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Abstract
Objective: To investigate how satisfaction with treatment outcome is associated with patient mindset and Michigan Hand Outcome Questionnaire
(MHQ) scores at baseline and 3 months in patients receiving nonoperative treatment for first carpometacarpal joint (CMC-1) osteoarthritis (OA).
Design: Cohort study
Setting: A total of 20 outpatient locations of a clinic for hand surgery and hand therapy in the Netherlands.
Participants: Patients (NZ308) receiving nonoperative treatment for CMC-1 OA, including exercise therapy, an orthosis, or both, between
September 2017 and February 2019.
Interventions: Nonoperative treatment (ie, exercise therapy, an orthosis, or both)
Main Outcome Measures: Satisfaction with treatment outcomes was measured after 3 months of treatment. We measured total MHQ score at
baseline and at 3 months. As baseline mindset factors, patients completed questionnaires on treatment outcome expectations, illness perceptions,
pain catastrophizing, and psychological distress. We used multivariable logistic regression analysis and mediation analysis to identify factors
associated with satisfaction with treatment outcomes.
Results: More positive pretreatment outcome expectations were associated with a higher probability of being satisfied with treatment outcomes at 3
months (odds ratio, 1.15; 95% confidence interval, 1.07-1.25). Only a relatively small part (33%) of this association was because of a higher total MHQ
score at 3 months. None of the other mindset and hand function variables at baseline were associated with satisfaction with treatment outcomes.
Conclusions: This study demonstrates that patients with higher pretreatment outcome expectations are more likely to be satisfied with treatment
outcomes after 3 months of nonoperative treatment for CMC-1 OA. This association could only partially be explained by a better functional
outcome at 3 months for patients who were satisfied. Health care providers treating patients nonoperatively for CMC-1 OA should be aware of the
importance of expectations and may take this into account in pretreatment counseling.
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Osteoarthritis (OA) of the first carpometacarpal joint (CMC-1) is a
common disease, especially in postmenopausal women.1 Symptoms include pain, limitations in activities, and loss of hand
Disclosures: Dr Wouters received a grant from ZonMW during this study.

function.2 Several nonoperative and operative treatment options
are available.3 Current practice is to first treat patients nonoperatively. This often consists of exercise therapy, an orthosis, or
both.4-6 Surgery can be considered if symptoms are not sufficiently relieved by nonoperative treatment.4 Nonoperative
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treatment is a successful treatment strategy for CMC-1 OA,
which, on average, reduces pain and improves hand function.7,8
Moreover, in a large cohort with a mean follow-up of 2.2 years,
only 15% of the patients underwent further surgery.9
Treatment outcomes such as pain relief and functional
improvement have been frequently studied; however, in recent
days there is increasing attention for the patients’ interpretation of
their treatment outcomes.10 Previous studies demonstrated that
after hand therapy and an orthosis for CMC-1 OA, there is
considerable variation in patients’ satisfaction with treatment
outcomes. However, which factors explain this variation in satisfaction with treatment outcomes for these patients is
still unknown.5,9
It has previously been reported that pain and hand function
after treatment are associated with satisfaction with treatment
outcomes for patients with hand and wrist disorders receiving
surgical treatment or steroid injections.11,12 Additionally, patient
mindset has been shown to be associated with satisfaction with
treatment outcomes, again after either surgical treatment or steroid
injections.12,13
Patient mindset can be seen as particular associations and
expectations that a patient has, which could affect a patients’
attitude toward treatment.14 Because patients generally have a
particular mindset toward a treatment before starting treatment,
communication between a clinician and patients could be an
opportunity to modify this mindset, for example, by changing
expectations.15
There have already been studies on the association between
expectations and satisfaction in daily practice, but there is no
consensus. Several authors suggested that patients with high
expectations would be less satisfied because these patients are
less likely to have their expectations fulfilled.11,13,16 Many
surgeons apply this principle in practice.17 However, other
studies have suggested that patients should have positive expectations to improve treatment outcomes.18-22 Possibly, this
suggests that there is an optimum for expectations. Because of
the conflicting suggestions in the literature, there is currently no
consensus or best practice on how clinicians should deal with
patients’ expectations to optimize treatment outcomes and
satisfaction.
While it has been reported that pain, hand function, and patient
mindset are associated with satisfaction with treatment outcomes
for patients receiving surgical treatment or steroid injections for
hand and wrist conditions, it remains unknown if these factors
also explain satisfaction with treatment outcomes in patients
receiving nonoperative treatment for CMC-1 OA. In particular,
the role of expectations is unclear. Therefore, the purpose of this
study was to investigate which baseline characteristics, including
total Michigan Hand Outcome Questionnaire (MHQ) score and
patient mindset, are associated with the likelihood of being
satisfied with treatment outcomes after 3 months of nonoperative
treatment for CMC-1 OA when accounting for total MHQ score at
3 months.

List of abbreviations:
CEQ
CMC-1
MHQ
OA
OR

Credibility and Expectancy Questionnaire
first carpometacarpal joint
Michigan Hand Outcome Questionnaire
osteoarthritis
odds ratio

Methods
Setting and study population
Between September 2017 and February 2019, this cohort study
was performed with routine outcome measurement data from
Xpert Clinic and Handtherapie Nederland, comprising 20 outpatient locations for hand surgery and hand therapy in the
Netherlands. Over 150 hand therapists and 23 European Board
certified (Federation of European Societies for Surgery of the
Hand) hand surgeons are employed in our clinic. The cohort and
data collection procedures have previously been described in more
detail.23 All patients provided written informed consent, and this
study was approved by the Erasmus MC Medical
Ethical Committee.
Patients were included when treated nonoperatively for CMC-1
OA after being diagnosed as having CMC-1 OA by a Federation
of European Societies for Surgery of the Handecertified hand
surgeon. The diagnosis was made based on clinical presentation
and radiographs when required. Nonoperative treatment consisted
of immobilizing the CMC-1 using an orthosis and performing
exercises to improve the active stability of the CMC-1 and
strength of the thenar muscles. This treatment protocol has previously been described in more detail.5 Nonoperative treatment
was offered for at least 3 months before surgery was considered.
All hand therapists received the same training on how to treat
patients with CMC-1 OA. However, treatment was not fully
standardized as in randomized controlled trials, and therapists
could deviate from this protocol based on patient preferences and
clinical considerations.
We invited all patients to complete the questionnaires as part of
routine clinical care before and after treatment. The questionnaires
were sent after the first consultation with the hand surgeon. In
addition, baseline characteristics including age, sex, occupational
intensity, duration of symptoms, hand dominance, and affected
hand were collected. Occupational intensity was categorized as
not employed, light occupational intensity (eg, working in an
office), moderate occupational intensity (eg, working in a shop),
or severe occupational intensity (eg, construction work). Patients
who did not complete all questionnaires of interest at baseline and
3 months were excluded from the study.

Outcome measurements
Satisfaction with treatment outcomes was the primary outcome
measure. This was measured using a self-designed questionnaire
administered 3 months after the start of nonoperative treatment. In
this questionnaire, we asked patients, “To what extent are you
satisfied with the treatment outcomes obtained so far?” (rated as
poor, moderate, fair, good, or excellent). We have dichotomized
this, classifying patients rating their satisfaction with treatment
outcomes as poor, moderate, or fair as less satisfied, while classifying patients rating their satisfaction as good or excellent as
satisfied. We dichotomized satisfaction because the number of
patients in some groups was not enough for analysis and, from a
clinical point of view, because we aimed to identify factors that
predicted whether patients would be satisfied or dissatisfied with
treatment outcomes.
At baseline and 3 months, we invited patients to complete the
MHQ.24 The MHQ is a patient-reported outcome measure with
good reliability, validity, and responsiveness for patients with
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Fig 1 Flow chart of patient inclusion. Abbreviation: VAS, visual
analog scale.

CMC-1 OA.25 The MHQ consists of 6 domains (pain, hand
function, aesthetics, work, activities of daily life, satisfaction with
hand function), each with a score ranging from 0-100 (0Zpoorest
function, 100Zideal function). From these subscales, a total MHQ
score is calculated for the affected hand, which is used in our
analysis. We chose to use the total MHQ score at 3 months as
functional improvement measure because it comprises a broad
spectrum of domains relevant to patients with CMC-1 OA.
We used the Credibility and Expectancy Questionnaire
(CEQ)26 to measure outcome expectations regarding the treatment
and the credibility of the treatment. This questionnaire has 2 domains (expectations and credibility) with 3 questions each. Scores
per domain range from 3-27 (higher scores indicate higher expectations/credibility of the treatment).
In addition, we measured pain catastrophizing behavior, psychological distress, and illness perceptions. We measured this
using the Pain Catastrophizing Scale,27 the Patient Health Questionnaire-4,28 and the Brief Illness Perception Questionnaire,29
respectively. We calculated a total score for each questionnaire.
All questionnaires have been validated, and good reliability has
been reported.26,30-35

Statistical methods
We compared baseline characteristics for patients that were
satisfied and less satisfied with treatment outcomes using t tests for
normally distributed continuous data and Mann-WhitneyWilcoxon tests for continuous data that were not normally
distributed. Chi-square statistics were used for categorical data.
Effect sizes (Cohen’s d ) were calculated for any statistically
www.archives-pmr.org
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significant differences between continuous data. We performed a
nonresponder analysis to compare baseline characteristics of patients completing all questionnaires of interest (responders) and
patients who only completed the MHQ at baseline and 3 months.
After dichotomizing satisfaction with treatment outcomes, we
used multivariable logistic regression analysis to determine which
baseline variables were associated with the probability of being
satisfied with treatment outcomes when adjusting for patient
characteristics, patient-reported hand function at baseline, and
patient mindset. For the logistic regression model, odds ratios
(ORs) with 95% confidence intervals were calculated.
In the multivariable regression model, we included the aforementioned baseline characteristics, patient-reported hand function
(total MHQ score), psychological factors (total Pain Catastrophizing Scale score, total Patient Health Questionnaire-4, and total
B-IPQ score), CEQ Expectancy Score, and CEQ Credibility
Score. Using the rule of thumb of 1 variable per 10 cases having
the lowest frequency outcome (number of events) to fit a multivariable logistic regression model and with 13 variables of interest, we needed to include at least 130 patients with an event.
Assuming 50% of all patients would be classified as satisfied,5 we
determined a minimum of 260 patients was needed. Because the
number of patients treated in our clinic during the study period
exceeded 260, we included all patients treated in our clinic during
the study period.
Because both patients with overly high and very low expectations have been suggested to be less satisfied, we hypothesized
that there might be an optimum for CEQ Expectancy
Score.12,13,16,18-22 We therefore tested whether our multivariable
regression model would better fit the data when a nonlinear effect
of the CEQ Expectancy Score was included, using splines. We
performed a likelihood ratio test to determine whether this model
had a better fit than the model with CEQ Expectancy Score as a
linear term.
We checked for multicollinearity in our multivariable logistic
regression model using the variance inflation factor. We considered a variance inflation factor >10 an indication for
multicollinearity.36
As a secondary analysis (in addition to our multivariable logistic regression), we performed a mediation analysis.37,38
Because previous studies in hand surgery and orthopedics reported an association between treatment outcomes and satisfaction, the aim of the mediation analysis was to quantify how much
of the association between a predictor and the dependent variable
of interest (in this case, satisfaction with treatment outcomes) is
the result of treatment outcomes (indirect effect) and how much is
independent of that (direct effect).12,39 For this mediation model,
our predictor and mediator variables were continuous, and our
outcome was binary.40-43 For the mediation model, we used the
linear terms of all variables.
We assessed whether mediation was present by bootstrapping
the indirect effect, as proposed by Preacher and Hayes.44 We
corrected for total MHQ score at intake in the analysis. The
outcome of the mediation analysis is the proportion mediated,
which is the percentage of the effect of the significant independent
variable(s) due to the total MHQ score at 3 months. This is
calculated by multiplying the regression coefficient of the predictor on the mediator with the regression coefficient of the
mediator on the outcome.
Mediation analysis was performed in Mplus version 8.1a, using
Mplus code based on Feingold et al45 for mediation with a
continuous predictor and a nonrare binary outcome. All other
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Patient characteristics at baseline

Baseline Characteristics

Questionnaire
All Included
Satisfied With
Less Satisfied With
Range (If Applicable) Patients (NZ308) Outcomes (nZ141) Outcomes (nZ167) Effect Size P Value

Age (y), mean  SD
Sex, n (%)
Female
Hand dominance, n (%)
Right
Left
Both
Affected hand, n (%)
Right
Left
Both
Dominant hand affected, n (%)
Duration of symptoms (mo),
median (interquartile range)
Workload, n (%)
Not employed
Light
Moderate
Severe
MHQ score, mean  SD
0-100
PHQ score, mean  SD
0-12
PCS score, mean  SD
0-52
B-IPQ score, mean  SD
0-80
CEQ Expectancy Score, mean  SD 3-27
CEQ Credibility Score, mean  SD
3-27

618

617

618

234 (76)

109 (77)

125 (75)

274 (89)
20 (6)
14 (5)

124 (88)
11 (8)
6 (4)

150 (90)
9 (5)
8 (5)

130 (42)
141 (46)
37 (12)
126 (41)
9 (5-24)

59 (42)
68 (48)
14 (10)
59 (42)
8 (4-24)

71 (43)
73 (44)
23 (14)
67 (40)
12 (6-24)

120 (39)
62 (20)
93 (30)
33 (11)
6015
1.22.2
119
519
185
214

54 (38)
31 (22)
44 (31)
12 (9)
6315
0.92.0
108
5010
204
224

66 (40)
31 (19)
49 (29)
21 (13)
5715
1.42.3
1310
528
175
204

.781
.712
.683

.525

.849
.454
.628

0.37
0.23
0.35
0.23
0.67
0.47

.001
.045
.002
.044
<.001
<.001

Abbreviations: B-IPQ, Brief Illness Perception Questionnaire; PCS, Pain Catastrophizing Scale; PHQ, Patient Health Questionnaire-4.

analyses were performed using R statistical computing version
3.5.2.b For all tests, a P value <.05 was considered statistically significant.

Results
In the study period, 656 patients were treated nonoperatively for
CMC-1 OA at our clinic and completed all relevant questionnaires
at baseline. Of those patients, 308 patients also completed all
questionnaires of interest 3 months after the start of treatment and
were included in the analysis (fig 1).
Of the included patients, 234 (76%) were female, the mean age
was 618 years, and the mean total MHQ score at baseline was
6015. Table 1 shows all baseline characteristics of the included
patients. We compared the baseline characteristics of the included
patients (responders) to the patients who did not complete all
questionnaires (nonresponders) and only found that the included
patients had a shorter duration of symptoms (responders: median,
9; interquartile range, 5-24; nonresponders: median, 12; interquartile range, 6-24) (supplemental table S1, available online only
at http://www.archives-pmr.org/).
Figure 2 shows the distribution of satisfaction on the 5-point
Likert scale and the division into the 2 categories; of the 308
patients, 141 (46%) were satisfied with treatment outcomes, while
167 (54%) were less satisfied with treatment outcomes.
Patients that were less satisfied with treatment outcomes reported worse MHQ score, lower expectations of the treatment, and

less treatment credibility at baseline than patients who were
satisfied with treatment outcomes (see table 1). Also, patients who
were less satisfied scored worse on psychological distress, pain
catastrophizing, and illness perceptions.
While several baseline variables were associated with satisfaction with outcome in the univariable analysis (see table 1),
higher CEQ Expectancy Score was the only significant variable
associated with higher probability of being satisfied with treatment
outcomes in the multivariable analysis (OR, 1.15; 95% confidence
interval, 1.07-1.25) (table 2). This OR indicates that patients with
1 point more on the CEQ Expectancy Score have a 15% increase
in odds of being satisfied with treatment outcomes.
We visualized the effect of the CEQ Expectancy Score on
satisfaction with treatment outcomes on the original scale in
figure 3, showing a linear trend. Additionally, the likelihood ratio
test showed that the model with nonlinear effects of the CEQ
Expectancy Score did not have significantly better fit (PZ.23)
than the model with the CEQ Expectancy Score as a linear term.
Therefore, we used the linear term of CEQ Expectancy Score in
all analyses and were not able to find an optimum.
Based on the variance inflation factor, we did not find an
indication for multicollinearity in the multivariable logistic
regression model.

Mediation analysis
Based on the results from the multivariable logistic regression
analysis, we hypothesized that patients with a higher CEQ
www.archives-pmr.org
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Fig 2 Distribution of satisfaction with treatment outcomes using the original 5-point scale and the distribution of dichotomized satisfaction
with treatment outcomes.

Expectancy Score would also have a higher total MHQ score at 3
months and would therefore be more satisfied. To test this hypothesis, we performed a post hoc mediation analysis. We found
that only 33% of the effect of CEQ Expectancy Score on satisfaction with treatment outcomes was because of total MHQ score
at 3 months (fig 4). The remaining 67% of the effect of expectations can either be explained by a direct effect on satisfaction or
Table 2 Multivariable logistic regression analysis on satisfaction with treatment outcomes
Multivariable Logistic Regression

OR (95% CI)

Age
Sex, male
Dominant hand affected
Duration of symptoms
Workload
Light
Moderate
Severe
MHQ score
PHQ score
PCS score
B-IPQ score
CEQ Expectancy Score
CEQ Credibility Score

1.01
0.77
1.15
1.01

(0.97-1.05)
(0.41-1.44)
(0.70-1.89)
(1.00-1.02)

1.21
1.15
1.02
1.02
1.00
0.99
1.02
1.15
1.03

(0.59-2.48)
(0.57-2.30)
(0.39-2.60)
(1.00-1.04)
(0.86-1.14)
(0.95-1.02)
(1.00-1.04)
(1.07-1.25)*
(0.95-1.12)

Abbreviations: B-IPQ, Brief Illness Perception Questionnaire; CI, confidence interval; PCS, Pain Catastrophizing Scale; PHQ, Patient Health
Questionnaire-4.
* P.001.

www.archives-pmr.org

by an indirect effect through another factor that was not measured.
This indicates that a better MHQ score at 3 months can only
partially explain the association between CEQ Expectancy Score
and satisfaction with treatment outcomes.

Discussion
In this study, we found that patients with more positive expectations of the treatment outcome are more likely to be satisfied with
treatment outcomes after 3 months of nonoperative treatment for
CMC-1 OA. Additionally, we found that only one-third of this
effect was because of better treatment outcomes at 3 months.
Previous studies on other types of osteoarthritis reported that
patients with higher expectations have better treatment outcomes
such as pain and function.46-52 This is in agreement with our
finding that higher expectations are associated with a higher total
MHQ score at 3 months. In addition, we found a positive association between higher expectations and satisfaction with treatment outcomes, which is not completely in line with previous
studies. For example, Jain,48 Mahomed,52 and Neuprez53 and
colleagues also reported an association between higher expectations and satisfaction with treatment outcomes after orthopedic
surgery, while several authors reported a negative association
between expectations and satisfaction54 or suggested that it would
be better to lower expectations.11,16,49 Possibly, these different
findings may be explained by different treatments, different diseases (eg, hip or knee OA), different questionnaires to assess
expectations, or different pretreatment counseling. However, our
results suggest that it would be better to optimize expectations to
improve satisfaction and, to a lesser extent, improve treatment
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Fig 3 Box-and-whisker plot of CEQ Expectancy Score (range, 3-27) per satisfaction category. The horizontal line represents the median, and
boxes represent the first and third quartile. The whiskers represent 1.5 times the interquartile range from the first and respectively third quartile.

outcomes. A trial evaluating effects of different expectation
management strategies of clinicians might provide valuable insights on how to address patients’ expectations of their treatment.
Perhaps, the time point where patients completed the CEQ may
explain why we found a positive association between treatment
outcome expectations and satisfaction with outcomes. Patients in
our study completed the CEQ after the first consultation with the
hand surgeon. It could be that surgeons know from experience
which patients will respond well to nonoperative treatment and

Fig 4 Mediation model. The relation between CEQ Expectancy Score
and satisfaction with treatment outcomes was mediated by the total
MHQ score at 3 months. The standardized regression coefficients are
reported from the regression of CEQ Expectancy Score on total MHQ
Score at 3 months and the regression of CEQ Expectancy Score and
total MHQ Score at 3 months on satisfaction with treatment outcomes.
All regression analyses were corrected for total MHQ score at baseline.
The indirect effect (0.119) was divided by the total effect (0.365) of
CEQ Score on satisfaction with treatment outcomes to obtain the
proportion mediated (33%).

will therefore provide individualized information on the expected
results of the treatment to patients. This could in turn influence the
CEQ Expectancy Score in individual patients. However, in our
analysis, we controlled for patient characteristics, patient-rated
hand function, and patient mindset and still found no other predictive baseline factors for satisfaction with treatment outcomes
than CEQ Expectancy Score.

Study limitations
A strength of this study is the large sample size in a populationbased cohort. Second, to our knowledge, this is the first study
investigating satisfaction with treatment outcomes after exercise
therapy, an orthosis, or both for CMC-1 OA. Third, by performing
a mediation analysis, we were able to provide more insight into
the mechanism of the association we found.
However, our study also has several limitations. Satisfaction
with treatment outcomes is a complex construct that is difficult to
measure and difficult to fully comprehend, as mentioned in an
editorial by Ring and Leopold.55 Ring and Leopold describe that
there are many reasons why one patient can be satisfied with the
treatment outcome and another patient may be dissatisfied while
having the same treatment outcome. However, although satisfaction with treatment result is a difficult construct and influenced by
many factors, it is also a very important and relevant outcome
measure in striving for patient-centered care. Therefore, future
studies investigating the underlying mechanisms that determine a
patient’s satisfaction with treatment outcome are needed to provide patient-centered care that is tailored to the patient’s needs.
Another limitation is that in this study, we used a selfdesigned questionnaire to assess satisfaction with treatment
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outcomes, which has not been validated yet. However, to our
knowledge, there are no validated patient-reported outcome
measures available to measure satisfaction with treatment outcomes for patients with hand and wrist disorders. The questionnaire we used and the dichotomization of our outcome
measure are very similar to questionnaires and analyses used in
previous studies, which allows us to compare our results with
other studies.11,16 However, to avoid dichotomization and the
loss of information as a result, a validated patient-reported
outcome measure for satisfaction with treatment outcomes
with a continuous scale is needed to further optimize personalized care for individual patients.
Previous studies have reported that the context of treatment
(eg, communication style of the health care provider) also affects satisfaction with treatment outcomes19,20,56,57; hence, a
limitation is that we did not include a measure for treatment
context in our study. Future studies should therefore include
such measures in their analysis when studying satisfaction with
outcomes, as well as study how to incorporate this into clinical practice.
In our study we found that more positive expectations are
associated with higher satisfaction with treatment outcomes after
3 months of nonoperative treatment for CMC-1 OA, which can
only partially be explained by better treatment outcomes. This
suggests that optimizing expectations might improve satisfaction
and, to a lesser extent, improve treatment outcomes. However,
future experimental studies are needed to determine whether
modifying expectations of patients receiving nonoperative treatment for CMC-1 OA, for example, by framing pretreatment information in a positive manner, will positively affect satisfaction
and treatment outcomes.

Conclusions
This study demonstrates that patients with higher treatment
outcome expectations are more likely to be satisfied with treatment outcomes after 3 months of nonoperative therapy for
CMC-1 OA. Health care providers treating patients nonoperatively for CMC-1 OA should be aware of the importance of
expectations and should take this into account in pretreatment
counseling.
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