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Background: Although nonsurgical treatment of thumb carpometacarpal (CMC-1) osteoarthritis (OA) provides short-term
improvement, the durability of these effects beyond 1 year is unknown. In this study, we investigated patient-reported pain
and limitations in activities of daily living (ADL) at >5 years following nonsurgical treatment (i.e., exercise therapy and use
of an orthosis) for CMC-1 OA. We hypothesized that pain and limitations in ADL would not worsen after 12 months.
Secondary outcomes were satisfaction with treatment results and health-related quality of life at >5 years of follow-up and
the rate of conversion to surgery.

Methods: This was a multicenter, prospective cohort study using 2 overlapping samples. The change in the Michigan
Hand Outcomes Questionnaire (MHQ) subscales of pain and ADL between 12 months and >5 years was the primary
outcome as measured in the first sample (n = 170), which consisted of patients who did not undergo conversion to
surgery. Additional measurement time points included baseline and 3 months. We evaluated conversion to surgery in a
second sample, which included all patients who responded to the invitation for this follow-up study (n = 217).

Results: At a median follow-up of 6.6 years (range, 5.1 to 8.7 years), the score on the MHQ pain subscale did not differ
significantly from that at 12 months. The score on the MHQ ADL improved by 4.4 points (95% confidence interval [CI],1.5
to 7.2) compared with 12 months, but this was not clinically relevant. At >5 years, 5% of the patients rated their
satisfaction as “poor,” 14% as “moderate,” 26% as “fair,” 39% as “good,” and 16% as “excellent.” Themedian EuroQol-5
Dimensions-5 Levels (EQ-5D-5L) index score was 0.852 (range, 0.135 to 1). The rate of conversion to surgery was 22%
(95% CI,16.4% to 27.7%) at a median follow-up of 7 years (range, 5.5 to 9.0 years).

Conclusions: We found positive outcomes at >5 years of follow-up for nonsurgical treatment of CMC-1 OA, with no
worsening of pain or of limitations in ADL after 12 months. Our findings support nonsurgical treatment as the first
treatment choice and suggest that treatment effects are sustainable.

Level of evidence: Therapeutic Level II. See Instructions for Authors for a complete description of levels of evidence.

O
steoarthritis (OA) of the thumb carpometacarpal joint
(CMC-1) is a common disorder with a symptomatic
prevalence of 7% for females and 2% for males >50

years of age1-3. Because of the aging population, the number of
patients with CMC-1 OA is expected to increase3,4. CMC-1 OA
often results in pain, limitations in activities of daily living
(ADL), reduced quality of life, thenar muscle wasting, and/or
thumb deformity1,2.

Most guidelines for the management of CMC-1 OA
advise starting with nonsurgical treatment, such as the use of an
orthosis, corticosteroid injections, analgesics, exercise therapy,
or a combination of these treatments5-7. Surgery can be con-
sidered when nonsurgical treatment fails to sufficiently relieve
symptoms7-9.

Although short-term effectiveness has been demon-
strated for the combination of exercise therapy and orthosis

*A list of The Hand-Wrist Study Group members is included as a note at the end of this article.

Disclosure: TheDisclosure of Potential Conflicts of Interest forms are provided with the online version of the article (http://links.lww.com/JBJS/H688).

Copyright � 2023 The Authors. Published by The Journal of Bone and Joint Surgery, Incorporated. All rights reserved. This is an open access article
distributed under the Creative Commons Attribution License 4.0 (CC-BY), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

1837

COPYRIGHT � 2023 THE AUTHORS. PUBLISHED BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED. ALL RIGHTS RESERVED

J Bone Joint Surg Am. 2023;105:1837-45 d http://dx.doi.org/10.2106/JBJS.22.01116

http://links.lww.com/JBJS/H688
http://creativecommons.org/licenses/by/4.0/


use7,10-12, the long-term effects are unknown7,11,13,14. Exercise
therapy can optimize thumb positioning and improve use in
daily life, with a known treatment effect up to 1 year11.
Because of the chronic nature of CMC-1 OA, knowledge
of the long-term outcomes is needed to provide patients
and clinicians with greater insight into the durability of
nonoperative management. As treatment focuses on stable
thumb positioning and improved use in daily life, we hy-
pothesized that the treatment effects of exercise therapy plus
use of an orthosis remain stable from 1 year up to at least
5 years and that this treatment thus offers a sustainable
solution. Furthermore, while guidelines advise initial non-
surgical treatment to potentially avoid surgery, the actual
long-term conversion to surgery has been poorly de-
scribed. Few studies have reported on conversion to sur-
gery and typically have had a follow-up of approximately 2
years11,15,16. Avoiding surgery is important if possible because
of the lengthy associated rehabilitation, costs, and outcome
variation; the results are not always to the patients’
satisfaction17.

In the current study, we investigated pain and limita-
tions in ADL following nonsurgical treatment (consisting of
exercise therapy and use of an orthosis) for CMC-1 OA at >5
years and tested the hypothesis that these outcomes would not
deteriorate after 12 months in patients who did not convert to
surgery. Secondary and exploratory outcomes included sat-
isfaction with treatment results and health-related quality of
life at >5 years, and the rate of conversion to surgery following
nonsurgical treatment of CMC-1 OA.

Materials and Methods
Study Design and Setting

This was a multicenter, prospective cohort study that fol-
lowed the guidelines of the STROBE (Strengthening the

Reporting of Observational Studies in Epidemiology) state-
ment18. All patients provided informed consent, and the in-
stitutional review board approved the study.

Data were collected during the study period at Xpert
Clinics, comprising 8 specialized hand clinics with 18 hand
surgeons in The Netherlands. Outcomes up to 12 months were
routinely measured using GemsTracker (GEneric Medical
Survey Tracker) software (Erasmus and Equipe Zorgbe-
drijven); details of our data collection were previously pub-
lished10,11,19. On the basis of the combination of the patient’s
diagnosis and selected treatment, each patient was assigned
a “measurement track,” which includes predefined measure-
ments at predefined time points20. For the current study, patients
were invited to complete prospectively distributed question-
naires >5 years after treatment onset.

Participants
All patients were diagnosed with CMC-1 OA by hand sur-
geons on the basis of symptoms and physical examination
and referred for hand therapy between January 2011 and
October 2015. Radiographs are usually made but not rou-
tinely recorded. We invited patients to participate in this

follow-up study if they had completed the visual analog
scale (VAS) for pain at rest, pain during activities, and
function, and the Michigan Hand Outcomes Questionnaire
(MHQ) at baseline and 3 months as part of their routine out-
come assessments.

We used 2 overlapping samples in this study, whereby
sample 1 was a subset of sample 2. In sample 1, we studied
pain and limitations in ADL of patients who did not have
surgery. We used sample 2 to evaluate conversion to surgery.
For both samples, we included adult patients with complete
sociodemographic data at baseline, scores on the MHQ at
baseline and 3 months, and data from our follow-up ques-
tionnaires at >5 years. Exclusion criteria for both samples
were CMC-1 surgery before nonsurgical treatment, posttrau-
matic CMC-1 OA, a simultaneous intervention for another
hand or wrist comorbidity, and a corticosteroid injection
<6 weeks before treatment. For sample 1, an additional cri-
terion was that the patient did not undergo conversion to
surgery. Information regarding these criteria was extracted
from patient records and our data collection system.

Intervention
Trained hand therapists carried out the treatment at the 8
specialized hand clinics. Treatment was based on the local
and Dutch treatment guidelines, generally consisting of the
use of a custom-made or prefabricated orthosis, weekly 25-
minute therapy sessions including exercises and education to
achieve a more stable opposition position, and daily exer-
cises5. A detailed description of the treatment is presented in
Appendix 1. Treatment frequency and duration differed by
patient and were determined by the therapist in conjunction
with the patient, inherent to the study’s observational
nature.

Measurements
Baseline demographics, including sex, age, type of work, hand
dominance, affected hand, and symptom duration, were re-
trieved from our database.

The primary outcome was the change in pain and lim-
itations in ADL between 12 months and >5 years. Pain and
limitations in ADL were routinely measured with the MHQ
subscales of pain and ADL at baseline, 3 months, and 1 year.
For this study, additional MHQ data were collected pro-
spectively at >5 years. The MHQ has high internal consis-
tency, validity, and acceptable reliability21. Scores on theMHQ
subscales of overall hand function, work performance, aes-
thetics, and satisfaction with hand function were secondary
outcomes21,22. MHQ scores range from 0 to 100; higher scores
indicate better performance for all subscales except pain. We
reversed the pain subscale to ease interpretation, and thus
higher scores indicate better performance for all subscales.
The MHQ pain and ADL subscales have a minimal important
change (MIC) of 8 and 6, respectively, for nonsurgically
treated CMC-1 OA23.

In addition to the MHQ, other questionnaires were dis-
tributed at the >5-year time point. We used the valid and reliable
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Satisfactionwith Treatment Result Questionnaire, which evaluates
satisfaction with treatment results on a 5-point Likert scale
(poor, moderate, fair, good, and excellent) and asks whether
the patient would undergo the treatment again under similar
circumstances24.

The EuroQol-5 Dimensions-5 Levels (EQ-5D-5L) was
used to measure health-related quality of life (HRQoL) at >5

years. Scores on the EQ-5D index are anchored at 1 (full health)
and 0 (a state as bad as death; lower values indicate even worse
health states)25,26. The EQ-5D-5L had good reliability, validity,
and moderate responsiveness in patients with upper-extremity
disorders27.

Data on conversion to surgery within our clinics were
extracted from patient records and our database of all patients

Fig. 1

Flowchart for the study. CMC-1= thumb carpometacarpal joint, OA = osteoarthritis, andMHQ=Michigan HandOutcomesQuestionnaire. Note that sample

1 is a subset of sample 2.
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in sample 2. Additionally, we used a survey to ask patients at >5
years whether they had undergone surgery for their CMC-
1 OA.

Statistical Analysis
A sample size analysis based on our 4 repeated measures, a
conventional effect size of 0.2528, alpha = 0.025 (based on a
Bonferroni correction for the 2 primary outcomes of pain
and ADL), and a power of 0.80 indicated that 49 participants
were required. This was well below the achieved sample of
170.

We used linear mixed models with the MHQ subscales of
pain and ADL as dependent variables and the time points as a
fixed factor for sample 1. We also performed the same analyses
for the other MHQ subscales. Assumptions were checked using
residual plots and normal probability plots.

We performed a nonresponder analysis to investigate
whether patients with missing values systematically differed
from those without missing values, by comparing demo-
graphics and primary outcomes at baseline and 3 months
between the participants who completed the MHQ at >5 years
(defined as responders) and the participants who did not
(defined as nonresponders), using t tests and chi-square tests.
We performed a similar nonresponder analysis for missing
data at 12 months. Additionally, we performed a Little’s test,
which assesses the null hypothesis that the data are missing
completely at random29,30.

We report descriptive statistics for HRQoL and satis-
faction with treatment in sample 1 at >5 years. We report
the rate of conversion to surgery and used a Kaplan-Meier
survival curve to display the time, in months, at which patients
in sample 2 decided to undergo conversion to surgery. All
analyses were performed using R (version 4.0.3; R Foundation
for Statistical Computing).

Source of Funding
No external funding was received for this study.

Results

We invited 552 patients to participate in this study on
the basis of their earlier assigned measurement track.

We excluded 87 patients without CMC-1 OA, with trau-
matic CMC-1 OA, hand-related comorbidities, or a corti-
costeroid injection <6 weeks before treatment initiation
(Fig. 1). After applying the additional exclusion criterion
(no surgery) for sample 1, 170 of the responders were
included in that sample, of whom 134 also had MHQ
outcomes at 12 months. We included all 217 responders in
the second sample. The baseline characteristics of both sam-
ples are given in Table I.

The 2 nonresponder analyses indicated that at >5 years,
only 1 of 21, and at 12 months, 2 of 21 variables differed
between responders and nonresponders (see Appendix Sup-
plementary Tables 1 and 2). The nonsignificant results of Lit-
tle’s test (p = 0.175) further suggest that the data were missing
completely at random29,30.

Primary and Secondary Outcomes
The median follow-up duration was 6.6 years (range, 5.1
to 8.7 years). Fig. 2 demonstrates scores on the MHQ
over time among the nonsurgical patients in sample 1.
Scores on the MHQ pain subscale did not change between
12 months and >5 years. Scores on the MHQ ADL im-
proved by 4.4 points (95% confidence interval [CI], 1.5 to
7.2), which was significant (p £ 0.0137) but not clinically
relevant (Table II). The MHQ total score and scores on
the subscales of overall hand function and work perfor-
mance also improved significantly between 12 months
and >5 years, and this improvement was clinically rele-
vant. We observed no differences in scores on the other
subscales (aesthetics and satisfaction with hand function)
(Table II).

One hundred and sixty-three participants in sample
1 completed the Satisfaction with Treatment Result Ques-
tionnaire at >5 years. Five percent of the respondents rated
their satisfaction with the results as “poor,” 14% as “mod-
erate,” 26% as “fair,” 39% as “good,” and 16% as “excellent”

TABLE I Baseline Patient Characteristics

Variable
Sample 1
(N = 170)

Sample 2
(N = 217)

Age* (yr) 59 ± 8 59 ± 8

No. (%) female 129 (76) 172 (79)

Symptom duration† (mo) 12 [6-36] 12 [6-36]

Dominant hand (no. [%])

Left 14 (8) 19 (9)

Right 147 (87) 189 (87)

Both 9 (5) 9 (4)

Treated hand (no. [%])

Left 96 (57) 114 (53)

Right 74 (44) 103 (48)

Type of work (no. [%])

Unemployed 70 (41) 83 (38)

Light physical work 37 (22) 52 (24)

Moderate physical work 41 (24) 54 (25)

Heavy physical work 22 (13) 28 (13)

MHQ score*

Total 61 ± 14 59 ± 14

ADL 69 ± 19 66 ± 20

Pain 49 ± 16 46 ± 16

Function 58 ± 15 57 ± 15

Aesthetics 84 ± 20 83 ± 20

Satisfaction 44 ± 22 42 ± 22

Work performance 63 ± 25 61 ± 25

*The values are given as the mean and standard deviation. MHQ =
Michigan Hand Outcomes Questionnaire, and ADL = activities of
daily living. †The values are given as the median, with the
interquartile range in square brackets.
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Fig. 2

Mean scores on theMichigan HandOutcomesQuestionnaire (MHQ) subscales over time.Most improvement was seen in the first 3months. The error bars

show the 95% confidence interval.
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(Fig. 3). Seventy-one percent of the participants were willing
to undergo the treatment again under similar circumstances.
The median EQ-5D-5L index score was 0.852 (range, 0.135
to 1).

Figure 4 shows the survival curve for conversion to
surgery, demonstrating that at a median follow-up of 7.0 years
(range, 5.5 to 9.0 years), 47 (22%) of the 217 participants
(95% CI, 16.4% to 27.7%) had converted to surgery. Of those
patients, the majority (70%) converted to surgery within the
first year after treatment. The median time at which patients
decided to convert to surgery was 7.4 months (range, 0.7 to
82.7 months) after treatment initiation.

Discussion

We found no clinically relevant change in pain and
limitations in ADL between 12 months and >5 years

following nonsurgical treatment for CMC-1 OA. These
findings apply to patients with CMC-1 OA who did not

convert to surgery during the follow-up interval. Our find-
ings suggest that the improvement after nonsurgical treat-
ment as measured in the first 12 months after treatment is
sustainable. Secondary outcomes at >5 years of follow-up
indicated relatively high satisfaction with treatment results,
and only 22% had converted to surgery at a median follow-
up of 7.0 years.

The long-term effect of the nonsurgical treatment of
CMC-1 OA has not been well described. Although, in the
current study, most improvements occurred in the active
treatment period (i.e., the first 3 months), there were addi-
tional improvements seen at 12 months and even at >5 years
in patients who did not convert to surgery. As we hypothe-
sized, there was no deterioration in terms of pain or ADL
limitations, as measured with the MHQ. A possible expla-
nation for the lasting improvements could be that, apart from
strengthening the thenar muscles, exercise therapy is aimed at
using a new and more stable position of the thumb, thereby
reducing joint loading and inflammation. Thus, patients learn how
to prevent pain by using this position and to cope with their OA.

The HRQoL was assessed as a standalone cross-sectional
outcome at >5 years. Since HRQoL is an underreported part of
outcomes in this patient population, this outcome could be
valuable for future research31,32. A study by Lane et al. reported
EQ-5D index scores of 0.85 and 0.8 at 1 year postoperatively
among patients who had surgery for CMC-1OA,which are similar
to, or slightly lower than, the median score in the present study33.

Our finding that only 22% converted to surgery is
comparable with rates in other studies with shorter follow-up
durations. Tsehaie et al. found a conversion rate of 15% in a
study with a mean follow-up of 2.2 years and including a
cohort with some of the same patients as in the present
study11. Gravås et al. reported that 24% of the patients who
received occupational therapy in their randomized controlled
trial had undergone surgery during a follow-up of 2 years15. In
another study, Schloemann et al. reported a conversion-to-
surgery rate of 9% with a median follow-up of 1.5 years16.
These differences in conversion rates may be due to

TABLE II Changes in the MHQ Total Score and Subscales Over Time in Sample 1*

Change

MHQ Score Baseline to 3 Mo Baseline to 12 Mo Baseline to 5 Yr 3 Mo to 12 Mo 3 Mo to >5 Yr 12 Mo to >5 Yr

Total 8.8† 10.0† 14.1† 1.2 (NS) 5.3† 4.2‡

ADL 5.6‡ 9.0† 13.4† 3.4 (NS) 7.8† 4.4§

Pain 12.7† 15.2† 17.9† 2.5 (NS) 5.2‡ 2.7 (NS)

Function 4.1‡ 5.1‡ 9.7† 1.0 (NS) 5.7† 4.6‡

Aesthetics 4.5§ 1.8 (NS) 4.4 (NS) –2.6 (NS) –0.1 (NS) 2.5 (NS)

Satisfaction 18.9† 18.7† 23.0† –0.2 (NS) 4.1 (NS) 4.3 (NS)

Work performance 6.8‡ 9.8† 16.1† 3.0 (NS) 9.3† 6.3§

*Scores range from 0 to 100; higher scores indicate better function and less pain. Significance testing was performed using linear mixed-model
analysis. The changes represent the marginal mean difference between the given time points as estimated by the model. MHQ =Michigan Hand
Outcomes Questionnaire, and NS = not significant. †Significant at p < 0.0001. ‡Significant at p < 0.010. §Significant at p < 0.025.

Fig. 3

Patient satisfaction with the treatment result (n = 163), expressed in

percentages.
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differences in populations or treatment protocols. Neverthe-
less, the findings that the conversion rate at approximately 2
years is comparable with the conversion rate at >5 years
indicates that few patients undergo surgery once the positive
treatment effect has been achieved, which further supports
nonsurgical treatment as a first treatment choice.

Study Limitations
A limitation of this study is the missing data, which are
inherent to the observational nature of this study. However,
our nonresponder analyses suggested that the data were
missing at random; there was a slight age difference be-
tween the responders and nonresponders, which seems
clinically irrelevant, and no differences in the MHQ scores
between the responders and nonresponders. The nonsig-
nificant results of Little’s test further suggests that the
missing data were missing completely at random. There-
fore, we are confident that these missing data did not
influence our primary findings.

Related to the observational design and associated miss-
ing data, our ability to estimate the true rate of conversion to

surgery may have been limited, as the patients for whom we
had data on conversion to surgery may not have been fully
representative of the target population. This means that some
patients may have sought care elsewhere without our knowl-
edge (i.e., the conversion rate could actually be higher) or that
patients without symptoms who had not undergone surgery
did not respond to our survey (i.e., the conversion rate could
actually be lower). However, all patients who did not undergo
surgery according to our patient records also responded to the
survey regarding additional treatments by indicating that they
had not undergone surgery, suggesting that we did not un-
derestimate the conversion rate. Still, this is a limitation, and
future studies should address this in their design. Furthermore,
insights into factors associated with conversion to surgery may
enable faster, well-founded decision-making. Previous studies
found that pain improvement, prior surgical experience, surgeons’
attitudes toward CMC-1 OA, previous nonpharmacological
treatment, and higher motivation for surgery are influen-
tial11,15,16. Predicting conversion to surgery may be improved
by also considering the psychological characteristics of pa-
tients. A previous study found that patients scheduled for

Fig. 4

Survival curve. The blue line indicates the proportion of patients who did not undergo conversion to surgery and the time, in months, before deciding to

convert to surgery. At a median follow-up of 7.0 years, 22% had decided to convert to surgery. The median time to decide to convert to surgery was

7.4 months after treatment initiation. The light blue shading indicates the 95% confidence interval. Censoringmeans that the patient had not converted to

surgery at the time the study was conducted.
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surgical treatment have a worse psychological profile than
their nonsurgical counterparts34. Because of the relatively low
number of patients who converted to surgery, we could not
assess that in our study.

Another limitation is that our patient-reported outcomes
only represent patients who did not convert to surgery. This may
have introduced selection bias because patients who eventually
received surgery most likely had worse outcomes. Therefore,
these outcomes only apply to patients who had not undergone
surgery by the final follow-up of >5 years. However, since most
surgeries occurred within the first year after treatment onset, the
findings between 12 months and >5 years seem unaffected by
this risk of bias.

Finally, a limitation of our observational design is that we
cannot prove causality. However, the results have a higher eco-
logical validity, as our findings reflect daily practice. Similarly,
although therapists are trained the same, there may have been
variations in the treatment they provided, and treatment fre-
quency. This possible variation is important to acknowledge
because it has previously been shown that exercises have a rela-
tively large treatment effect compared with that of orthosis use
alone10. However, this variation is also a strength as it reflects daily
clinical practice. To prove causality, a no-treatment arm would
have to be included as a control group, since the natural course of
CMC-1 OA may be somewhat self-limited regarding pain.

Conclusions
We found positive outcomes at >5 years of follow-up after the
nonsurgical treatment of CMC-1 OA, with no worsening of
pain or limitations in ADL after 12 months, and with only 22%
of the participants having converted to surgery at a median
follow-up of 7 years. Our findings support nonsurgical treat-
ment as the first treatment choice and indicate that treatment
effects are sustainable.
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