrotomy with biopsy; interphalangeal joint, each

412.6 26130 CPT Synovectomy, carpometacarpal joint

501.33 26135 CPT Synovectomy, metacarpophalangeal joint including intrinsic release and 
extensor hood reconstruction, each digit

501.33 26140 CPT Synovectomy, proximal interphalangeal joint, including extensor 
reconstruction, each interphalangeal joint

463.1 26145 CPT Synovectomy, tendon sheath, radical (tenosynovectomy), flexor tendon, 
palm and/or finger, each tendon

276.27 26340 CPT Manipulation, finger joint, under anesthesia, each joint

781.2 26496 CPT Opponensplasty; other methods

486.18 26530 CPT Arthroplasty, metacarpophalangeal joint; each joint

565.52 26531 CPT Arthroplasty, metacarpophalangeal joint; with prosthetic implant, each 
joint
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363.55 26535 CPT Arthroplasty, interphalangeal joint; each joint

604.12 26536 CPT Arthroplasty, interphalangeal joint; with prosthetic implant, each joint

609.89 26565 CPT Osteotomy; metacarpal, each

616.38 26567 CPT Osteotomy; phalanx of finger, each

286.73 26641 CPT Closed treatment of carpometacarpal dislocation, thumb, with 
manipulation

448.31 26676 CPT Percutaneous skeletal fixation of carpometacarpal dislocation, other than 
thumb, with manipulation, each joint

509.62 26685 CPT Open treatment of carpometacarpal dislocation, other than thumb; with 
or without internal or external fixation, each joint

251.74 26700 CPT Closed treatment of metacarpophalangeal dislocation, single, with 
manipulation; without anesthesia

495.56 26715 CPT Open treatment of metacarpophalangeal dislocation, single, with or 
without internal or external fixation

209.55 26770 CPT Closed treatment of interphalangeal joint dislocation, single, with 
manipulation; without anesthesia

295.75 26775 CPT Closed treatment of interphalangeal joint dislocation, single, with 
manipulation; requiring anesthesia

393.85 26776 CPT Percutaneous skeletal fixation of interphalangeal joint dislocation, single, 
with manipulation

455.88 26785 CPT Open treatment of interphalangeal joint dislocation, with or without 
internal or external fixation, single

659.66 26841 CPT Arthrodesis, carpometacarpal joint, thumb, with or without internal 
fixation

717 26842 CPT Arthrodesis, carpometacarpal joint, thumb, with or without internal 
fixation; with autograft (includes obtaining graft)

662.9 26843 CPT Arthrodesis, carpometacarpal joint, digit, other than thumb, each

740.09 26844 CPT Arthrodesis, carpometacarpal joint, digit, other than thumb, each; with 
autograft (includes obtaining graft)

627.92 26850 CPT Arthrodesis, metacarpophalangeal joint, with or without internal fixation

719.89 26852 CPT Arthrodesis, metacarpophalangeal joint, with or without internal 
fixation; with autograft (includes obtaining graft)

502.41 26860 CPT Arthrodesis, interphalangeal joint, with or without internal fixation

100.99 26861 CPT Arthrodesis, interphalangeal joint, with or without internal fixation; each 
additional interphalangeal joint (list separately in addition to code for 
primary procedure)

654.61 26862 CPT Arthrodesis, interphalangeal joint, with or without internal fixation; with 
autograft (includes obtaining graft)

224.69 26863 CPT Arthrodesis, interphalangeal joint, with or without internal fixation; with 
autograft (includes obtaining graft), each additional joint (list separately 
in addition to code for primary procedure)

0 26989 CPT Unlisted procedure, hands or fingers

480.05 29846 CPT arthroscopy, wrist, surgical; excision and/or repair of TFCC and/or joint 
débridement

609.89 77.24 ICD-9 Wedge osteotomy of carpals and metacarpals
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616.38 77.29 ICD-9 Wedge osteotomy of other bone, except facial bones

449.03 77.64 ICD-9 Local excision of lesion or tissue of carpals and metacarpals

716.64 77.69 ICD-9 Local excision of lesion or tissue of other bone, except facial bones

251.74 77.73 ICD-9 Excision of radius and ulna for graft

251.74 77.79 ICD-9 Excision of other bone for graft, except facial bones

449.03 77.84 ICD-9 Other partial ostectomy of carpals and metacarpals

449.03 77.89 ICD-9 Other partial ostectomy of other bone, except facial bones

449.03 77.94 ICD-9 Total ostectomy of carpals and metacarpals

449.03 77.99 ICD-9 Total ostectomy of other bone, except facial bones

251.74 78.04 ICD-9 Bone graft of carpals and metacarpals

251.74 78.09 ICD-9 Bone graft of other bone, except facial bones

137.77 78.64 ICD-9 Removal of implanted device from carpals and metacarpals

137.77 78.69 ICD-9 Removal of implanted device from other

449.39 80.14 ICD-9 Other arthrotomy of hand and finger

449.39 80.24 ICD-9 Arthroscopy of hand and finger

295.39 80.43 ICD-9 Division of joint capsule, ligament, or cartilage of wrist

295.39 80.44 ICD-9 Division of joint capsule, ligament, or cartilage of hand and finger

349.12 80.73 ICD-9 Synovectomy of wrist

501.33 80.74 ICD-9 Synovectomy of hand and finger

369.68 80.83 ICD-9 Other local excision or destruction of lesion of wrist joint

267.97 80.84 ICD-9 Other local excision or destruction of lesion of joint of hand and finger

284.2 80.94 ICD-9 Other excision of joint of hand and finger

662.9 81.26 ICD-9 Metacarpocarpal fusion

627.92 81.27 ICD-9 Metacarpophalangeal fusion

502.41 81.28 ICD-9 Interphalangeal fusion

659.66 81.29 ICD-9 Arthrodesis of other specified joints

565.52 81.71 ICD-9 Arthroplasty of metacarpophalangeal and interphalangeal joint with 
implant

486.18 81.72 ICD-9 Arthroplasty of metacarpophalangeal and interphalangeal joint without 
implant

666.51 81.74 ICD-9 Arthroplasty of carpocarpal or carpometacarpal joint with implant

750.55 81.75 ICD-9 Arthroplasty of carpocarpal or carpometacarpal joint without implant

659.66 81.79 ICD-9 Other repair of hand, fingers, and wrist

659.66 81.96 ICD-9 Other repair of joint

961.17 81.97 ICD-9 Revision of joint replacement of upper extremity

482.21 82.11 ICD-9 Tenotomy of the hand

738.28 82.56 ICD-9 Other hand tendon transfer or transplantation

617.46 82.57 ICD-9 Other hand tendon transposition

565.52 84.56 ICD-9 Insertion of (cement) spacer

402.86 86.61 ICD-9 Full-thickness skin graft to hand

CPT = Current Procedural Terminology; EEG = electroencephalogram; US = ultrasound; DEXA = dual-energy 
xray absorptiometry; TBC = total body calcium; TFCC = triangular fibrocartilage complex.
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APPENDIx 3. Accuracy of a Research Database of 120 Randomly Selected Patients (20 per Provider)

Surgeon
number

Number of 
patients in 

study

Correct
provider

Hand OA Accuracy 
of second 
provider

Accuracy 
of visits

Accuracy 
of 

imaging

Accuracy 
of OT

Accuracy 
of 

injection

Accuracy 
of surgery

1 613 85% 90% 100% 98% 100% 90% 100% 100%

2 348 100% 95% 100% 92% 100% 95% 100% 100%

3 297 100% 95% 100% 98% 100% 65% 86% 86%

4 446 95% 95% 100% 100% 100% 90% 100% 100%

5 709 100% 95% 100% 100% 97% 85% 100% 100%

6 401 100% 95% 100% 97% 94% 85% 100% 100%

Overall 2814 97% 94% 100% 98% 99% 85% 92% 94%

OA = osteoarthritis; OT = occupational therapy.
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Abstract

Purpose
To determine whether simplification of the Eaton-Glickel (E-G) classification of trape-
ziometacarpal (TMC) arthrosis (eliminating evaluation of the scaphotrapezial [ST] joint) 
and information about the patient’s symptoms and examination influence interobserver 
reliability. We also tested the null hypotheses that no patient and/or surgeon factors affect 
radiographic rating of TMC arthrosis; and no surgeon factors affect radiographic rating 
of ST arthrosis.

Methods
In an online survey, 92 hand surgeons rated TMC arthrosis and ST arthrosis separately on 
30 radiographs (Robert, true lateral, and oblique view) according to the (modified) E-G 
classification. Forty-two observers were randomly assigned to review radiographs alone 
and 50 were also informed of the patient’s symptoms and examination. The information 
about symptoms and examination was randomized. Interobserver reliability was deter-
mined with the s* statistic. Given the hierarchical data structure, cross-classified ordinal 
multilevel regression analyses were performed to identify factors associated with severity 
of arthrosis.

Results
Shortening the E-G classification to the first three stages significantly improved the 
interobserver reliability, which approached substantial agreement. Providing clinical 
information to observers marginally improved the interobserver reliability. Factors as-
sociated with a lower E-G stage for TMC arthrosis included: female surgeon, practice 
setting, supervising surgical trainees in the operating room, number of patients with 
TMC arthrosis typically treated annually, male patient, higher patient age, pain limiting 
daily activities, and shoulder sign. Annually treating more patients with TMC arthrosis 
was the only variable that was associated with a higher modified E-G classification to rate 
ST arthrosis.

Conclusions
Our findings suggest that simpler classifications that focus on a single anatomical area are 
more reliable. In addition, there is growing evidence that surgeon and patient factors can 
bias interpretation of objective pathophysiology such as radiographic findings.

Type of study/level of evidence
Diagnostic III.
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Introduction

The diagnosis of trapeziometacarpal (TMC) arthrosis is largely based on symptoms 
and examination. Radiographs are typically used for informing the patient or planning 
surgery.

The radiographic Eaton-Glickel (E-G) classification1 is often used to stage TMC arthro-
sis but has slight to moderate interobserver reliability2-5 (Appendix 1). Kubik and Lubahn5 
found moderate interobserver reliability of the E-G classification based on posteroante-
rior (PA) and lateral radiographs among 6 observers (3 hand surgeons and 3 orthopaedic 
surgery residents). In another study with 6 hand surgeons as observers, interobserver 
reliability of the E-G classification was moderate when combining 3 radiographic views 
(PA, lateral, and Bett) compared to only fair for the combination of PA and lateral views 
but moderate for just the Bett view3. Hansen et al.4 found poor interobserver reliability 
of the E-G classification system for anteroposterior (AP) and lateral radiographs and 
computed tomography scans amongst 5 observers (2 hand surgeons, 1 radiologist, and 
2 residents). Choa and Giele2 asked 3 hand surgeons, 1 hand surgery fellow and 2 hand 
surgery residents to rate PA and lateral radiographs according to the E-G classification 
and found moderate interobserver agreement. However, another recent study showed 
substantial interobserver agreement between 4 observers (2 hand surgeons, 1 chief 
resident and 1 medical student) for the combined Eaton classification (combination of 
the Eaton-Littler and E-G classifications) based on a PA, lateral, Robert and stress view6. 
Eaton and Glickel modified the earlier Eaton-Littler classification system7 adding sca-
photrapezial (ST) arthrosis to stage 4. In addition, Eaton and Glickel no longer included 
subluxation of the thumb metacarpal in stage 2, and subluxation was kept for stage 3 and 
4 as ‘varying degrees of subluxation’ instead of requiring a certain degree of subluxation.

It is important for any classification system to be reliable. This study measured the 
interobserver agreement of the E-G classification amongst a large group of hand surgeons 
to address the following null hypotheses: There is no difference in agreement between 
surgeons asked to rate radiographic TMC arthrosis according to E-G stages 1 through 3 
compared to surgeons asked to rate TMC arthrosis according to all four stages (1 through 
4); there is no difference in agreement in the classification of TMC arthrosis between 
surgeons that are and are not provided with clinical information (symptoms and exami-
nation); no patient and/or surgeon factors affect the rating of TMC arthrosis according to 
the E-G classification; and no surgeon factors affect the rating of ST arthrosis according 
to a modification of the E-G classification applied to this joint.
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Methods

The 283 hand surgeons of the Science of Variation Group (SOVG)8, a web-based collab-
orative, were invited to evaluate and rate radiographs according to the E-G classification 
system in an online survey from November 2014 to January 2015. After three weeks, a 
reminder email was distributed to hand surgeons that had not completed the survey at 
that time. Observers did not receive any incentives for their participation other than an 
acknowledgement as part of the SOVG. There was no time limit to complete the survey 
but the data was collected after eight weeks. The institutional review board (IRB) of the 
senior author’s institution approved the study.

Thirty radiographs that included an adequate Robert view (true AP view of the TMC 
joint in pronation), a true lateral and an oblique view of adult, non-pregnant (IRB man-
dated) patients diagnosed with TMC arthrosis based on symptoms, physical examination 
and radiographs between February 2005 and June 2013, were selected to represent the 
spectrum of severity of radiographic TMC arthrosis. Only one side was selected per pa-
tient. Radiographs of patients who had prior surgery for TMC arthrosis on the side of the 
radiograph were not selected. The sets of radiographs were shown in the same random 
order for every observer.

First, observers were asked to rate TMC arthrosis and ST arthrosis separately. 
Trapeziometacarpal arthrosis was rated according to the first three stages of the E-G 
classification(Appendix 1). The ST joint was rated according to grades modified from 
the first three stages of the E-G classification (Appendix 1). Secondly, they were asked to 
rate the severity of TMC arthrosis according to all four stages of the E-G classification 
(Appendix 1). A description of the E-G stages was given as part of the possible responses 
to all single-answer questions (Appendix 1). In addition, observers were randomly as-
signed on a 1:1 basis to again rate severity of TMC arthrosis according to all four stages 
of the E-G classification based on the same radiographs with additional clinical informa-
tion or not. Clinical information consisted of general information (sex, age, dominant 
or nondominant thumb), symptoms (how much the pain limited daily activities [not, 
slightly, moderately, severely, or impossible to perform activities]), previous diagnosis 
(no previous diagnosis, 3 months ago, or 1 year ago), previous treatment (none, splint, 
or splint and cortisone injection) and physical examination (fullness at the base of the 
thumb [‘shoulder sign’; yes or no], pain [none, mild, moderate, severe, or extreme] with 
the grind test, crepitation [none, mild, moderate, substantial, or severe] with the grind 
test, adduction contracture and MCP hyperextension [yes or no], and pinch and grip 
strength [poor or good]). The clinical information of all 30 patients was fictional, except 
for sex and age, which matched the radiographs. All fictive patient characteristics were 
randomly assigned with a balanced distribution over the possible categories for each 
patient presentation every time an observer rated a patient. This created a large random 
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set of patient presentations. Observers were unaware that the clinical information for 
patient presentations was both fictive and randomized.

Statistical analysis
We calculated the a-priori required number of raters by assuming that the agreement 
(kappa) between two ratings of the E-G classification performed by a single rater close 
together in time would follow a normal distribution with standard deviation 0.15. Hence, 
37 observers in each group would be sufficient to detect a difference in kappa of 0.10 
between the groups with 80% power (β = 0.2) at a significance level of 0.05.

The weighted s statistic (s*) was used to determine the interobserver agreement of the 
radiographic E-G classification (with or without additional clinical information) and 
the first three stages of the E-G classification (to separately rate TMC and ST arthro-
sis)9. The s* statistic is a chance-corrected measure of agreement and is not affected by 
paradoxes like the kappa statistic since it is a modified Fleiss kappa with respect to the 
notion of expected agreement9. The s* statistic can be used to assess agreement on an 
ordinal scale between ratings of multiple observers since it is weighted. Linear weights 
instead of quadratic weights were used since this makes the statistic less sensitive to 
the number of categories9, and the Monte Carlo test (10,000 repetitions) was applied. 
The 95% confidence intervals (CIs) were calculated using the percentile bootstrap. The 
s* statistic calculations were performed in R with the package ‘raters’10. The s* values 
were interpreted using the cutoffs proposed by Landis and Koch11 for the kappa statis-
tic: values of 0.01 to 0.20 indicate slight agreement, 0.21 to 0.40 fair agreement, 0.41 to 
0.60 moderate agreement, 0.61 to 0.80 substantial agreement, and > 0.80 almost perfect 
agreement. A value of 0 indicates no agreement beyond that expected owing to chance 
alone; −1.0 indicates total disagreement; and 1.0 indicates perfect agreement. Agreement 
between the E-G classification and only the first three stages of the E-G classification, and 
between the E-G classification among the group provided with just radiographs and the 
group provided with both radiographs and clinical information were compared using 
the bootstrap method (10,000 repetitions) taking into account that the data was paired 
within radiographs.

Given the hierarchical data structure, a cross-classified ordinal logistic multilevel 
regression analysis was used to identify factors that determine the radiographic sever-
ity of TMC arthrosis according to the E-G classification based on radiographs alone 
among all participating observers. Data was clustered both within patient presentations 
and observers since all observers rated all patients. First of all, each individual predictor 
variable (i.e., each surgeon characteristic) was separately entered as a fixed effect into a 
regression model, which further only included random intercepts for patient presenta-
tion and observer, to examine the bivariable relationship. Variables with p < 0.15 in this 
bivariable analysis, were included as candidate fixed effects in the final multivariable 
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regression analysis, again including the random intercepts for patient presentation and 
observer. Variable selection by the backward stepwise approach (selection criterion: 
overall p < 0.05) was used to determine the best fitting regression model.

A similar multilevel regression procedure was conducted to identify factors that de-
termine the radiographic severity of TMC arthrosis according to the E-G classification 
among hand surgeons who rated the severity based on radiographs and clinical informa-
tion. Individual predictor variables included all patient and all surgeon characteristics. 
Elements of the clinical information that were reported on 5-point Likert scales (e.g., pain 
with grind test) were considered categorical (ordinal) variables for analyses.

The same multilevel regression procedure was conducted to identify factors that 
determine the radiographic severity of ST arthrosis according to the modified E-G clas-
sification among all participating observers. Individual predictor variables included all 
surgeon characteristics.

Characteristics of observers
A total of 92 of the 283 invited hand surgeons (33%) completed the study. Since this is not 
an updated or filtered email list, this should not be considered a true response rate. Of the 
hand surgeons who completed the study, 42 raters were assigned to review radiographs 
alone and 50 to review radiographs and clinical information (Table 1).

TABLE 1. Surgeon Characteristics (n = 92)

Parameter Total
(n = 92)

Clinical information 
only

(n = 42)

Clinical information 
and radiographs

(n = 50)

Number % Number % Number %

Sex

Male 79 85.9 37 88.1 42 84.0

Female 13 14.1 5 11.9 8 16.0

Location of practice

North America 73 79.3 33 78.6 40 80.0

Europe and United Kingdom 9 9.8 3 7.1 6 12.0

Central and South America 7 7.6 3 7.1 4 8.0

Other 3 3.3 3 7.1 0 0.0

Training

Orthopaedic Surgery 80 87.0 35 83.3 45 90.0

Plastic Surgery 10 10.9 5 11.9 5 10.0

General Surgery 2 2.2 2 4.8 0 0.0

Specialization

Hand Surgery 90 97.8 40 95.2 50 100.0

General Orthopaedic Surgery 2 2.2 2 4.8 0 0.0



Reliability of Eaton-Glickel Classification 147

8

TABLE 1. (continued)

Parameter Total
(n = 92)

Clinical information 
only

(n = 42)

Clinical information 
and radiographs

(n = 50)

Number % Number % Number %

Years in independent practice

1–5 19 20.7 4 9.5 15 30.0

6–10 21 22.8 12 28.6 9 18.0

11–20 34 37.0 17 40.5 17 34.0

>20 18 19.6 9 21.4 9 18.0

Practice setting

Hospital-employed, academic 53 57.6 22 52.4 31 62.0

Hospital-employed, non-
academic

10 10.9 5 11.9 5 10.0

Private practice 29 31.5 15 35.7 14 28.0

Supervising surgical trainees in operating room

No 16 17.4 8 19.0 8 16.0

Yes 76 82.6 34 81.0 42 84.0

Number of patients typically treated annually with TMC arthrosis

1–20 8 8.7 4 9.5 4 8.0

21–50 24 26.1 9 21.4 15 30.0

>50 60 65.2 29 69.0 31 62.0

Hazardous attitudes (n = 62)

Macho

No 45 72.6 25 75.8 20 69.0

Yes 17 27.4 8 24.2 9 31.0

Self-confidence

No 57 91.9 28 84.8 29 100.0

Yes 5 8.1 5 15.2 0 0.0

Worry/anxiety

No 58 93.5 30 90.9 28 96.6

Yes 4 6.5 3 9.1 1 3.4

Antiauthority

No 59 95.2 31 93.9 28 96.6

Yes 3 4.8 2 6.1 1 3.4

Impulsive

No 62 100.0 33 100.0 29 100.0

Yes 0 0.0 0 0.0 0 0.0

Resignation/external locus of 
control

No 62 100.0 33 100.0 29 100.0

Yes 0 0.0 0 0.0 0 0.0
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Results

There was a statistically significant improvement in interrater reliability from s* = 0.49 
(95% CI = 0.42–0.55) for the full E-G classification to s* = 0.60 (95% CI = 0.53–0.66) when 
limiting the rating to the first three stages of the E-G classification (categorical rating of 
moderate for both; 95% CI = 0.043–0.17, p = 0.0012).

There was also a small but statistically significant improvement in reliability of the full 
E-G classification from s* = 0.48 (95% CI = 0.41–0.54) for observers provided with radio-
graphs alone to s* = 0.52 (95% CI = 0.46–0.58) for observers provided with radiographs as 
well as clinical information (95% CI = 0.0034–0.080, p = 0.016).

Two variables met the criterion of p < 0.15 in bivariable analysis and were entered into 
the first backwards stepwise ordinal multivariable regression analysis to assess factors 
independently associated with the E-G classification among all observers (Table 2). The 
best fitting multilevel regression model with predictors of a lower E-G stage included: 
supervising surgical trainees in the operating room, and number of patients with TMC 
arthrosis typically treated annually (1–20 or > 50 patients vs 21–50 patients) (Table 3).

Six variables met the criterion of p < 0.15 in bivariable analysis and were entered into 
the second backwards stepwise ordinal multivariable regression analysis to assess factors 
independently associated with the E-G classification among observers who rated the 
severity of TMC arthrosis based on radiographs and clinical information (Table 4). The 
best fitting multilevel regression model with predictors of a lower E-G stage included: 
male patient, higher patient age, pain limiting daily activities, shoulder sign, female 
surgeon, and practice setting (non-academic hospital setting vs academic hospital setting 
or private practice) (Table 5).

Interobserver reliability for radiographic severity of ST arthrosis according to the 
modified E-G classification was moderate (s* = 0.48, 95% CI = 0.41–0.55). Annually 

TABLE 2. Bivariable Regression Analyses for Severity of TMC Arthrosis According to the E-G Classification 
(92 Observers)

Surgeon parameter F df p value

Sex 0.25 1 0.62

Location of practice 0.32 3 0.81

Training 1.4 2 0.25

Specialization 1.0 1 0.31

Years in independent practice 0.93 3 0.43

Practice setting 0.51 2 0.60

Supervising surgical trainees in operating room 3.4 1 0.066

Number of patients typically treated annually with TMC arthrosis 2.9 2 0.053

DF = degrees of freedom.
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TABLE 3. Best Fitting Multilevel Regression Model for Factors of Lower E-G Stage to Rate TMC Arthrosis (92 
Observers)

Surgeon parameter F p value Odds ratio 95% confidence interval

Lower Upper

Supervising surgical trainees in 
operating room

4.0 0.046

No Reference 
category

Reference 
category

Reference 
category

Reference 
category

Yes 0.046 1.9 1.0 3.7

Number of patients typically treated 
annually with TMC arthrosis

3.3 0.039

1–20 0.028 2.9 1.1 7.7

21–50 Reference 
category

Reference 
category

Reference 
category

Reference 
category

>50 0.036 1.8 1.0 3.3

Numbers in bold indicate significance at p < 0.05.

TABLE 4. Bivariable Regression Analyses for Severity of TMC Arthrosis According to the E-G Classification 
(With Clinical Information; 50 Observers)

Patient parameter F df p value

Sex 5.1 1 0.024

Age 5.8 1 0.017

Dominant thumb 0.053 1 0.82

Daily activities 2.5 4 0.040

Diagnosis of TMC arthrosis 1.5 2 0.23

Previous treatment for TMC arthrosis 0.81 2 0.45

Shoulder sign 6.6 1 0.010

Pain with the grind test 0.40 4 0.81

Crepitation with the grind test 0.33 4 0.86

Adduction contracture and MCP hyperextension 0.10 1 0.75

Pinch and grip strength 1.1 1 0.29

Surgeon parameter

Sex 3.8 1 0.052

Location of practice 0.25 2 0.78

Training 0.13 1 0.72

Years in independent practice 1.2 3 0.30

Practice setting 3.3 2 0.036

Supervising surgical trainees in operating room 0.18 1 0.67

Number of patients typically treated annually with TMC arthrosis 0.58 2 0.56

DF = degrees of freedom.
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treating more patients with TMC arthrosis (21–50 patients or > 50 patients vs 1–20 pa-
tients) was the only variable that met the criterion of p < 0.15 in bivariable analysis to be 
entered into the backwards stepwise ordinal multivariable regression analysis to assess 

TABLE 5. Best Fitting Multilevel Regression Model for Factors of Lower E-G Stage to Rate TMC Arthrosis 
(With Clinical Information; 50 Observers)

Patient parameter F p value Odds ratio 95% confidence interval

Lower Upper

Male sex 4.4 0.036 2.9 1.1 8.1

Case age 5.088 0.024 1.1 1.0 1.3

Daily activities 2.6 0.034

The pain does not limit daily activities Reference 
category

Reference 
category

Reference 
category

Reference 
category

The pain slightly limits daily activities 0.044 1.4 1.0 2.0

The pain moderately limits daily 
activities

0.0051 1.6 1.2 2.3

The pain severely limits daily 
activities

0.0090 1.6 1.1 2.3

The pain makes it impossible to 
perform activities of daily living

0.016 1.5 1.1 2.2

Shoulder sign 6.9 0.0089 1.3 1.1 1.7

Surgeon parameter

Female sex 6.1 0.014 3.3 1.3 8.4

Practice setting 4.6 0.010

Hospital-employed, academic Reference 
category

Reference 
category

Reference 
category

Reference 
category

Hospital-employed, non-academic 0.0025 6.1 1.9 20

Private practice 0.71 1.2 0.53 2.5

Numbers in bold indicate significance at p < 0.05.

TABLE 6. Bivariable Regression Analyses for Severity of ST Arthrosis According to the Modified E-G Clas-
sification (92 Observers)

Surgeon parameter F df p value

Sex 0.18 1 0.68

Location of practice 0.25 3 0.87

Training 0.65 2 0.52

Specialization 0.85 1 0.36

Years in independent practice 1.3 3 0.29

Practice setting 1.1 2 0.34

Supervising surgical trainees in operating room 0.028 1 0.87

Number of patients typically treated annually with TMC arthrosis 6.4 2 0.0018

DF = degrees of freedom.
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factors independently associated with a higher modified E-G classification to rate ST 
arthrosis among all observers (Table 6). Therefore no multivariable regression model was 
conducted.

Discussion

The interobserver agreement of the E-G classification system was measured in 4 previous 
studies with only 5 to 6 observers using different kinds and varying numbers of radio-
graphs2-5. Reliability in such small studies is highly variable2-6,12. Using a large web-based 
group of experienced, practicing observers we investigated the influence of simplifying 
the classification (eliminating evaluation of the ST joint), and the influence of various 
symptoms and examination findings on diagnosis of severity. We found that shortening 
the E-G classification by focusing on just the TMC joint significantly improved the reli-
ability, which approached substantial agreement (s* = 0.60). In addition, providing clini-
cal information to observers marginally improved the interobserver reliability. Finally, 
we were able to identify specific surgeon and patient factors associated with a rating of 
arthrosis.

The main difference between our study and previous interobserver studies on the E-G 
classification system is the large number of observers and the use of only fully trained 
surgeons as observers. This study has several limitations. First, only members of the 
SOVG were evaluated and a substantial portion rarely or never participates, but have not 
been removed from the email list which is not actively updated and some of the emails 
may be incorrect. Second, a small number of the participating observers (n = 8, 8.7%) 
uncommonly treats TMC arthrosis, but we did not plan to exclude on this basis when 
setting up the protocol to avoid introducing bias. Third, it is likely that most or all of the 
participating hand surgeons had preconceptions about the E-G classification and might 
have disregarded the explanation of the different stages when rating each patient pre-
sentation because of their own interpretation of the classification system13. Fourth, due 
to the randomization of fictive case characteristics (except for sex, age and radiographs) 
for every case there might have been an “unrealistic” combination of clinical information 
for some cases. For example, some observers were confused by a patient having extreme 
pain on the grind test while the pain did not limit daily activities or vice versa; and a few 
observers commented on a discrepancy between clinical information and radiographs 
regarding MCP hyperextension. In addition, only a small amount of clinical information 
was presented. Information such as vocation and avocation might also have influenced the 
decision-making process. Lastly, even though stage 1 of our modified E-G classification 
for ST arthrosis reflected normal ST joint contours and a possibility of slight widening of 
the joint space, we did not provide observers with the option to score ‘no ST arthrosis’.
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We found that limiting the E-G classification to the TMC joint improved reliability. 
This is consistent with studies of distal radius and scapular fracture classifications where 
simpler classifications have greater reliability14-18. A limitation of the E-G classification is 
that ST arthrosis can only be present in stage 4 even though severe ST arthrosis can be 
seen with relatively minimal TMC arthrosis19,20.

Our finding that interobserver reliability of the E-G classification improved somewhat 
with clinical information rather than with radiographs alone is comparable to moder-
ate interobserver agreement for the Eaton-Littler classification based on radiographs 
and a brief clinical description found by Spaans et al.12. We do not, however, know if 
information about symptoms and examination improves the accuracy. Therefore we do 
not know if the improvement in reliability is desirable; we may agree with each other 
and still be wrong. Symptom intensity and magnitude of disability vary substantially 
between people with comparable pathophysiology of TMC arthrosis21. Pain limiting daily 
activities is often reported by patients with a lower E-G stage and some patients with 
advanced arthrosis are not even aware of it1,19,22-24. In other words, our a priori expectation 
is that clinical information should decrease, not increase reliability because it would bias 
surgeon interpretations, but we found the opposite. On the other hand the difference is 
marginal and the finding might be spurious.

The finding that surgeons involved in education by supervising surgical trainees and 
surgeons in a non-academic hospital setting (compared to academic hospital setting 
or private practice) were more likely to rate TMC arthrosis as less severe is difficult to 
interpret. It is possible that a financial incentive to grade arthrosis more severe is more 
prevalent in private practice. The association between the E-G staging and the number of 
patients with TMC arthrosis that surgeons treat annually seems spurious since surgeons 
who treat 1–20 or > 50 patients a year were more likely to choose a lower E-G stage than 
surgeons who typically treat 21–50 patients a year. These factors may partially reflect 
other potential sources of interobserver variation such as culture, training, and exposure. 
It seems odd that shoulder sign is associated with a lower E-G stage. Some studies have 
suggested that subluxation is possibly a normal phenomenon25-27; however, it is question-
able that this would explain the association between a shoulder sign and lower E-G stage. 
It does seem likely that surgeons rely more on their own experience or intuition than on 
the precise definition of the classification, another source of interobserver variation, since 
dorsal subluxation is a criterion for stage 3 and 4 (higher stages) of the E-G classification. 
Male sex and higher patient age were also associated with a lower E-G stage. This might 
reflect surgeon bias as many surgeons still believe that postmenopausal women are more 
affected by TMC arthrosis even though there is compelling evidence that we all get it if 
we live long enough28,29.

Interobserver reliability for the scaphotrapeziotrapezoid (STT) joint osteoarthritis 
grading system, modified from the Sodha grading system29, varied between a kappa of 
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0.65 and 0.8020. This is higher than the moderate interobserver reliability of our modified 
E-G classification to rate ST arthrosis. The simplicity of the Sodha system might lead to 
greater reliability.

Our findings support the conclusion that simpler classifications focusing on a single 
anatomical area are more reliable. They also build on growing evidence that surgeon and 
patient factors can bias interpretation of objective pathophysiology such as radiographic 
findings. Reliable measures of objective pathophysiology are important for scientific 
research. Future research will focus on the development of simpler classifications that are 
less susceptible to bias.
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APPENDIx 1. (Modified) Eaton-Glickel Classification Schemes Used by Observers

Please choose the severity of trapeziometacarpal arthrosis that best corresponds with this case:

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 trapeziometacarpal joint.

Stage 2 The trapeziometacarpal joint is slightly narrowed with minimal sclerotic changes of the 
subchrondral bone. There may be joint debris not exceeding 2 mm in diameter in the form 
of osteophytes or loose bodies.

Stage 3 The trapeziometacarpal 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.

Please choose the Eaton-Glickel stage1 that best corresponds with this case:

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 trapeziometacarpal joint.

Stage 2 The trapeziometacarpal joint is slightly narrowed with minimal sclerotic changes of the 
subchrondral bone. There may be joint debris not exceeding 2 mm in diameter in the form 
of osteophytes or loose bodies.

Stage 3 The trapeziometacarpal 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 scaphotrapezial joint is normal.

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

Please choose the severity of scaphotrapezial arthrosis that best corresponds with this case:

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 scaphotrapezial joint.

Stage 2 The scaphotrapezial joint is slightly narrowed with minimal sclerotic changes of the 
subchrondral bone. There may be joint debris not exceeding 2 mm in diameter in the form 
of osteophytes or loose bodies.

Stage 3 The scaphotrapezial 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.
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Abstract

Purpose
Treatment recommendations for trapeziometacarpal (TMC) arthrosis are highly vari-
able from surgeon to surgeon. This study aims to determine what patient, surgeon and/
or radiographic factors are associated with a recommendation for operative treatment 
rather than nonoperative treatment for TMC arthrosis.

Methods
In an online survey, 92 hand surgeons from a variety of countries chose their preferred 
method of treatment for 30 patient presentations with TMC arthrosis. Forty-two observ-
ers were randomly assigned to review clinical information alone and 50 to review clinical 
information as well as radiographs. A larger random set of patient presentations was 
created through random assignment of fictive patient characteristics (except for sex, age 
and radiographs) for each patient presentation every time an observer rated a patient. 
Because of the hierarchical data structure, a cross-classified binary logistic multilevel 
regression analysis was performed to identify factors that determine when hand surgeons 
recommend surgery.

Results
On average, surgeons preferred operative treatment for 38% of patients, but the rate of 
recommendation for surgery was extremely variable between surgeons, from every pa-
tient (100%) to none of the patients (0%). Factors independently associated with a higher 
likelihood of a recommendation for surgery included: pain affecting daily activities, pre-
vious diagnosis of TMC arthrosis, previous treatment of TMC arthrosis, greater pain with 
the grind test, adduction contracture and metacarpophalangeal hyperextension, viewing 
radiographs of the thumb, location of surgeon’s practice, and surgeon training.

Conclusions
Surgeon-to-surgeon variation in recommendations for surgery relate most strongly to 
each surgeon’s circumstances and training as well as the influence of greater symptoms 
and disability, and greater objective pathophysiology.

Clinical relevance
Given the notable influence of surgeon biases, methods for increasing patient participa-
tion in the decision-making process merit additional attention and study.
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Introduction

Treatment recommendations for trapeziometacarpal (TMC) arthrosis are highly variable 
from surgeon to surgeon. Spaans et al.1 found fair interobserver agreement among 8 sur-
geons on preferred treatment for 40 patients with TMC arthrosis based on radiographs, 
symptoms, and the Disabilities of the Arm, Shoulder, and Hand score. The greatest vari-
ability was amongst Eaton-Littler stages 2 and 3. Another retrospective study found a 
wide variety of practice variation for hand osteoarthritis amongst six hand surgeons2. A 
survey of active members of the American Society for Surgery of the Hand found that 
62% preferred trapeziectomy with ligament reconstruction and tendon interposition 
(LRTI) for Eaton stage 33, despite the evidence that trapeziectomy alone is just as effective 
with fewer complications4,5. Additional research is merited to determine the factors that 
account for surgeon-to-surgeon variations in treatment recommendations in order to aid 
efforts to reduce the influence of surgeon preferences and values in favor of the prefer-
ences and values of the patient.

This study randomized a large number of surgeons to give treatment recommenda-
tions based on randomly varied circumstances of patients with TMC arthrosis in order 
to address the primary null hypothesis that there are no factors associated with a recom-
mendation for operative treatment for TMC arthrosis among patient factors, surgeon 
factors, and radiographic factors.

Materials and Methods

Two-hundred and eighty-three hand surgeons of the Science of Variation Group (SOVG)6, 
a web-based collaborative, were invited between November 2014 and January 2015 to 
participate in an online survey about their preferred treatment method for presentations 
of patients with TMC arthrosis based on clinical information alone or on clinical informa-
tion in combination with radiographs. Hand surgeons that did not complete the survey 
within three weeks received a reminder email. Observers did not receive any incentives 
other than acknowledgement that they were part of the SOVG. There was no time limit 
to complete the survey, but we collected the online data after 8 weeks. This study was 
approved by the institutional review board (IRB) of the senior author’s institution.

Thirty consecutive patients diagnosed with TMC arthrosis were identified from a da-
tabase. Inclusion criteria were (1) adult patients (≥ 18 years) and (2) adequate quality set 
of radiographs (Robert [true anteroposterior] view, true lateral view, and oblique view). 
Exclusion criteria were (1) pregnancy (IRB mandated) and (2) prior surgery for TMC 
arthrosis on the selected side. The diagnosis of TMC arthrosis was based on symptoms, 
physical examination and radiographic findings. Observers were randomly assigned on 
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a 1:1 basis to choose their preferred method of treatment for the 30 patient presenta-
tions based on clinical information alone or on clinical information in combination with 
radiographs. Patients were presented in a random order.

Clinical information consisted of demographic information (sex, age, dominant 
or nondominant thumb), symptoms (how much the pain limited daily activities [not, 
slightly, moderately, severely, or impossible to perform activities]), previous diagnosis 
(no previous diagnosis, 3 months ago, or 1 year ago), previous treatment (none, splint, 
or splint and cortisone injection) and physical examination (fullness at the base of the 
thumb [‘shoulder sign’; yes or no], pain [none, mild, moderate, severe, or extreme] with 
the grind test, crepitation [none, mild, moderate, substantial, or severe] with the grind 
test, adduction contracture and metacarpophalangeal hyperextension [yes or no], and 
pinch and grip strength [poor or good]). The above-mentioned clinical information of 
all 30 patients was fictional, except for sex, age and radiographs which were extracted 
from 30 ‘real’ patients. All fictive patient characteristics were randomly assigned with 
a balanced distribution over the possible categories for each patient presentation every 
time an observer rated a patient. This created a large random set of patients. Observers 
were unaware that the clinical information for patient presentations was both fictive and 
randomized.

Sixty-two of the participating observers had also participated in a previous study 
in which surgeons were categorized based on possessing six different types of hazard-
ous attitudes: macho, impulsive, antiauthority, resignation/external locus of control, 
self-confidence, and worry/anxiety attitude7. Hazardous attitudes are common among 
orthopaedic surgeons and are, to some degree, associated to demographics and practice 
setting7, and seem to be related to higher complication rates8.

Statistical analysis
We evaluated 15 parameters for the observer characteristics and 23 parameters for the 
patient characteristics in 2760 measurements (92 unique observers * 30 patients). Given 
the rule of thumb of a minimum of 10 independent measurements per parameter, we had 
sufficient power for our goal.

Due to the hierarchical data structure, a cross-classified binary logistic multilevel regres-
sion analysis was used to identify factors that determine when hand surgeons (observers) 
recommend surgery. Data was clustered both within patient presentations and observ-
ers since all observers rated all patients. Elements of the clinical information that were 
reported on 5-point Likert scales (e.g., pain with grind test) were considered categorical 
variables for analyses. First of all, each individual predictor variable (i.e., each patient or 
surgeon characteristic) was separately entered as a fixed effect into a regression model, 
which further only included random intercepts for patient presentation and observer, 
to examine the bivariable relationship. Variables with p < 0.15 in this bivariable analysis, 
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were included as candidate fixed effects in the final multivariable regression analysis, 
again including the random intercepts for patient presentation and observer. Variable 
selection by the backward stepwise approach (selection criterion: overall p < 0.05) was 
used to determine the best fitting regression model.

The same multilevel regression procedure was conducted for the subgroup of observers 
on which we had data regarding the prevalence of hazardous attitudes (n = 62), adding 
the attitudes as an extra predictor. None of the hand surgeons had hazardous levels of 
impulsivity and/or resignation/external locus of control; therefore, these variables could 
not be entered into the bivariable multilevel analysis.

Characteristics of observers
A total of 92 of the 283 invited hand surgeons (33%) completed the study, 20 hand sur-
geons only partially completed the survey and were excluded from analysis, one opted 
out and 170 surgeons (60%) did not respond. The response rate should be viewed in light 
of the known high rate of unresponsiveness among the members of the SOVG; this is due 
to out of date email addresses and a subgroup of inactive members that rarely participate. 
Of the hand surgeons who completed the study, 42 raters were assigned to review clinical 
information alone and 50 to review clinical information as well as radiographs. Surgeon 
characteristics are shown in Table 1.

TABLE 1. Surgeon Characteristics (n = 92)

Parameter Total
(n = 92)

Clinical information 
only

(n = 42)

Clinical information 
and radiographs

(n = 50)

Number % Number % Number %

Sex

Male 79 85.9 37 88.1 42 84.0

Female 13 14.1 5 11.9 8 16.0

Location of practice

North America 73 79.3 33 78.6 40 80.0

Europe and United Kingdom 9 9.8 3 7.1 6 12.0

Central and South America 7 7.6 3 7.1 4 8.0

Other 3 3.3 3 7.1 0 0.0

Training

Orthopaedic Surgery 80 87.0 35 83.3 45 90.0

Plastic Surgery 10 10.9 5 11.9 5 10.0

General Surgery 2 2.2 2 4.8 0 0.0

Specialization

Hand Surgery 90 97.8 40 95.2 50 100.0

General Orthopaedic Surgery 2 2.2 2 4.8 0 0.0
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TABLE 1. (continued)

Parameter Total
(n = 92)

Clinical information 
only

(n = 42)

Clinical information 
and radiographs

(n = 50)

Number % Number % Number %

Years in independent practice

1–5 19 20.7 4 9.5 15 30.0

6–10 21 22.8 12 28.6 9 18.0

11–20 34 37.0 17 40.5 17 34.0

>20 18 19.6 9 21.4 9 18.0

Practice setting

Hospital-employed, academic 53 57.6 22 52.4 31 62.0

Hospital-employed, non-
academic

10 10.9 5 11.9 5 10.0

Private practice 29 31.5 15 35.7 14 28.0

Supervising surgical trainees in operating room

No 16 17.4 8 19.0 8 16.0

Yes 76 82.6 34 81.0 42 84.0

Number of patients typically treated annually with TMC arthrosis

1–20 8 8.7 4 9.5 4 8.0

21–50 24 26.1 9 21.4 15 30.0

>50 60 65.2 29 69.0 31 62.0

Hazardous attitudes (n = 62)

Macho

No 45 72.6 25 75.8 20 69.0

Yes 17 27.4 8 24.2 9 31.0

Self-confidence

No 57 91.9 28 84.8 29 100.0

Yes 5 8.1 5 15.2 0 0.0

Worry/anxiety

No 58 93.5 30 90.9 28 96.6

Yes 4 6.5 3 9.1 1 3.4

Antiauthority

No 59 95.2 31 93.9 28 96.6

Yes 3 4.8 2 6.1 1 3.4

Impulsive

No 62 100.0 33 100.0 29 100.0

Yes 0 0.0 0 0.0 0 0.0

Resignation/external locus of control

No 62 100.0 33 100.0 29 100.0

Yes 0 0.0 0 0.0 0 0.0
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Results

Thirteen variables met the criterion of p < 0.15 in bivariable analysis and were entered into 
the backwards stepwise multivariable regression analysis (Table 2). Accounting for poten-
tial interaction among variables using multilevel regression, the factors independently 
associated with a higher likelihood of a recommendation for surgery included: pain with 
a greater limiting effect on daily activities, previous diagnosis of TMC arthrosis (1 year 
ago compared to no previous diagnosis), previous treatment of TMC arthrosis (previous 
splint or splint and cortisone injection compared to no previous treatment), greater pain 
with the grind test, adduction contracture and metacarpophalangeal hyperextension, 
viewing radiographs of the thumb, location of surgeon’s practice (Europe and United 
Kingdom or Central and South America compared to North America), and surgeon 
training (Plastic Surgery compared to Orthopaedic Surgery or Plastic Surgery compared 
to General Surgery) (Table 3). On average, surgeons preferred operative treatment for 

TABLE 2. Bivariable Regression Analyses for Operative Treatment of TMC Arthrosis (92 Observers)

Patient parameter F df p value

Sex 3.6 1 0.058

Age 1.8 1 0.18

Dominant thumb 2.8 1 0.092

Daily activities 37 4 < 0.001

Diagnosis of TMC arthrosis 2.5 2 0.082

Previous treatment for TMC arthrosis 270 2 < 0.001

Shoulder sign 0.45 1 0.50

Pain with the grind test 4.9 4 < 0.001

Crepitation with the grind test 0.26 4 0.91

Adduction contracture and MCP hyperextension 5.7 1 0.017

Pinch and grip strength 1.2 1 0.27

Radiographic parameter

Radiographs 5.5 1 0.019

Surgeon parameter

Sex 3.5 1 0.062

Location of practice 9.7 3 < 0.001

Training 6.3 2 0.0019

Specialization 0.17 1 0.68

Years in independent practice 0.45 3 0.72

Practice setting 3.0 2 0.048

Supervising surgical trainees in operating room 1.7 1 0.19

Number of patients typically treated annually with TMC arthrosis 6.7 2 0.0013

DF = degrees of freedom.
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TABLE 3. Best Multilevel Regression Model for Operative Treatment of TMC Arthrosis (92 Observers)

Patient parameter Rate of surgery 
recommendation

F p value Odds ratio 95% confidence interval

Lower Upper

Daily activities 46 < 0.001

The pain does not limit 
daily activities

22% Reference 
category

Reference 
category

Reference 
category

Reference 
category

The pain slightly limits 
daily activities

31% 0.0017 1.8 1.2 2.6

The pain moderately 
limits daily activities

39% < 0.001 4.0 2.8 5.8

The pain severely limits 
daily activities

48% < 0.001 7.3 5.1 11

The pain makes it 
impossible to perform 
activities of daily living

50% < 0.001 8.5 5.9 12

Diagnosis of TMC arthrosis 3.6 0.027

No previous diagnosis 35% Reference 
category

Reference 
category

Reference 
category

Reference 
category

3 months ago 38% 0.24 1.2 0.90 1.5

1 year ago 40% 0.0074 1.4 1.1 1.9

Previous treatment for TMC 
arthrosis

271 < 0.001

No previous treatment 15% Reference 
category

Reference 
category

Reference 
category

Reference 
category

Splint 31% < 0.001 4.0 2.9 5.4

Splint and cortisone 
injection

67% < 0.001 44 32 62

Pain with grind test 6.3 < 0.001

No pain 32% Reference 
category

Reference 
category

Reference 
category

Reference 
category

Mild pain 35% 0.020 1.5 1.1 2.2

Moderate pain 41% 0.0012 1.8 1.3 2.5

Severe pain 40% < 0.001 2.0 1.4 2.9

Extreme pain 41% < 0.001 2.2 1.6 3.2

Adduction contracture and 
MCP hyperextension

6.8 0.0090

No 36% Reference 
category

Reference 
category

Reference 
category

Reference 
category

Yes 40% 0.0090 1.3 1.1 1.7

Radiographic parameter

Radiographs 6.7 0.010

No 32% Reference 
category

Reference 
category

Reference 
category

Reference 
category

Yes 42% 0.010 2.3 1.2 4.2
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38% of patients, but the rate of surgical treatment recommendation varied greatly; there 
was one surgeon who preferred operative treatment for all patients (100%), and two 
surgeons who preferred nonoperative treatment for all patients (0%).

The bivariable regression analyses with hazardous attitude variables revealed that none 
of these variables met the criterion to be entered into the backwards stepwise multivari-
able regression analysis (all bivariable were p ≥ 0.18.); therefore, no multivariable regres-
sion analysis was conducted (Table 4).

TABLE 4. Bivariable Regression Analyses for Operative Treatment of TMC Arthrosis Including Hazardous 
Attitudes (62 Observers)

Surgeon parameter F df p value

Hazardous attitudes

Macho 1.1 1 0.30

Self-confidence 1.8 1 0.18

Worry/anxiety 0.63 1 0.43

Antiauthority 1.6 1 0.21

DF = degrees of freedom.

TABLE 3. (continued)

Surgeon parameter Rate of surgery 
recommendation

F p value Odds ratio 95% confidence interval

Lower Upper

Location of practice 6.3 < 0.001

North America 32% Reference 
category

Reference 
category

Reference 
category

Reference 
category

Europe and United 
Kingdom

65% 0.0025 5.3 1.8 15

Central and South 
America

60% < 0.001 6.8 2.2 21

Other 36% 0.53 1.7 0.31 9.8

Training 4.2 0.014

Orthopaedic Surgery 36% 0.20 4.4 0.46 42

Plastic Surgery 57% 0.023 17 1.5 196

General Surgery 18% Reference 
category

Reference 
category

Reference 
category

Reference 
category

Numbers in bold indicate significance at p < 0.05.
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Discussion

There is substantial and unexplained variation in rates of surgery for TMC arthrosis from 
surgeon to surgeon. Such variation generally indicates that the preferences and values 
of the surgeon have a greater influence on treatment decisions than the preferences and 
values of the patient9. The role of surgery in patients with TMC arthrosis and the optimal 
technique are open to debate5,10. We studied the factors that have the greatest influence on 
surgeon recommendations to better aid efforts to reduce surgeon-to-surgeon variation in 
treatment of TMC arthrosis.

This study has several limitations. First, only surgeons participating in the SOVG were 
evaluated and a substantial portion of the SOVG members rarely or never participates. 
Secondly, due to the randomization of fictive patient characteristics (except for sex and 
age) for every patient there might have been an “unrealistic” combination of clinical in-
formation for observers that were randomized to review clinical information. Third, only 
a small amount of clinical information was presented. Occupation, avocation, and other 
information might influence the decision-making process. Fourth, observers responded 
to the question about their preferred treatment for a particular patient by picking their 
preferred treatment(s) from a list or by choosing “other” and describing the treatment. 
When a surgeon chose any kind of surgical option, we considered it “operative” treat-
ment unless they mentioned that there was no absolute indication or urgency for surgery. 
Finally, we did not account for patient’s preferences and wishes.

Our findings are consistent with studies that found substantial variation and incon-
sistency of recommendations for adeno-tonsillectomy11 and knee arthroplasty.12,13 Ra-
diographic severity of knee arthrosis influences orthopaedic surgeon and even more so 
rheumatologist recommendations for total knee arthroplasty12,14. A retrospective study by 
Ochtman et al.15 found substantially different treatment strategies per surgeon and rates 
of surgery for TMC arthrosis. A larger retrospective study by Becker et al.2 showed that 
a younger patient age, seeing a second surgeon, and treatment by specific hand surgeons 
were associated with a greater likelihood of undergoing surgery for hand arthrosis. In a 
survey of 1,156 active members of the American Society for Surgery of the Hand nearly 
half (46%) chose to continue nonoperative treatment for a 42-year-old woman with 
moderate to severe pain and minimal radiographic changes, who was also unsatisfied 
with splinting and one corticosteroid injection3. These hand surgeons were more likely 
from the mid-Atlantic compared to all other regions (60% and 45%, respectively) and 
more likely in practice for ≤ 15 years compared to those in practice for 16 to 25 years (52% 
and 46%, respectively)3.

Only a small degree of regional variation in surgery rates for common conditions can 
be explained by differences in illness burden, diagnostic practices, and patient attitudes 
about medical intervention9. It seems that surgeons’ beliefs, preferences and attitudes, 
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and the extent to which patient preferences are incorporated into the decision-making 
process, better explain treatment variation9. Even though our results did not show a 
relationship between hazardous attitudes and treatment preference, location of practice 
and surgical training might partially reflect surgeons’ beliefs, preferences and attitudes. 
A survey among orthopaedic surgeons and referring physicians (rheumatologists and 
family physicians) for total knee arthroplasty found that (1) the opinion of the referring 
physicians varied greater than those of the surgeons; (2) the reasons for referral by refer-
ring physicians differed from the reasons the surgeons opted for total knee arthroplasty; 
and (3) half of the total variability of the most appropriate candidate (based on patient 
characteristics) for total knee arthroplasty was due to inconsistent individual physicians’ 
opinions12. The latter is something that could potentially also play a role in the treatment 
decision-making for TMC arthrosis.

Surgeons were more likely to recommend surgery for patients with greater symptoms 
and disability, a prior diagnosis or treatment, and when presented with radiographs. We 
have the impression that surgeons seem relatively unaware of how closely symptom in-
tensity and magnitude of disability are tied to mindset and circumstances, and unaware of 
the degree to which they are biased by radiographic visualization of pathophysiology. We 
also feel that surgeons tend to think of patient dissatisfaction with treatment as a “failure” 
necessitating increasingly invasive and risky interventions. There is mounting evidence 
that symptom intensity, magnitude of disability, and dissatisfaction with treatment 
are related to symptoms of depression and ineffective coping strategies, with relatively 
limited relation to objective impairment and pathophysiology16-18. Surgeons have long 
recognized that symptoms and disability do not correlate with radiographic severity of 
arthrosis19-21, we see patients every day that have severe TMC arthrosis they are not even 
aware of, and we now understand the source of that variation better than ever. But we still 
make recommendations based on the misconception that greater illness always reflects 
greater disease and that treatment of the pathophysiology will always relieve symptoms 
and limit disability.

Given these notable surgeon biases, methods for increasing patient participation in the 
decision-making process merit additional attention and study. So-called decision aids are 
videos, websites, pamphlets, etc. that intend to provide patients with balanced, dispas-
sionate, understandable information about their problem and the treatment options. The 
use of decision aids has resulted in a reduction of discretionary, preference-sensitive sur-
gery in other fields22, presumably at least in part because patients might recognize their 
maladaptive thoughts and emotions and be open to modifying them before undergoing 
the risks, discomforts, and inconveniences of surgery. In other words, well informed 
patients might be less likely to place all of their hope in invasive, passive treatments and 
more likely to feel hopeful no matter what they choose.
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Trapeziometacarpal Arthrosis:  
Presentation, Psychosocial Aspects, and Management

This thesis addresses several aspects of trapeziometacarpal (TMC) arthrosis: patient 
presentation; nonoperative, palliative treatments; and practice variation and related costs 
due to subjectivity of the treating hand surgeon. The general aims are to adequately prove 
and disseminate that TMC arthrosis is an expected part of human aging, improve knowl-
edge of the difference in magnitude of symptoms and disability between people with 
TMC arthrosis, develop and preliminary validate a new TMC arthrosis-specific question-
naire designed to assess symptoms and disability at the TMC joint, test the interobserver 
agreement of the radiographic (modified) Eaton-Glickel (E-G) classification system, and 
improve treatment of TMC arthrosis.

This thesis has been divided into three main parts: symptoms and disability, treatment, 
and variation in management. This chapter consists of a summary and discussion of each 
of the previous chapters followed by a general conclusion and future perspectives.

Symptoms and Disability

Hand surgeons treat TMC arthrosis as if everyone with the disease presents for treatment 
despite evidence that suggests that it is so common with age that it can be considered a 
normal part of human aging for which—it seems safe to assume—most people never seek 
medical attention1,2.

Symptoms and disability vary widely between patients with symptomatic TMC ar-
throsis, but it is especially interesting to note the number of asymptomatic people with 
evidence of radiographic TMC arthrosis3-5.

In chapter 2, the radiographic prevalence of TMC arthrosis was studied in 2321 patients 
of 31 years and older who visited the emergency department of a tertiary care hospital 
for treatment of a distal radius fracture. The aims of this study were to (1) to confirm the 
prevalence of radiographic TMC arthrosis on posteroanterior (PA), oblique, and lateral 
radiographs in a very large sample and to determine if age and sex are associated with 
(2) any radiographic evidence of TMC arthrosis; and (3) radiographic evidence of severe 
TMC arthrosis. Radiographic TMC arthrosis was graded using the 3-point scale of Sodha 
et al.2 (none, definite, destroyed TMC joint). The prevalence of TMC arthrosis steadily 
increased to 85% between the ages of 71 and 80 years and reached 100% in women (with 
50% of them being classified as severe) aged 91 years or older and 93% in men of 81 years 
or older. Severe arthrosis was more prevalent at earlier ages among women and reached 
35% in women and 34% in men who were 81 years or older. Logistic regression identified 
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higher age as the strongest factor associated with radiographic TMC arthrosis, but sex 
was also a factor. Higher age was the only factor associated with severe radiographic TMC 
arthrosis in logistic regression analysis.

Idiopathic TMC arthrosis is part of normal human aging, affecting 66% of adults aged 
50 years or older and eventually everyone over 90 years of age. Compared with Sodha and 
colleagues2, the current study identified slightly more arthrosis in men and less severe ar-
throsis in women of comparable age, but our larger study confirmed their earlier findings. 
Several factors might explain the discrepancies between the radiographic prevalence we 
and Sodha et al.2 found and lower prevalence rates cited by most hand surgeons. First of 
all, most prior studies looked at single age cutoffs rather than the spectrum over all ages. 
In addition, most other studies used a single PA view and used the Kellgren and Lawrence 
grading system, which is not specific to the TMC joint1,4,6-8. Finally, studies that use radio-
graphs of patients with a distal radius fracture most likely have better representation of 
older aged patients than in prior studies.

Given the complex shape and obliquity of the trapezium, it can be radiographically 
challenging to interpret the articulations of the trapezium. Therefore, some might argue 
that PA, oblique, and lateral radiographs do not depict the TMC joint as well as a Robert 
or Bett (view of all four trapezial articulations) view. However, observers in our study 
found more arthrosis based on the PA, oblique, and lateral view than other studies that 
did not use the Sodha grading system and interobserver reliability of the E-G or Eaton-
Littler classification is only moderate when three thumb views, including a Bett view, 
are rated9,10. Chapter 8 also showed moderate interobserver agreement of the E-G clas-
sification system based on a Robert, true lateral, and oblique view. In contrast a study by 
Ladd et al.11 showed substantial reliability of a combination of the E-G and Eaton-Littler 
classification based on a Robert, PA, lateral, and stress view but it is unknown what fac-
tors are associated with this higher interobserver reliability.

We felt there was a need to repeat the study by Sodha et al.2 in a larger cohort to increase 
awareness of and confidence in the finding that TMC arthrosis is an expected part of 
human aging. This study supports that finding. Given that only three patients (0.1%) 
in this large cohort had evidence of prior surgery at the TMC joint, it seems that most 
people adapt to TMC arthrosis without surgical treatment.

In chapter 3, the difference in TMC arthrosis-related symptoms and disability between 
64 patients seeking treatment for symptoms of TMC arthrosis and 64 patients with inci-
dental TMC arthrosis was tested. For both groups, the diagnosis was based on crepitation 
of the TMC joint (palpable by the surgeon) on examination. There was substantial vari-
ability in symptoms and disability in patients with a diagnosis of TMC arthrosis, but also 
between patients who presented for treatment of TMC arthrosis and those that received 
an incidental diagnosis of the condition. Patients presenting for care of TMC arthro-
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sis had significantly more TMC arthrosis–related symptoms and disability than those 
with incidental TMC arthrosis. Symptomatic patients also showed greater catastrophic 
thinking, lower pain self-efficacy, and more depressive symptoms than patients with an 
incidental diagnosis of TMC arthrosis. The best multivariate linear regression model for 
fewer TMC arthrosis-related symptoms and disability included patients with incidental 
TMC arthrosis, male sex, no other painful conditions, less catastrophic thinking, and 
fewer depressive symptoms and explained 74% of the variability. Having incidental TMC 
arthrosis (25%) and more adaptive coping strategies (less catastrophic thinking; 5%) were 
the most important contributors to fewer symptoms and less disability.

Previous research has shown that a substantial portion of patients with radiographic 
TMC arthrosis are asymptomatic3-5, it is a reassuring thought for patients and physicians 
that the majority of people with radiographic TMC arthrosis will not have sufficient 
symptoms to ask for medical help. Our study results support the belief that a substantial 
portion of people with TMC arthrosis do not seek care and experience manageable symp-
toms and limited disability. Along with the fact that coping strategies are the strongest 
correlates of TMC arthrosis-related symptoms and disability, which is consistent with 
previous research12 and findings of chapters 5 and 6, this suggests that an optimal mind-
set can facilitate adaptation to TMC arthrosis. Future studies should determine whether 
training in more effective thoughts and behaviors in response to pain can decrease symp-
toms and disability in patients with TMC arthrosis.

Chapter 4 presents the development and preliminary validation of the Trapeziometacar-
pal Arthrosis Symptoms and Disability (TASD) questionnaire, designed to assess symp-
toms and disability at the TMC joint. Questionnaire items were generated with help from 
patients, physicians and textbooks, and narrowed to 12 final items with good face validity. 
Next, English-speaking patients (50 years or older) were enrolled in one of two samples 
(sample 1: 64 patients specifically presented for treatment of TMC arthrosis; sample 2: 64 
patients received an incidental diagnosis of previously undiagnosed TMC arthrosis when 
presenting for treatment of another, not thumb-related condition).

The final TASD contains 12 items and 2 subscales, as confirmed by principal component 
analysis: symptoms (7 items) and disability (5 items). The subscales’ internal consistency 
was good to excellent in both samples. The TASD showed good convergent validity as 
evidenced by moderate to strong correlations between both subscales and upper extrem-
ity disability, pain intensity, depression, self-efficacy and key pinch strength (sample 1). 
The TASD also showed good discriminant, and good known-groups validity.

Symptoms and disability at the TMC joint are typically assessed with general measures 
that may not be able to accurately discriminate between TMC arthrosis-specific versus 
other hand and arm condition concerns13. A TMC joint-specific questionnaire might 
be more responsive (able to detect clinically important change but distinguish it from 
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measurement error) than a hand or upper extremity questionnaire13, which can help 
facilitate pre and post TMC arthrosis-specific treatment effects. The TASD is useful in 
assessing symptoms and disability related to TMC arthrosis, has a simple scoring system 
and administration mode (self-administered), and is concise and free.

The responsiveness of the two subscales and the test-retest reliability need to be tested 
in additional studies. In addition, future studies of unrelated and larger samples are 
needed to cross-validate the psychometric properties and factor structure, and compare 
it to other questionnaires validated for use in patients with TMC arthrosis.

Treatment

There is no curative treatment for TMC arthrosis; all treatments are palliative at best. 
There is no consensus on the best treatment modality for TMC arthrosis14.

Chapter 5 presents a prospective, randomized [1:1] controlled clinical trial comparing 
arm-related disability between a pre-fabricated neoprene and custom-made thermoplast 
hand-based thumb spica splint 5 to 15 weeks after prescription for patients diagnosed 
with TMC arthrosis. After informed consent was obtained, 119 patients were randomly 
assigned to either a neoprene or a thermoplast splint with the metacarpophalangeal joint 
included and the first interphalangeal joint free. Sixty-two patients (32 with a neoprene 
and 30 with a thermoplast splint) completed the study, 51 patients (43%) did not return for 
the second visit, and six did not complete the protocol for other reasons. Non-completers 
were significantly younger than completers. On average completers rated the neoprene 
splint as more comfortable, but there were no detectable differences in arm-related 
disability (Disabilities of the Arm, Shoulder and Hand [DASH] questionnaire), change 
in DASH, pain, satisfaction, and pinch or grip strength between the two splint types in 
our sample. Depressive symptoms and catastrophic thinking moderately correlated with 
arm-related disability at enrollment and pain at follow-up, and depressive symptoms and 
heightened illness concern moderately correlated with arm-related disability at follow-up.

The neoprene splint was on average more comfortable as shown by previous studies15,16, 
but otherwise comparable to the thermoplast splint in our sample. Splints significantly, 
but modestly, decrease pain for TMC arthrosis in this and prior studies17,18. Most patients 
either did not return or continued nonoperative treatment (only 9% of patients requested 
operative treatment within the first 4 years after splint treatment), so at a minimum, 
splints provide patients time to reflect on their disease and adjust to it. An earlier study 
by Berggren et al.19 showed that only 30% of 33 patients that were sent to an occupational 
therapist had surgery during a seven month follow-up, and only two more patients re-
quested operative treatment after seven years during which time four patients died.
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The finding of neoprene splints being slightly more comfortable on average and other-
wise no differences between the splints, suggests that surgeons and therapists can safely 
let patients choose their preferred splint, and spend less time discussing the technical 
aspects of various splint options and more time coaching patients on other adaptive and 
palliative measures.

In chapter 6, it was evaluated if type of injection (corticosteroid vs placebo) was a predic-
tor of arm-related disability or pain intensity 1 to 3 months after injection of dexametha-
sone or placebo for treatment of TMC arthrosis or de Quervain syndrome. After enroll-
ment, 36 English-speaking adults with TMC arthrosis or de Quervain syndrome were 
randomized to receive either a dexamethasone or a placebo injection. Patients followed 
up an average of 1.4 ± 0.42 months (range, 0.79–2.5 months) after the injection. Type of 
injection was not a predictor of arm-related disability or pain intensity after injection. 
The best regression model both for arm-related disability and pain intensity at follow-up 
included pain catastrophizing and explained 18% and 33% of the variability, respectively.

Catastrophic thinking was a better predictor of both arm-related disability and pain 
intensity than diagnosis or type of injection (steroid vs placebo) 1 to 3 months after an 
injection. This is in agreement with extensive study of musculoskeletal pain conditions 
that consistently finds that psychosocial factors such as catastrophic thinking (or low self-
efficacy) explain more of the variation in pain intensity and disability than pathophysiol-
ogy or biomedical treatments20-24. Chapters 3 and 5 also found that coping strategies are 
predictors of symptom intensity and magnitude of disability.

A systematic review of randomized controlled trials (RCTs) regarding conservative 
treatment of TMC arthrosis concluded that there is some evidence that both corticoste-
roid and hyaluronate intra-articular injections can reduce pain but most of the included 
studies concluded that hyaluronate injections seemed to have a longer-lasting effect with 
a slower start than corticosteroid injections18. However, none of the two randomized 
placebo injection controlled trials which compared placebo to corticosteroid injections 
has demonstrated a benefit of corticosteroid over placebo injection for TMC arthrosis25,26. 
Also, studies had a short follow-up period with a maximum of one year in one of the 
included studies18. An RCT by Monfort et al.27 (not included in the systematic review by 
Spaans et al.18) compared a total of three local injections at 7-day intervals with either 
hyaluronic acid (n = 48) or betamethasone (n = 40) but did not find a significant differ-
ence between the injection groups during a six month follow-up period. Randomized 
placebo injection controlled trials are needed with more patients and longer follow-up 
periods to make evidence-based conclusions18.
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Variation in Management

There is a wide variety in the use of medical resource allocation and utilization by provider 
that are unwarranted since this variation is difficult to explain based on pathophysiol-
ogy, patient risk factors or patient preferences28-31. Although physicians may believe that 
healthcare costs are largely beyond their control, regional variation in healthcare costs 
argues otherwise32. The scope of variation and the number of people affected suggest 
substantial potential to lower healthcare costs with the reduction of practice variation.

To test this assumption, chapter 7 assesses practice variation and related healthcare costs 
across three affiliated urban hospitals the first year after diagnosis of hand arthrosis in 
patients. Within a time frame of five years, 2814 patients that received a new diagnosis 
of primary hand arthrosis by one of six hand surgeons were identified from the research 
database. Predictors of increased costs included younger patient age, seeing a second 
surgeon, and specific surgeons. The same predictors and male sex were associated with 
increased surgical intervention. There were large variations in the average number of vis-
its (1.5-fold), imaging tests (threefold), use of injections (51-fold), occupational therapy 
(twofold), and surgery rates (sevenfold) among providers. One hundred twenty patients 
(4.3%) consulted a second surgeon within the first year after receiving the diagnosis of 
hand arthrosis, which accounted for 8.1% of the total costs.

The results of this study suggest that use of medical services and associated costs vary 
widely among hand surgeons that treat patients with hand arthrosis, leading to the conclu-
sion that physician attitudes have an inordinate influence on medical decision-making28. 
Physicians’ decision-making is influenced to a more or lesser extent by patients’ symptom 
intensity and magnitude of disability, the available evidence, and practice guidelines. So-
called decision aids are designed with the intention to provide patients with balanced 
and dispassionate information in a way that will allow them to understand their problem 
and comprehend the treatment options, risks, benefits, and alternatives to the proposed 
treatment, and enable them to make a decision that aligns with their preferences, values 
and needs. Decision aids—delivered online, on paper or on video—increase patient par-
ticipation in the shared decision-making process33, and have resulted in a 20% decrease 
in proceeding with elective surgeries in other clinical areas34-36.

Patients who consulted with another hand surgeon incurred an almost twofold increase 
in costs and nearly threefold increase in rate of surgery without having worse objective 
pathophysiology compared with controls. This suggests that the small percentage of 
patients who see surgery as their best option may pursue surgeons who are more likely 
to offer surgery. The so-called “doctor shopping” phenomenon has been studied in other 
fields and has been associated with decreased patient satisfaction and opioid addiction37,38. 
Future research should focus on factors associated with seeking a second opinion in the 
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field of hand surgery and the influence on final patient symptoms and disability. We also 
hope that identification of the substantial variations in use of medical services and related 
costs will foster awareness and launch research on optimal use of resources.

In chapter 8, the interobserver reliability of the (modified) E-G classification was tested 
among 92 hand surgeons of the Science of Variation Group (SOVG), a web-based col-
laborative, who viewed 30 radiographs (Robert, true lateral, and oblique view) of patients 
diagnosed with TMC arthrosis. Forty-two observers were randomly assigned to review 
radiographs alone and 50 were also informed of the patient’s symptoms and examination. 
The information about symptoms and examination was randomized. Shortening the E-G 
classification to only the first three stages (eliminating evaluation of the scaphotrapezial 
[ST] joint) significantly improved the interobserver reliability, which approached sub-
stantial agreement (s* = 0.60). Providing information about the patient’s symptoms and 
examination to observers marginally improved the interobserver reliability. Factors as-
sociated with less severe radiographic TMC arthrosis (lower E-G stage) included: female 
surgeon, practice setting, supervising surgical trainees in the operating room, number of 
patients with TMC arthrosis typically treated annually, male patient, higher patient age, 
pain limiting daily activities, and shoulder sign. The only variable associated with a higher 
modified E-G classification to rate ST arthrosis was annually treating more patients with 
TMC arthrosis.

A limitation of the E-G classification is that ST arthrosis can only be present in stage 4 
even though severe ST arthrosis can be seen with the entire spectrum of radiographic se-
verity of TMC arthrosis3,39. The interobserver agreement of the E-G classification system 
was measured in four previous studies with only 5 to 6 observers using different kinds 
and varying numbers of radiographs, even computed tomography scans9,40-42. Reliability 
is highly variable in such small studies9-11,40-42. The main difference between our study and 
previous interobserver studies on the E-G classification system is the large number of ob-
servers and the use of only fully trained surgeons as observers. Our findings suggest that 
simpler classifications that focus on a single anatomical area are more reliable, which is 
consistent with studies of distal radius and scapular fracture classifications where simpler 
classifications have greater reliability43-47.

The difference in interobserver reliability of the E-G classification between observers 
provided with clinical information rather than only radiographs was marginal and the 
finding might be spurious. However, we do not know if information about symptoms and 
examination improves the accuracy and therefore it is uncertain if the improvement in 
reliability is desirable since we can agree with each other and still be wrong. Symptom 
intensity and magnitude of disability vary substantially between people with comparable 
pathophysiology of TMC arthrosis48. Pain limiting daily activities is often reported by 
patients with a lower E-G stage and some patients with advanced arthrosis are not even 
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aware of it3,4,49-51. Therefore, we expected clinical information to decrease instead of increase 
reliability because it would bias surgeon interpretations, but this study found the opposite.

There is growing evidence that surgeon and patient factors can bias interpretation of 
objective pathophysiology such as radiographic findings. The surgeon factors associated 
with radiographic severity rating of arthrosis, found in this study, may partially reflect 
other potential sources of interobserver variation such as culture, training, and exposure.

It seems likely that surgeons rely more on their own experience or intuition than on 
the precise definition of the E-G classification, another source of interobserver variation.

In chapter 9, factors that have the greatest influence on surgeon recommendations were 
studied to better aid efforts to reduce surgeon-to-surgeon variation in treatment of TMC 
arthrosis. Forty-two observers were randomly assigned to give treatment recommenda-
tions based on clinical information alone and 50 to give treatment recommendations 
based on clinical information as well as radiographs for 30 patient presentations with 
TMC arthrosis. A larger random set of patient presentations was created through random 
assignment of fictive patient characteristics (except for sex, age and radiographs) for 
each patient presentation every time an observer rated a patient. On average, surgeons 
preferred operative treatment for 38% of patients, but the rate of recommendation for 
surgery was extremely variable between surgeons, from every patient (100%) to none 
of the patients (0%). Factors independently associated with a higher likelihood of a 
recommendation for surgery included: pain affecting daily activities, previous diagnosis 
of TMC arthrosis, previous treatment of TMC arthrosis, greater pain with the grind test, 
adduction contracture and metacarpophalangeal hyperextension, viewing radiographs of 
the thumb, location of surgeon’s practice (continent), and surgeon training.

There is substantial and unexplained variation in rates of surgery for TMC arthrosis 
between surgeons. The role of surgery in patients with TMC arthrosis and the optimal 
technique are open to debate14,52. Illness burden, diagnostic practices, and patient atti-
tudes about medical intervention can only explain a small degree of regional variation in 
surgery rates for common conditions28. It seems that surgeons’ beliefs, preferences and 
attitudes, and the extent to which patient preferences are incorporated into the decision-
making process, better explain treatment variation28. Location of practice and surgical 
training might partially reflect surgeons’ beliefs, preferences, attitudes, and culture. A 
survey among orthopaedic surgeons and referring physicians (rheumatologists and fam-
ily physicians) for total knee arthroplasty found that half of the total variability of the 
most appropriate candidate (based on patient characteristics) for total knee arthroplasty 
was due to inconsistent individual physicians’ opinions53. This could potentially also play 
a role in the treatment decision-making for TMC arthrosis.

Surgeons were more likely to recommend surgery for patients with greater symptoms 
and disability, a prior diagnosis or treatment, and when presented with radiographs. 
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Surgeons have long recognized that symptoms and disability do not correlate with radio-
graphic severity of arthrosis4,49,50. But they still seem to make recommendations based on 
the misconception that greater illness always reflects greater disease and that treatment 
of the pathophysiology will always relieve symptoms and limit disability. Given these no-
table surgeon biases, methods for increasing patient participation in the decision-making 
process merit additional attention and study. The use of decision aids has resulted in a 
reduction of discretionary, preference-sensitive surgery in other fields33.

Conclusion

The most established risk factor for radiographic TMC arthrosis is age. Based on the 
fact that TMC arthrosis is nearly universal with advancing age, it is safe to assume that 
a fraction of patients bring the problem to the attention of a health provider. There is 
substantial variability in perceived pain intensity and disability from TMC arthrosis. Pa-
tients with an incidental diagnosis of TMC arthrosis have more effective coping strategies 
compared to symptomatic patients with TMC arthrosis. Less effective coping strategies 
(i.e., catastrophic thinking, more symptoms of depression, heightened illness concern and 
less pain self-efficacy) are associated with symptom intensity and magnitude of disability. 
Patients can decide if they want a neoprene or thermoplast splint since splints are overall 
comparable and significantly, but modestly, decrease pain for TMC arthrosis. None of the 
few randomized placebo injection controlled trials has shown a benefit of corticosteroid 
over placebo injections, but more such trials with longer follow-up are needed to make 
evidence-based recommendations. The scope of treatment variation by provider is con-
cerning and can be minimized by emphasizing patient rather than surgeon preferences.

Future Perspectives

The evidence is compelling that TMC arthrosis is an inevitable part of human aging. 
It seems reasonable to assume that patients and healthcare providers might consider 
treatment options differently if they understand TMC arthrosis is a problem to which 
most people adapt rather than something only a subset of people gets and always re-
quires treatment. Future studies are merited to determine whether training in better 
coping strategies (e.g., less catastrophic thinking and fewer depressive symptoms) can 
decrease symptoms and disability in patients with TMC arthrosis. Cognitive behavioral 
therapy is both evidence-based and validated in other upper-extremity conditions54,55 and 
chronic pain conditions56. Because this is both counterintuitive and counterculture, it is 
anticipated that a great deal of scientific data will be necessary for hand specialists and 
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their patients to find a focus on optimal coping strategies to be as appealing or more 
appealing than a focus on pathophysiology. Patients in pain are often in a “fix it” mindset, 
which can make offers of an injection or surgery more appealing than adaptive treatment 
modalities. In fact, anything short of a “quick fix” can be disappointing, which might lead 
to lower patient satisfaction and would affect measures by which providers are evaluated 
but physicians also find it hard to disappoint their patients. Other possible barriers for 
physicians to provide behavioral counseling such as incentives, lack of time, ineffective 
communication skills and training should also be considered and addressed57. It would 
be helpful to know more about patients with TMC arthrosis that are either asymptomatic 
or do not bring their symptoms to the attention of a health provider. An increasing preva-
lence and severity of pathophysiology with age that is unrelated to occupation, avocation, 
prior injury or other factors, even among asymptomatic patients would support the 
concept that TMC arthrosis is a normal part of aging to which the majority of people 
adapts. It would strengthen the emphasis for good health on effective coping strategies, 
even though previous studies have already shown that hand use is not associated with 
TMC arthrosis4,58.

Chapter 5 showed that only 9% elected surgery within an average of four years follow-
ing prescription of a hand-based thumb spica splint at our institution (data was checked 
for the nine major regional hospitals that share our electronic medical record). A study 
by Berggren et al.19 showed that only 30% of 33 patients who pursued surgery for TMC 
arthrosis went ahead with it after receiving occupational therapy within a follow-up 
period of seven months. This and the fact that most patients never ask for medical help 
support the belief that patients can adapt to TMC arthrosis. It is uncertain which treat-
ment modality offers the best outcome since it is unclear whether any surgery has benefits 
compared to no surgery, nonoperative treatment or sham surgery because no studies as-
sessing these comparisons were found by the recently updated Cochrane review14. Ideally 
future studies would directly compare surgery with sham surgery or nonoperative treat-
ment since the placebo effect of surgery for arthrosis is proved59 and treatment for TMC 
arthrosis is discretionary. Sham surgery is considered acceptable in a clinical trial when: 
(1) there is doubt about the superiority of one treatment method over another, an expert 
has no preference for one treatment over another for a particular patient with a particular 
condition, or it is unclear whether a procedure offers benefits beyond the placebo effect 
of the “surgery experience”; (2) risks are minimized as much as possible for patients who 
receive sham surgery; and (3) informed consent is obtained from patients60,61. Ideally a 
placebo-controlled surgical trial would include a third study arm with “education and 
observation” in order to be able to account for the natural course of TMC arthrosis or 
regression to the mean60.

We also have to decide on the best treatment outcome measure so that study results 
can be better compared to one another. Future studies will have to determine if the TASD 
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questionnaire (chapter 4) best reflects TMC arthrosis-related symptoms and disability, 
and if it could be used to assess treatment outcome.

Studies have shown that the use of quality decision aids leads to increased patient’ 
knowledge of risks and benefits, more accurate risk perceptions, greater comfort with 
the decision, greater patient participation in decision-making (shared decision-making), 
reduced decisional conflict for patients, fewer people remaining passive or undecided, 
and greater patient comfort with the final decision33. Decision aids also reduce subjective 
variability and optimize resource utilization, but have been scarcely implemented in hand 
surgery. Future studies should focus on the use of decision aids for patients with TMC 
arthrosis and—if proven valuable—implementation in clinical practice.

We are hopeful that the variation in medical services and related costs by provider will 
decrease due to more awareness, growing evidence-based medicine and use of decision 
aids in hand surgery. As physicians, we try to assist and treat our patients to the best of 
our knowledge and abilities. Patients ought to have the central role in health care but 
“patient-centered care”, with shared decision-making as the pinnacle, does not seem to be 
the routine care we provide. Let’s make sure that we routinely provide patient-centered 
care!
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Trapeziometacarpale Artrose:  
Presentatie, Psychosociale Aspecten, en Behandeling

Dit proefschrift behandelt verscheidene aspecten van trapeziometacarpale (TMC) artrose 
(artrose van het duimbasisgewricht): patiëntpresentatie; nonoperatieve en palliatieve 
behandelingen; en variatie in praktijkvoering en gerelateerde kosten door subjectiviteit 
van de behandelend handchirurg. De doelstellingen van dit promotieonderzoek zijn: (1) 
bewijzen en onderbouwen dat TMC artrose een onderdeel vormt van ouderdom; (2) 
kennis vergroten over het verschil in ernst van symptomen en subjectieve functionele 
beperkingen (“disability”) tussen mensen met TMC artrose; (3) ontwikkelen en starten 
met valideren van een nieuwe TMC artrose-specifieke vragenlijst opgesteld om sympto-
men en subjectieve functionele beperkingen ter plaatse van het TMC gewricht te meten; 
(4) testen van de interbeoordelaar betrouwbaarheid van de radiografische Eaton-Glickel 
(E-G) classificatie; en (5) optimaliseren van de behandeling.

Dit proefschrift is opgedeeld in drie delen: symptomen en subjectieve functionele 
beperkingen, behandeling, en variatie in behandeling. Dit hoofdstuk bestaat uit een sa-
menvatting en discussie van ieder van de voorafgaande hoofdstukken gevolgd door een 
algemene conclusie en toekomstperspectieven.

Introductie

Artrose is de meest voorkomende aandoening van de handgewrichten1. Een eerdere 
studie van Sodha et al.2 vond een radiografische prevalentie van TMC artrose van 91% 
in patiënten ouder dan 80 jaar die gestaag toenam vanaf 41-jarige leeftijd en sneller 
bij vrouwen dan mannen. Soms komt de aandoening eerder voor door een fractuur of 
dislocatie van het TMC gewricht, maar er is geen relatie met het gebruik van handen (e.g. 
voorgeschiedenis van werk of fysieke werkdruk)3,4. Over het algemeen behandelen hand-
chirurgen TMC artrose alsof iedereen met de aandoening zich meldt voor behandeling 
ondanks bewijs dat deze op latere leeftijd zo veelvoorkomend is dat het als een normaal 
onderdeel van het menselijk ouderdomsproces kan worden beschouwd. Het lijkt dan ook 
veilig te veronderstellen dat de meeste mensen nooit medisch advies inwinnen2,5.

Symptomen en Subjectieve Functionele Beperkingen

Symptomen en subjectieve functionele beperkingen verschillen sterk tussen patiënten 
met symptomatische TMC artrose maar het is vooral interessant op te merken hoeveel 
mensen met radiografisch bewijs voor TMC artrose asymptomatisch zijn3,6,7.
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In hoofdstuk 2 is de radiografische prevalentie van TMC artrose bestudeerd bij 2321 
patiënten van 31 jaar en ouder die de spoedeisende hulp van een derdelijnsziekenhuis 
bezochten voor behandeling van een distale radiusfractuur. De doelen van deze studie 
waren (1) bevestigen van de prevalentie van radiografische TMC artrose op postero-
anterieure (PA), schuine (“oblique), en laterale röntgenfoto’s in een zeer grote groep en 
bepalen of leeftijd en geslacht geassocieerd zijn met (2) radiografisch bewijs voor TMC 
artrose, en (3) radiografisch bewijs voor ernstige TMC artrose. Radiografische TMC 
artrose werd gestadieerd door middel van de 3-puntsschaal van Sodha et al.2 (“none”, 
“definite”, “destroyed TMC joint”). De prevalentie van TMC artrose nam gestaag toe tot 
85% bij patiënten tussen 71 en 80 jaar en bereikte 100% bij vrouwen van 91 jaar en ouder 
(50% van hen werd geclassificeerd als ernstig [“severe”]) en 93% bij mannen van 81 jaar 
en ouder. Ernstige artrose kwam bij vrouwen vaker voor op jongere leeftijd. Bij vrouwen 
en mannen van 81 jaar en ouder werd artrose gezien bij respectievelijk 35% en 34%. 
Logistische regressie analyse identificeerde hogere leeftijd als de sterkste voorspeller voor 
radiografische TMC artrose, maar geslacht was ook een voorspeller.

Idiopathische TMC artrose is onderdeel van een normaal ouderdomsproces die 66% 
van volwassenen van 50 jaar of ouder treft en iedereen van 90 jaar of ouder. In vergelij-
king met Sodha en collega’s2 identificeerde deze studie iets meer artrose bij mannen en 
minder ernstige artrose bij vrouwen van vergelijkbare leeftijd, maar onze grotere studie 
bevestigde hun eerdere bevindingen. Verscheidene factoren zouden de discrepanties 
kunnen verklaren tussen de radiografische prevalentie die wij en Sodha et al.2 vonden 
en lagere prevalenties die de meeste handchirurgen citeren. In de eerste plaats werd in 
de meeste voorafgaande studies gekeken naar een enkele leeftijd als afkappunt in plaats 
van naar het spectrum van alle leeftijden. Daarnaast gebruikten de meeste andere studies 
alleen een röntgenfoto in PA richting en het Kellgren and Lawrence classificatie systeem 
die niet specifiek is voor het TMC gewricht3,5,8-10. Tenslotte hebben studies die röntgen-
foto’s van patiënten met een distale radiusfractuur gebruiken waarschijnlijk een betere 
representatie van oudere patiënten dan eerdere studies.

Gezien de complexe vorm en schuine positie van het trapezium kan het radiografisch 
gezien uitdagend zijn de articulaties van het trapezium te interpreteren. Daarom zouden 
sommigen kunnen beargumenteren dat PA, schuine, en laterale röntgenopnames het 
TMC gewricht niet zo goed weergeven als een Robert of Bett (opname van alle vier de 
trapeziale articulaties) opname. Echter, beoordelaars in onze studie vonden meer artrose 
op basis van de PA, schuine, en laterale röntgenfoto’s dan andere studies die de Sodha 
classificatie niet gebruikten. Daarnaast is gebleken dat de interbeoordelaar betrouwbaar-
heid van de E-G of Eaton-Littler classificatie op basis van drie röntgenopnames van de 
duim waaronder een Bett opname, slechts middelmatig is11,12. Hoofdstuk 8 toonde ook 
middelmatige interbeoordelaar betrouwbaarheid van de E-G classificatie aan op basis van 



Dutch Summary and Discussion 199

11

Robert, echte laterale, en schuine opnames. Daarentegen toonde Ladd et al.13 substantiële 
interbeoordelaar betrouwbaarheid van een combinatie van de E-G en Eaton-Littler clas-
sificatie op basis van Robert, PA, laterale, en “stress” opnames. Het is echter onduidelijk 
welke factoren gerelateerd zijn aan de hogere interbeoordelaar betrouwbaarheid.

Wij voelden de behoefte de studie van Sodha et al.2 te herhalen in een groter cohort 
om de bevinding te staven dat TMC artrose onlosmakelijk deel uitmaakt van het men-
selijk ouderdomsproces. Deze studie onderbouwt die bevinding. Aangezien slechts drie 
patiënten (0,1%) in dit grote cohort bewijs hadden voor eerdere chirurgie aan het TMC 
gewricht, lijkt het erop dat de meeste mensen zich aanpassen aan het hebben van TMC 
artrose zonder operatieve behandeling.

In hoofdstuk 3 werd het verschil in TMC artrose gerelateerde symptomen en subjectieve 
functionele beperkingen onderzocht tussen 64 patiënten die behandeld wilden worden 
voor symptomen van TMC artrose en 64 patiënten met een incidentele diagnose van 
TMC artrose. Voor beide groepen werd de diagnose gebaseerd op crepitatie van het 
TMC gewricht (waargenomen door de chirurg) tijdens lichamelijk onderzoek. Er was 
substantiële variabiliteit in symptomen en subjectieve functionele beperkingen bij 
patiënten met symptomatische TMC artrose, maar ook bij patiënten die zich meldden 
voor behandeling van TMC artrose en degenen die een incidentele diagnose kregen. 
Patiënten die zich presenteerden voor behandeling van TMC artrose hadden significant 
meer TMC artrose gerelateerde symptomen en subjectieve functionele beperkingen dan 
patiënten met een incidentele diagnose van TMC artrose. Symptomatische patiënten 
hadden ook meer last van catastrofaal denken, minder “pain self-efficacy” (“coping” met 
pijn), en depressieve symptomen dan patiënten met een incidentele diagnose. Het beste 
multivariate lineaire regressie model voor minder TMC artrose gerelateerde symptomen 
en subjectieve functionele beperkingen verklaarde 74% van de variabiliteit en bevatte: 
patiënten met incidentele diagnose TMC artrose, mannelijk geslacht, geen andere pijn-
lijke aandoeningen, minder catastrofaal denken, en minder depressieve symptomen. Een 
incidentele diagnose TMC artrose (25%) en meer adaptieve “coping” strategieën (minder 
catastrofaal denken, 5%) droegen het meeste bij aan minder symptomen en subjectieve 
functionele beperkingen.

Eerder onderzoek heeft aangetoond dat een substantieel deel van patiënten met radio-
grafische TMC artrose asymptomatisch is3,6,7. Het is een geruststellende gedachte voor pa-
tiënten en artsen dat de meeste mensen met radiografische TMC artrose niet voldoende 
symptomen zullen hebben om medisch advies in te winnen. Onze studieresultaten 
onderbouwen de overtuiging dat een substantieel deel van mensen met TMC artrose 
geen hulp zoekt en dragelijke symptomen en beperkte mate van functionele beperkingen 
ervaart. In combinatie met het feit dat “coping” strategieën de sterkste voorspellers zijn 
voor TMC artrose gerelateerde symptomen en subjectieve functionele beperkingen. Het 
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laatste is in overeenstemming met eerder onderzoek14 en bevindingen in hoofdstuk 5 
en 6. Een en ander suggereert dat een optimale mentaliteit (“mindset”) aanpassing aan 
TMC artrose kan faciliteren. In de toekomst moet worden onderzocht of training in ef-
fectievere gedachten en gedrag in reactie op pijn, symptomen en subjectieve functionele 
beperkingen kan verminderen bij patiënten met TMC artrose.

Hoofdstuk 4 presenteert de ontwikkeling en preliminaire validatie van de “Trapezio-
metacarpal Arthrosis Symptoms and Disability” (TASD) vragenlijst, vervaardigd om 
symptomen en subjectieve functionele beperkingen ter plaatse van het TMC gewricht 
te meten. Vragen werden gegenereerd met hulp van patiënten, artsen en tekstboeken, 
en teruggebracht naar 12 vragen met goede “face validity”. Vervolgens werden Engels-
sprekende patiënten van 50 jaar en ouder geïncludeerd in één van de twee groepen (groep 
1: 64 patiënten die zich presenteerden voor behandeling van TMC artrose; groep 2: 64 
patiënten die een incidentele diagnose van niet eerder gediagnosticeerde TMC artrose 
kregen bij presentatie voor een andere, niet duim gerelateerde aandoening).

De uiteindelijke vragenlijst bevat 12 vragen en 2 subschalen, zoals bevestigd door de 
“principal component analysis”: symptomen (7 vragen) en “disability” (5 vragen). De 
interne consistentie (“internal consistency”) van de subschalen was goed tot uitstekend 
in beide groepen. De TASD toonde goede “convergent validity” zoals bewezen door 
middelmatige tot goede correlaties tussen beide subschalen en subjectieve functionele 
beperkingen van bovenste extremiteiten, pijnintensiteit, depressieve symptomen, “self-
efficacy” en knijpkracht (groep 1). De TASD had ook goede “discriminant validity en 
goede “known-groups validity”.

Symptomen en subjectieve functionele beperkingen ter plaatse van het TMC gewricht 
worden over het algemeen bepaald met algemene meetinstrumenten die mogelijk niet 
accuraat kunnen onderscheiden tussen TMC artrose specifieke klachten en klachten van 
andere hand- en armaandoeningen15. Een vragenlijst specifiek voor het TMC gewricht 
kan mogelijk responsiever (klinisch relevante veranderingen kunnen detecteren en onder-
scheiden van meetfout) zijn dan vragenlijsten voor de hand of bovenste extremiteiten15. 
Dit kan de meting van TMC artrose specifieke behandelingseffecten faciliteren. De TASD 
is bruikbaar voor het meten van symptomen en subjectieve functionele beperkingen die 
gerelateerd zijn aan TMC artrose, heeft een simpel scoringssysteem en “administration 
mode” (zelf in te vullen door patiënten) en is beknopt en kosteloos.

De responsiviteit (“responsiveness”) van de twee subschalen en de “test-retest” 
betrouwbaarheid moeten worden getoetst in aanvullende studies. Daarnaast zijn toe-
komstige studies van niet-gerelateerde en grotere groepen nodig om de psychometrische 
eigenschappen en “factor structure” te valideren en de TASD te vergelijken met andere 
vragenlijsten die gevalideerd zijn voor gebruik bij patiënten met TMC artrose.
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Behandeling

Er is geen curatieve behandeling voor TMC artrose; alle behandelingen zijn op hun best 
palliatief. Er is geen consensus over de beste behandeling voor TMC artrose16.

Hoofdstuk 5 presenteert een prospectieve, gerandomiseerde [1:1] gecontroleerde kli-
nische studie die arm gerelateerde subjectieve functionele beperkingen (Disabilities of 
the Arm, Shoulder and Hand [DASH] vragenlijst) vergelijkt tussen een geprefabriceerde 
neoprene en op maat gemaakte thermoplastische “hand-based thumb spica” spalk 5 
tot 15 weken na het voorschrijven aan patiënten met TMC artrose. Nadat “informed 
consent” was verkregen, werden 119 patiënten willekeurig toegewezen aan een neoprene 
of thermoplastische spalk die het metacarpofalangeaal gewricht omvatte en het inter-
falangeale gewricht vrij liet. Tweeënzestig patiënten (32 met een neoprene en 30 met 
een thermoplastische spalk) voltooiden de studie, 51 patiënten (43%) kwamen niet terug 
voor een tweede afspraak, en 6 voltooiden de studie niet vanwege andere redenen. Dege-
nen die het onderzoek niet afmaakten, waren significant jonger dan de degenen die het 
onderzoek wel afrondden. Gemiddeld beoordeelde deze laatste groep de neoprene spalk 
als comfortabeler, maar er waren geen meetbare verschillen in DASH, verandering in 
DASH, pijn, tevredenheid, en knijp- of grijpkracht tussen de twee typen spalken in onze 
studiegroep. Depressieve symptomen en catastrofaal denken correleerden middelmatig 
met de DASH tijdens inclusie en met pijn bij follow-up. Depressieve symptomen en ver-
hoogde bezorgdheid ziek te zijn (“heightened illness concern”) correleerden middelmatig 
met de DASH tijdens follow-up.

De neoprene spalk werd als comfortabeler beschouwd zoals eerdere studies ook al 
lieten zien17,18, maar anderszins was de neoprene spalk vergelijkbaar met de thermoplas-
tische spalk in onze studiegroep. Spalken verminderen pijn van TMC artrose significant 
maar middelmatig zoals aangetoond in deze en eerdere studies19,20. De meeste patiënten 
kwamen niet terug of vervolgden nonoperatieve behandeling (slechts 9% van alle geïn-
cludeerde patiënten onderging een operatieve behandeling binnen de eerste 4 jaar na 
het voorschrijven van de spalk). Dus op z’n minst verschaffen spalken patiënten de tijd 
om te reflecteren over hun ziekte en zich hieraan aan te passen. Een eerdere studie door 
Berggren et al.21 laat zien dat slechts 30% van 33 patiënten een operatie onderging na 
handtherapie gedurende een follow-up periode van 7 maanden, en nog slechts 2 andere 
patiënten verzochten om een operatieve behandeling na 7 jaar, gedurende deze periode 
overleden 4 patiënten.

De bevinding dat neoprene spalken gemiddeld iets comfortabeler zijn en anderszins 
vergelijkbaar met de thermoplastische spalken, impliceert dat chirurgen en therapeuten 
patiënten zelf de spalk van hun voorkeur kunnen laten kiezen, minder tijd kunnen be-
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steden aan het discussiëren over de technische aspecten van de verscheidene spalken en 
meer tijd aan het coachen van patiënten.

In hoofdstuk 6 is geëvalueerd of het type injectie (corticosteroïd versus placebo) een 
voorspeller is van de DASH of pijnintensiteit 1 tot 3 maanden na injectie met dexametha-
son of placebo voor behandeling van TMC artrose of de Quervain syndroom. Na inclusie 
werden 36 Engelssprekende volwassenen met TMC artrose of de Quervain syndroom 
gerandomiseerd om ofwel een dexamethason of een placebo injectie te krijgen. De 
follow-up van patiënten was gemiddeld 1,4 ± 0,42 maanden (wisselend van 0,79–2,5 
maanden) na de injectie. Type injectie was geen voorspeller van de DASH of pijninten-
siteit tijdens follow-up. Het beste regressiemodel zowel voor de DASH als pijnintensiteit 
tijdens follow-up bevatte catastrofaal denken over pijn en verklaarde respectievelijk 18% 
en 33% van de variabiliteit.

Catastrofaal denken was een betere voorspeller van de DASH en pijnintensiteit dan 
diagnose of type injectie (corticosteroïd versus placebo) 1 tot 3 maanden na een injectie. 
Dit is in overeenstemming met uitgebreid onderzoek over pijnlijke aandoeningen van het 
bewegingsapparaat dat consistent aantoont dat psychosociale factoren zoals catastrofaal 
denken (of lagere “self-efficacy”) meer verklaren over de variatie in pijnintensiteit en sub-
jectieve functionele beperkingen dan pathofysiologie en biomedische behandelingen22-26. 
Hoofdstuk 3 en 5 vonden ook dat “coping” strategieën voorspellers zijn van symptoom-
intensiteit en de ernst van subjectieve functionele beperkingen.

Een systematisch literatuuroverzicht (“systematic review”) van gerandomiseerde ge-
controleerde trials (RCT’s) in het kader van conservatieve behandeling van TMC artrose 
leidde tot de conclusie dat er enig bewijs is dat zowel corticosteroïd als hyaluronzuur 
injecties pijn kunnen reduceren, maar de meeste van de geïncludeerde studies conclu-
deerden dat hyaluronzuur injecties een langduriger effect leken te hebben met een tragere 
start dan corticosteroïd injecties20. Echter, geen van de twee gerandomiseerde placebo 
injectie gecontroleerde trials die placebo vergeleken met corticosteroïd injecties, heeft 
een voordeel aangetoond van corticosteroïd injectie ten opzichte van placebo injectie 
voor TMC artrose27,28. Daarnaast hadden studies een korte follow-up periode met een 
maximum van een jaar in één van de geïncludeerde studies20. Een RCT van Monfort et 
al.29 (niet geïncludeerd in het systematische literatuuroverzicht van Spaans et al.20) ver-
geleek om de zeven dagen in totaal drie lokale injecties met ofwel hyaluronzuur (n = 48) 
of bethametason (n = 40) maar vond geen significant verschil tussen de injectiegroepen 
gedurende een follow-up van zes maanden. Gerandomiseerde placebo injectie gecontro-
leerde trials met meer patiënten en langere follow-up periodes zijn nodig om “evidence-
based medicine” conclusies te trekken20.
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Variatie in Behandeling

Er bestaan aanzienlijke variaties in de allocatie en het gebruik van medische middelen 
en behandelingen tussen behandelaars die niet te rechtvaardigen zijn. De variaties zijn 
moeilijk te verklaren op basis van pathofysiologie, risicofactoren of voorkeuren van de 
patiënt30-33. Alhoewel artsen mogelijk geloven dat ziektekosten grotendeels buiten hun 
controle liggen, spreekt de regionale variatie in ziektekosten dit tegen34. De omvang van 
de variatie en het aantal betrokken patiënten suggereert een aanzienlijke potentie om 
ziektekosten te verlagen door de variatie in praktijkvoering te verminderen.

Om deze aanname te testen, evalueert hoofdstuk 7 variatie in praktijkvoering en gerela-
teerde ziektekosten binnen drie geaffilieerde ziekenhuizen in één Amerikaanse stad het 
eerste jaar na diagnose van handartrose bij patiënten. Binnen een tijdsbestek van vijf jaar 
werden 2814 patiënten die een nieuwe diagnose van primaire handartrose kregen van één 
van zes handchirurgen geïdentificeerd door middel van de onderzoeksdatabase van de 
drie ziekenhuizen. Voorspellers van verhoogde ziektekosten waren jongere patiëntleeftijd, 
consultatie van een tweede handchirurg en behandeling door bepaalde handchirurgen. 
Er waren grote verschillen tussen het gemiddelde aantal afspraken (anderhalf maal), 
beeldvormingsonderzoeken (driemaal), gebruik van injecties (51 maal), handtherapie 
(tweemaal) en rato chirurgische ingrepen (zevenmaal) per handchirurg. Honderdtwintig 
patiënten (4,3%) consulteerden een tweede handchirurg binnen het eerste jaar nadat 
handartrose was vastgesteld en dit verklaarde 8,1% van de totale kosten.

De resultaten van deze studie suggereren dat gebruik van medische middelen en 
behandelingen sterk verschillen tussen handchirurgen die patiënten met handartrose 
behandelen. Dit leidt tot de conclusie dat artsenattitudes een buitensporige invloed heb-
ben op de medische besluitvorming30. De besluitvorming van artsen wordt in meer of 
mindere mate beïnvloed door de ernst van symptomen en subjectieve functionele be-
perkingen van patiënten, het beschikbare bewijs en richtlijnen. Zogenoemde “decision 
aids” (keuzehulpmiddelen) zijn ontwikkeld met de intentie om patiënten te voorzien van 
gebalanceerde en emotieloze informatie zodat zij hun probleem kunnen begrijpen, de 
behandelopties, risico’s, voordelen en alternatieve behandelingen kunnen overzien en 
weloverwogen een beslissing kunnen nemen die aansluit bij hun voorkeuren, waarden 
en behoeften. Keuzehulpmiddelen—online, op papier of op video—verhogen patiënt-
participatie in het “shared decision-making process” (gedeelde besluitvormingsproces)35, 
en hebben geresulteerd in 20% vermindering van electieve chirurgie in andere klinische 
gebieden36-38.

Patiënten die meerdere handchirurgen zagen, hadden bijna twee keer hogere ziek-
tekosten en bijna drie keer grotere waarschijnlijkheid dat ze een operatie ondergingen 
zonder ernstigere objectieve pathofysiologie vergeleken met patiënten die één hand-
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chirurg consulteerden. Dit suggereert dat het kleine percentage patiënten dat chirurgie 
als de beste optie ziet mogelijk chirurgen opzoeken die vaker een operatie aanbieden. 
Het zogenaamde “doctor shopping” fenomeen is onderzocht in andere gebieden en is 
geassocieerd met lagere patiënttevredenheid en verslaving aan opioïden39,40. Toekomstig 
onderzoek zou zich moeten focussen op factoren die geassocieerd zijn met een “second 
opinion” binnen de handchirurgie en invloed op uiteindelijke symptomen en subjectieve 
functionele beperkingen van patiënten. Wij hopen verder dat identificering van de sub-
stantiële variaties in gebruik van medische middelen en gerelateerde kosten bewustzijn 
zal bevorderen en zal leiden tot onderzoek naar optimaal gebruik van middelen.

In hoofdstuk 8 is de interbeoordelaar betrouwbaarheid van de radiografische (gemo-
dificeerde) E-G classificatie getest onder 92 handchirurgen van de “Science of Variation 
Group” (SOVG), een online samenwerkingsverband waarbij 30 röntgenfoto’s (Robert, 
echte laterale, en schuine opname) zijn bekeken van patiënten gediagnosticeerd met 
TMC artrose. Tweeënveertig beoordelaars werden willekeurig (gerandomiseerd) 
toegewezen om alleen röntgenfoto’s te bekijken en 50 beoordelaars werden ook geïn-
formeerd over de patiënt’s symptomen en lichamelijke bevindingen. De informatie over 
symptomen en lichamelijk onderzoek was gerandomiseerd. Het verkorten van de E-G 
classificatie tot alleen de eerste drie stadia (elimineren van de evaluatie van het scap-
hotrapeziale [ST] gewricht) verbeterde significant de interbeoordelaar betrouwbaarheid 
die substantiële betrouwbaarheid benaderde (s* = 0,60). Het verstrekken van informatie 
over patiënt’s symptomen en lichamelijke bevindingen aan beoordelaars verbeterde de 
interbeoordelaar betrouwbaarheid slechts marginaal. Factoren geassocieerd met minder 
ernstige radiografische TMC artrose (lager E-G stadium) waren: vrouwelijke chirurg, 
soort praktijk (academisch ziekenhuis, perifeer ziekenhuis of privé kliniek), supervise-
ren van arts-assistenten op de operatiekamer, aantal patiënten met TMC artrose die de 
chirurg jaarlijks typisch behandelt, mannelijke patiënt, hogere patiëntleeftijd, pijn die 
dagelijkse activiteiten beïnvloedt, en “shoulder sign”. De enige variabele geassocieerd met 
een hogere gemodificeerde E-G classificatie om ST artrose te beoordelen was jaarlijks 
meer patiënten behandelen met TMC artrose.

Een beperking van de E-G classificatie is dat ST artrose alleen aanwezig kan zijn in sta-
dium 4 ondanks dat ernstige ST artrose gezien kan worden met het gehele spectrum van 
radiografische TMC artrose6,41. De interbeoordelaar betrouwbaarheid van het E-G clas-
sificatie systeem was eerder gemeten in vier andere studies met slechts 5 of 6 beoordelaars 
op basis van verschillende soorten en variërend aantal röntgenfoto’s, zelfs CT scans11,42-44. 
Betrouwbaarheid is zeer variabel in zulke kleine studies11-13,42-44. Het belangrijkste verschil 
tussen onze studie en vorige interbeoordelaar studies over de E-G classificatie is het grote 
aantal beoordelaars en het feit dat zij allen chirurg zijn. Onze bevindingen suggereren 
dat simpelere classificaties die op één enkel anatomisch gebied focussen betrouwbaarder 
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zijn. Deze aanname is consistent met studies over distale radius- en scapulafractuur clas-
sificaties waarbij simpelere classificaties betrouwbaarder zijn45-49.

Het verschil in interbeoordelaar betrouwbaarheid van de E-G classificatie tussen beoor-
delaars die ook van klinische informatie waren voorzien in plaats van alleen röntgenfoto’s 
was marginaal en het is mogelijk een onterechte bevinding. Wij weten niet of informatie 
over symptomen en lichamelijke bevindingen de nauwkeurigheid verbetert. Het is dan 
ook onzeker of de verbetering in betrouwbaarheid wenselijk is omdat we het met elkaar 
eens kunnen zijn maar het nog steeds fout kunnen hebben. Symptoomintensiteit en 
ernst van subjectieve functionele beperkingen variëren substantieel tussen mensen met 
vergelijkbare pathofysiologie van TMC artrose50. Pijn die dagelijkse activiteiten beïn-
vloedt, wordt vaak gerapporteerd door patiënten met een lager E-G stadium en sommige 
patiënten met ernstige artrose zijn zich er niet eens van bewust3,6,51-53. Daarom hadden wij 
verwacht dat het geven van klinische informatie de betrouwbaarheid zou verminderen in 
plaats van verbeteren. Immers, de interpretatie van de chirurg zou hierdoor bevooroor-
deeld kunnen worden. Deze studie toonde echter het tegenovergestelde aan.

Er is steeds meer bewijs dat ‘chirurg en patiënt’ eigenschappen de interpretatie van 
objectieve pathofysiologie, zoals radiografische bevindingen, kunnen beïnvloeden. De in 
deze studie gevonden ‘chirurg’ eigenschappen die geassocieerd zijn met de beoordeling 
van de radiografische ernst van artrose, weerspiegelen mogelijk (deels) andere oorzaken 
van interbeoordelaar variatie zoals cultuur, opleiding en blootstelling of ervaring.

Het lijkt aannemelijk dat chirurgen meer vertrouwen op hun eigen ervaring of intuïtie 
dan op de exacte definitie van de E-G classificatie, een andere oorzaak van interbeoorde-
laar variatie.

In hoofdstuk 9 zijn eigenschappen die de grootste invloed hebben op het behandeladvies 
van de chirurg bestudeerd om inspanningen te bevorderen die variaties tussen chirurgen 
in behandeling van TMC artrose trachten te verminderen. Tweeënveertig beoordelaars 
werden willekeurig gerandomiseerd om behandeladvies te geven op basis van alleen 
klinische informatie en 50 om behandeladvies te geven op basis van klinische informatie 
alsook röntgenfoto’s van 30 patiëntcasus met TMC artrose. Een grote willekeurige verza-
meling van patiëntcasus werd gecreëerd door willekeurige toewijzing van fictieve patiënt-
karakteristieken (behalve voor geslacht, leeftijd, en röntgenfoto’s) aan iedere patiëntcasus 
elke keer dat een beoordelaar een patiënt beoordeelde. Gemiddeld genomen prefereerden 
chirurgen een operatieve ingreep bij 38% van de patiënten, waarbij het advies om te 
opereren extreem variabel was tussen chirurgen, van elke patiënt (100%) tot geen enkele 
patiënt (0%). Eigenschappen onafhankelijk geassocieerd met een grotere kans op een 
aanbeveling voor een operatie waren: pijn die dagelijkse activiteiten beïnvloedt, eerdere 
diagnose van TMC artrose, eerdere behandeling voor TMC artrose, meer pijn met de 
“grind” test, adductie contractuur en hyperextensie van het eerste metacarpofalangeale 
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gewricht, beoordelen van röntgenfoto’s van de duim, locatie van de praktijk (continent) 
van de chirurg, en opleiding van de chirurg.

Er is substantiële en onverklaarde variatie tussen chirurgen in de mate waarin zij 
chirurgie voor TMC artrose aanbevelen. De rol die chirurgie voor patiënten met TMC 
artrose kan spelen en de optimale techniek moeten nader onderzocht worden16,54. Belas-
ting van de ziekte (“illness burden”), praktijkvoering rond diagnostiek en patiëntattitudes 
ten aanzien van medische interventies kunnen maar een klein deel van regionale vari-
atie in chirurgie voor veelvoorkomende aandoeningen verklaren30. Het lijkt erop dat de 
behandelvariatie beter wordt verklaard door overtuigingen, voorkeuren en attitudes van 
chirurgen en de mate waarin voorkeuren van de patiënt worden meegenomen in het 
proces van besluitvorming30. Locatie van praktijk en opleiding van de chirurg weerspie-
gelen mogelijk tot op zekere hoogte overtuigingen, voorkeuren, attitudes en cultuur van 
chirurgen. Een enquête onder orthopeden en verwijzers (reumatologen en huisartsen) 
laat zien dat de helft van de totale variabiliteit met betrekking tot de meest geschikte 
kandidaat (op basis van patiëntkarakteristieken) voor een totale knieprothese kwam door 
inconsistentie in individuele opvattingen van de artsen55. Dit kan potentieel ook een rol 
spelen in de besluitvorming voor behandeling van TMC artrose.

Chirurgen waren eerder geneigd een operatie te adviseren aan patiënten met ernstigere 
symptomen en subjectieve functionele beperkingen, patiënten met een eerdere diag-
nose of behandeling en wanneer ze röntgenfoto’s te zien kregen. Chirurgen erkennen 
al lange tijd dat symptomen en subjectieve functionele beperkingen niet correleren met 
de radiografische ernst van artrose3,51,52 maar ze lijken nog steeds te adviseren op basis 
van de misconceptie dat zieker zijn altijd meer ziekte weerspiegelt en dat behandeling 
van de pathofysiologie altijd symptomen en subjectieve functionele beperkingen oplost. 
Gegeven de aanzienlijke invloed van vooroordelen van chirurgen is het nodig hieraan 
meer aandacht te besteden en additionele studies te verrichten naar methodes gericht op 
het vergroten van het patiëntenaandeel in het besluitvormingsproces. Het gebruik van 
keuzehulpmiddelen heeft op andere terreinen geresulteerd in vermindering van “dis-
cretionary” (op eigen oordeel gebaseerde), “preference-sensitive” (voorkeursgevoelige) 
chirurgie35.

Conclusie

De best bewezen risicofactor voor radiografische TMC artrose is leeftijd. Gegeven het 
feit dat TMC artrose met ouder worden bijna universeel is, kan ervan worden uitgegaan 
dat een fractie van de patiënten het probleem onder de aandacht brengt van iemand die 
werkzaam is in de gezondheidszorg, zoals het geval is bij handartrose. Bij patiënten met 
TMC artrose is er substantiële variabiliteit in waargenomen pijnintensiteit en subjectieve 
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functionele beperkingen. Patiënten met een incidentele diagnose van TMC artrose heb-
ben in vergelijking met symptomatische patiënten met TMC artrose effectievere “coping” 
strategieën. Minder effectieve “coping” strategieën (i.e. catastrofaal denken, meer 
depressieve symptomen, verhoogde bezorgdheid over ziek zijn, en minder “pain self-
efficacy”) zijn geassocieerd met symptoomintensiteit en ernst van subjectieve functionele 
beperkingen. Patiënten kunnen zelf besluiten of zij een neoprene of thermoplastische 
spalk willen omdat spalken over het algemeen vergelijkbaar zijn en pijn van TMC artrose 
significant, maar bescheiden, reduceren. Geen van de in aantal beperkte gerandomiseerde 
placebo injectie gecontroleerde trials heeft een voordeel aangetoond van corticosteroïd in 
vergelijking met placebo injecties. Er zijn meer soortgelijke studies met langere follow-
up nodig om “evidence-based” aanbevelingen te kunnen doen. Het is zorgwekkend te 
moeten constateren hoe groot de verschillen in behandeling tussen handchirurgen zijn. 
Deze variatie kan worden geminimaliseerd door de nadruk te leggen op de voorkeur van 
de patiënt en niet de voorkeur van de betrokken chirurg te laten prevaleren.

Beeld op de Toekomst

Het bewijs dat TMC artrose onvermijdelijk deel uitmaakt van het ouderdomsproces, is 
overtuigend. Het ligt voor de hand dat patiënten en behandelaars behandelopties anders 
zullen interpreteren als ze zich realiseren dat TMC artrose een gegeven is. De meeste 
mensen leren hiermee omgaan. Het is immers niet zo dat slechts een deel van de popula-
tie hiermee te maken krijgt en altijd behandeling behoeft. Aanvullende studies zijn nodig 
om te bepalen of training in betere “coping” strategieën (e.g. minder catastrofaal denken 
en minder depressieve symptomen) symptomen en subjectieve functionele beperkingen 
kan verlichten voor patiënten met TMC artrose. Cognitieve gedragstherapie is zowel 
“evidence-based” als gevalideerd bij aandoeningen van de bovenste extremiteiten56,57 en 
chronische pijnsyndromen58. Omdat dit soort therapie zowel tegen intuïtie als cultuur 
ingaat, wordt er vanuit gegaan dat een grote hoeveelheid wetenschappelijke data nodig 
zal zijn voor zowel handspecialisten als hun patiënten om een focus op optimale “coping” 
strategieën aantrekkelijk of aantrekkelijker te vinden dan een focus op pathofysiologie. 
Patiënten met pijn hebben vaak een “fix it” mentaliteit. Dit maakt de aanbeveling van een 
injectie of operatie aantrekkelijker dan adaptieve behandelmogelijkheden. Het is zelfs zo 
dat alles behalve een “quick fix” teleurstellend kan zijn en dit kan leiden tot lagere patiënt-
tevredenheid en beïnvloeding van metingen waarmee behandelaars worden geëvalueerd. 
Artsen vinden het daarbij ook moeilijk hun patiënten teleur te stellen. Andere potentiële 
barrières voor artsen om gedragstherapie te geven, zoals drijfveren (“incentives”), gebrek 
aan tijd, ineffectieve communicatieve vaardigheden en training moeten ook worden 
meegewogen en geadresseerd59. Het zou nuttig zijn meer te weten over patiënten met 
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TMC artrose die ofwel asymptomatisch zijn of hun symptomen niet onder de aandacht 
brengen van iemand die werkzaam is in de gezondheidszorg. De stijgende prevalentie 
en ernst van pathofysiologie met ouder worden die niet gerelateerd is aan werk, vrije-
tijdsbesteding, eerder letsel of andere factoren, zelfs in asymptomatische patiënten, zou 
de these ondersteunen dat TMC artrose een normaal onderdeel uitmaakt van het ouder 
worden waaraan de meerderheid van de mensen zich aanpast. Het zou de nadruk leggen 
op effectievere “coping” strategieën, hoewel eerdere studies al hebben aangetoond dat het 
gebruik van handen niet gerelateerd is aan TMC artrose3,4.

Hoofdstuk 5 laat zien dat slechts 9% van de patiënten binnen vier jaar koos voor 
chirurgie nadat een spalk was voorgeschreven (data is gecontroleerd in de negen grote 
regionale ziekenhuizen die hetzelfde elektronisch patiëntdossier hebben). Een studie van 
Berggren et al.21 laat zien dat slechts 30% van 33 patiënten die chirurgie nastreefden voor 
TMC artrose dit daadwerkelijk hebben doorgezet na handtherapie binnen de follow-up 
periode van 7 maanden. Dit en het feit dat de meeste patiënten geen medische hulp 
zoeken onderbouwen de aanname dat patiënten zich kunnen aanpassen aan het hebben 
van TMC artrose. Het is onduidelijk welke behandelmethode de beste uitkomst biedt 
aangezien niet zeker is of enige vorm van chirurgie voordelen biedt ten opzichte van geen 
chirurgie, nonoperatieve therapie of nepchirurgie (“sham surgery”). Er zijn geen studies 
gevonden door de recent bijgewerkte Cochrane review die deze vergelijkingen hebben 
gemaakt16. Idealiter zullen toekomstige studies chirurgie met nepchirurgie vergelijken 
aangezien het placebo-effect van chirurgie voor artrose bewezen is60 en behandeling van 
TMC artrose “discretionary” is. Nepchirurgie wordt in klinische studies als acceptabel 
beschouwd indien: (1) er twijfel is over de superioriteit van een behandelmethode boven 
een andere, een expert geen voorkeur heeft voor een bepaalde behandeling boven een 
andere voor een specifieke patiënt met een specifieke aandoening, of het onduidelijk is of 
een procedure meer voordelen biedt dan het placebo-effect van de “chirurgie ervaring”; 
(2) risico’s zo goed als mogelijk worden geminimaliseerd voor patiënten die een nepope-
ratie ondergaan; en (3) “informed consent” wordt verkregen van patiënten61,62. Idealiter 
zou een placebo-gecontroleerde operatieve studie een derde studiearm moeten hebben 
met “educatie en observatie” om rekening te kunnen houden met het natuurlijke verloop 
van TMC artrose of “regression to the mean” (regressie naar het gemiddelde)61.

Er moet ook gekozen worden voor het beste instrument om de behandeluitkomst te 
meten zodat studieresultaten beter met elkaar kunnen worden vergeleken. In de toekomst 
moeten studies uitwijzen of de TASD vragenlijst (hoofdstuk 4) het beste instrument is 
om TMC artrose gerelateerde symptomen en subjectieve functionele beperkingen weer te 
geven en of deze kan worden gebruikt om de behandeluitkomst vast te stellen.

Studies hebben aangetoond dat het gebruik van kwalitatief goede “decision aids” kan 
leiden tot verhoogde kennis van risico’s en voordelen bij de patiënt, nauwkeuriger in-
zicht in risico’s door de patiënt, grotere patiënttevredenheid met het besluit, verhoogde 
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deelname van de patiënt in de besluitvorming (“shared decision-making”), makkelijkere 
besluitvorming voor patiënten, minder patiënten die passief of onbeslist overblijven en 
grotere patiënttevredenheid met het uiteindelijke besluit35. Keuzehulpmiddelen reduceren 
ook de subjectieve variabiliteit en optimaliseren het gebruik van middelen maar ze zijn 
nog maar nauwelijks toegepast binnen de handchirurgie. Toekomstige studies moeten 
zich richten op het gebruik van keuzehulpmiddelen voor patiënten met TMC artrose en, 
indien bewezen dat deze waardevol zijn, dienen deze te worden geïmplementeerd in de 
kliniek.

Wij menen dat meer besef, groeiende “evidence-based medicine”, en gebruik van 
keuzehulpmiddelen binnen de handchirurgie de variatie in medische dienstverlening en 
gerelateerde kosten tussen behandelaars zullen verminderen. Artsen streven ernaar hun 
patiënten op grond van hun kennis en vaardigheden zo goed mogelijk te adviseren en 
behandelen. Patiënten dienen in de gezondheidszorg centraal te staan maar helaas blijkt 
in de praktijk “patient-centered care”, met “shared decision-making” als toppunt, niet de 
standaard zorg te zijn die wordt geboden. Laten wij er voor zorgen dat wij routinematig 
“patient-centered care” geven!
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