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Chapter 1

FROM POPULATION TO INDIVIDUAL: 

A Data-Driven Approach for Enhancing Patient-Centered Decision-Making in 
Hand and Wrist Care 
Hand and wrist conditions affect a relatively large part of the population over the course 
of their lives. The yearly prevalence of musculoskeletal upper extremity conditions has 
been reported to range up to 41% (1), and in elderly, the monthly prevalence of hand pain is 
17% (2). Hand and wrist conditions can affect patients in their daily functioning and their 
ability to work, and limit social participation. 

Hand and wrist conditions are also associated with considerable societal costs and can 
directly impact quality of life (3-5). For example, in 1997-2009 the annual healthcare costs 
of hand and wrist injuries are estimated at €670 million in The Netherlands, which ranks 
them among the most expensive injuries (6), and these costs have likely only increased 
over time. In the United States, 5.9 million ambulatory care visits annually are due to 
musculoskeletal hand and wrist conditions (7). 

Many hand and wrist conditions (e.g., osteoarthritis, nerve compression syndromes, and 
tenosynovitis) can negatively impact patients in their daily lives but are not considered 
medical emergencies. Thus, there is sufficient opportunity and time for patients to be 
informed about the treatment options (including refraining from treatment) and consider 
the possible risks and benefits of these options (8). Within a patient-centered care setting, 
it is the current best practice that patients decide on the most suitable treatment option 
with their treating physician while considering their preferences and values. This decision-
making process is commonly referred to as shared decision-making (9). 

Shared decision-making 
While shared decision-making is considered the best practice and preferred by patients, in 
daily clinical practice, this is not always achieved (10-12). For example, in an outpatient 
vascular surgery setting in The Netherlands, 31% of the patients prefer themselves to 
have a more active role in shared decision-making, and 58% prefer a different decision-
making approach than what they had experienced (11). Also, elderly patients with hand and 
wrist conditions indicated that they prefer a patient-directed or collaborative approach to 
decision-making, compared to a clinician-directed approach (13). For physicians, barriers 
towards shared decision-making include lack of time and when they see themselves 
as decision-makers (12, 14, 15). Some physicians fear to be seen as indecisive by their 
patients when they engage in shared decision making (14, 15). Additionally, specific patient 
characteristics (e.g., multiple comorbidities and lower education levels) are considered 
barriers to the shared decision-making process, possibly because treatment outcomes may 
be more uncertain for patients with certain characteristics or because physicians expect 
difficulties in adequately conveying treatment benefits and risks (16). 
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To overcome the barriers to the shared decision-making process, adequate, relevant, 
and unbiased information provision to patients about the treatment options, risks, and 
benefits is vital (16). Decision aids (possibly based on outcome information) may direct 
this information provision, but they typically provide general and not patient-specific 
information (17). However, for many conditions, information about all relevant outcome 
domains (e.g., pain, function, return to work, complications) for all treatment options is 
not directly available. In current daily clinics, decisions are usually based on clinician 
experience and guidelines and therefore not consistently personalized and at risk of being 
noisy due to between-clinician variance (18). While the increasingly routinely collected 
patient and outcome data is highly valuable to overcome this, it is still insufficiently used 
for providing unbiased, data-driven decision support. Therefore, the main aim of this 
thesis is to provide patients with hand and wrist conditions and their clinicians with 
clinically relevant, personalized, and data-driven outcome information, to facilitate 
shared decision-making towards the most suitable treatment option. 

Shared decision-making is often mentioned in the context of value-based healthcare. This 
healthcare delivery model is focused on providing maximal value (i.e., positive health 
outcomes) for each dollar or euro spent (19). An important aspect of value-based healthcare 
is that value is defined from a patient’s perspective (19). The shared decision-making 
approach, where patients’ values, preferences, and goals play a central role in the decision-
making, complements this (20). 

Measuring outcomes routinely and learning from every patient systematically is commonly 
considered a first step towards value-based healthcare, including shared decision-making 
(19, 21, 22). The data collected through routine outcome measurement can be used for 
multiple purposes, including using the data to directly or indirectly improve patient care 
and facilitate research (23, 24). Patient care can be directly improved by directly providing 
individual patient data to clinicians. For example, a dashboard can show clinicians how 
this individual patient rated his/her symptom severity, which can serve as a starting point 
for the consultation. Additionally, routinely collected data from specific patient groups can 
be used to visualize outcomes over time for one or more treatment options and a particular 
diagnosis. Such applications can potentially make the shared decision-making process more 
data-driven than expert option-based (25). 

Data collected through routine outcome measurement can also indirectly improve healthcare 
(23, 24). For example, the data can be used for research on treatment effectiveness and can 
inform guideline development or analyses regarding societal treatment costs. The data 
could facilitate benchmarking and healthcare costing experiments, such as bundled 
payments and pay-for-performance (21). Advantages of using routine outcome data for 
such research is that the patient samples are often larger and more representative of daily 
clinics than those used in randomized controlled trials, providing higher ecological validity 
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(26, 27). Subsequent implementation of these research outcomes can, therefore, improve 
daily clinical care. 

Thumb base osteoarthritis 
In this thesis, a condition of specific interest within the general group of hand and wrist 
conditions is thumb base osteoarthritis (OA). Thumb base OA can be a painful condition 
limiting activities of daily living that affects a relatively large part of the population, mostly 
females (28, 29). In the general population, the radiographic prevalence is estimated at 33% 
for males at age 80 and 39% for females at age 80 (30), and the symptomatic prevalence at 
a mean age of 59 is estimated at 2% for males and 7% for females (31). 

There is a wide range of treatment options for thumb base OA, both nonsurgical and 
surgical. Nonsurgical treatment can comprise analgesics, orthotics, hand therapy, or 
corticosteroid injections (32). Surgical treatment options include isolated trapeziectomy, 
trapeziectomy with tendon interposition and/or ligament reconstruction (LRTI), arthrodesis, 
joint replacement, and denervation (33). In the Netherlands, patients with symptomatic 
thumb base OA are first treated nonsurgically, according to the Dutch guideline (34). When 
nonsurgical treatment fails to relieve symptoms sufficiently, typically surgical treatment is 
proposed, such as trapeziectomy (with LRTI) (35, 36). However, despite many systematic 
reviews and meta-analyses (37-39), the optimal treatment strategy for thumb base OA in 
terms of (cost)effectiveness is unknown. Many previous studies included a small number 
of patients, had a short follow-up period, or described outcomes that may not be clinically 
relevant or directly meaningful to patients (e.g., clinician-reported treatment success). 
Consequently, a subgoal in this thesis was to describe clinically relevant outcomes, 
compare treatment outcomes, and assess the cost-effectiveness of possible treatment 
strategies for thumb base OA. 

The considerable variation in outcomes of (non)surgical) treatment options for thumb base 
OA between patients is an additional challenge for clinicians (40, 41). For clinicians, it can 
be relevant to know which characteristics are related to good and poor treatment outcomes. 
These prognostic factors can help understand the variation in treatment outcomes and can 
help clinicians inform their patients whether they can expect somewhat better or worse 
treatment outcomes than the average patient, which might lead to a different treatment 
recommendation. A particular interest is the role of mindset factors (defined as symptoms 
of depression, anxiety, pain catastrophizing, and illness perceptions) and outcome 
expectations. In orthopedic surgery, mindset factors have previously been shown to 
be related to treatment outcomes (42). However, it is unclear whether this association 
is also present for treatment outcomes of hand and wrist conditions. Moreover, the role 
of expectations is even less clear, while expectations might be modifiable by clinicians 
(43). Therefore, another subgoal in this thesis was to study how mindset factors and 
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expectations relate to treatment outcomes for patients receiving treatment for thumb 
base OA.  

Prediction modeling 
While prognostic factors provide some global insight into variations in treatment outcomes, 
it can be difficult to translate this knowledge into specific expected treatment outcomes 
for individual patients. Ideally, a clinician would have access to reliable, patient-specific 
estimates of the expected treatment outcomes for each available treatment option for each 
individual patient. To this end, prognostic prediction models can be used since they predict 
treatment outcomes for individual patients based on predictor variables (44). Such predictor 
variables can consist of but are not limited to, patient characteristics (e.g., age, sex, and 
comorbidities) and disease characteristics (e.g., patient-reported symptom severity and 
radiographic stage of osteoarthritis) and do not need to be causally related to the outcome 
of interest. However, before prediction models can safely be used in clinical practice, they 
need to be validated to ensure that the model will also make reliable predictions for future 
patients (45). Particularly in cases where the likely treatment outcomes are uncertain and 
where many treatment options are available, such as in thumb base OA, implementing 
validated prediction models in clinical practice could have a great potential to facilitate 
shared decision-making by informing clinicians and patients. Therefore, our subgoal in 
this thesis was to develop and validate prognostic prediction models for clinically 
relevant outcomes of multiple treatments for hand and wrist conditions and to assess 
whether using these models would improve clinical decision-making. 

Patient-Reported Outcome Measures 
In this thesis, data from the Hand-Wrist Study Group cohort were used. This cohort results 
from fifteen years of routine outcome measurement at Xpert Clinics, a dedicated center 
for elective hand and wrist care (46). As of 2024, the cohort contains data of roughly 
185.000 patients with >500 diagnosis-treatment combinations. To incorporate the patients’ 
perspective that plays a pivotal role in the value-based healthcare philosophy, patient-
reported outcomes and patient experiences are integral components. Therefore, patients with 
a hand or wrist disorder are asked to complete Patient-Reported Outcome Measurements 
(PROMs) at fixed time points prior to and during their treatment, as well as Patient-
Reported Experience Measurements after consultation and treatment. Also, Clinician 
Rated Outcome Measures (e.g., range of motion and grip strength), sociodemographic 
characteristics, and measures of treatment outcome expectations and mindset (e.g., pain 
catastrophizing, anxiety) are collected. 

PROMs are questionnaires regarding outcomes such as pain, hand function, or symptom 
severity. PROMs can capture the patients’ perspective on his or her illness, therefore 
providing valuable information for clinicians (19). A challenge when using PROMs is 
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that they are often on a numeric scale, such as 0-100, and therefore lack intrinsic meaning 
for patients and clinicians. This makes it difficult to determine whether a statistically 
significant improvement following treatment is also relevant for patients and clinicians 
(47-49). To overcome this issue regarding the interpretation of PROMs, Clinically Important 
Outcome Values (CIOVs) have been introduced (50, 51). The Minimally Important Change 
and the Patient Acceptable Symptom State are the most well-known examples of CIOVs. 
The most frequently used metric is the Minimally Important Change, which refers to 
the minimal change in an outcome where patients consider themselves improved (52-54). 
Conversely, the Patient Acceptable Symptom State (PASS) is a CIOV that does not reflect 
a threshold based on a change score, but instead an outcome value at a chosen time point 
where a patient is satisfied with his or her current level of symptoms (55). 

While CIOVs are highly relevant for interpreting PROM values, there are methodological 
limitations to the values currently presented in hand and wrist literature, which limits their 
applicability. Multiple calculation methods are used (56-58), even though several frequently 
used methods can provide biased estimates (59, 60). Moreover, there are indications that 
CIOVs vary for the same PROM depending on the diagnosis and treatment (61), while 
most CIOVs are based on either a diverse set of hand and wrist conditions or only one 
specific diagnosis-treatment combination. This means that the currently available CIOVs 
often cannot be directly applied to the broad spectrum of hand and wrist diagnoses and 
treatments. There is a need for a golden standard regarding calculation methods and an 
overview of unbiased CIOV estimates that can readily be used in patients with specific 
diagnoses and/or treatments. Therefore, our final subgoal in this thesis was to determine 
the Minimally Important Change and Patient Acceptable Symptom State values for 
hand and wrist conditions and investigate how these values should be calculated.

AIMS AND OUTLINE OF THIS THESIS 

The aim of this thesis is to provide patients with hand and wrist conditions and their 
clinicians with personalized, data-driven information on clinically relevant treatment 
outcomes, to facilitate shared decision-making towards the most suitable treatment option. 
I aimed to achieve this by describing average treatment outcomes, assessing which factors 
explain variation in treatment outcomes, and predicting individual treatment outcomes. 
However, it should first be determined what patients consider a meaningful outcome. 
Therefore, this thesis starts by defining clinically meaningful outcomes for patients with 
hand and wrist conditions. This thesis is structured accordingly, as seen below. 
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PART I: DETERMINING CLINICALLY IMPORTANT OUT-
COME VALUES 

The first part of this thesis aimed to determine Clinically Important Outcome Values 
for PROMs that are frequently used to measure outcomes of hand and wrist treatments. 
In Chapter 2, we determined the MIC for 36 combinations of hand or wrist conditions and 
associated treatments. In Chapter 3, we evaluated the accuracy and precision of multiple 
methods, including a new Item Response Theory-based method, to calculate the PASS. 
In Chapter 4, we used the new Item Response Theory-based method to determine the 
PASS for all multi-item PROMs for 35 diagnosis-treatment combinations for hand and 
wrist conditions. 

PART II: CLINICALLY IMPORTANT OUTCOMES OF TREAT-
MENT (STRATEGIES) FOR THUMB BASE OSTEOARTHRITIS 

The second part of this thesis aimed to determine clinically relevant outcomes of both 
nonsurgical and surgical treatment options for thumb base osteoarthritis. In Chapter 5, we 
evaluated patient-reported outcomes and conversion to surgery five years after nonsurgical 
treatment for thumb base OA. In Chapter 6, we evaluated the prevalence of complications 
and the association between complications and treatment outcomes following trapeziectomy 
with a Weilby sling in patients with thumb base OA. In Chapter 7, we compared treatment 
outcomes of four different surgical techniques to treat thumb base OA. In Chapter 8, we 
combined outcomes with costs to evaluate the cost-effectiveness of four potential treatment 
strategies for thumb base OA over a 10-year period, taking both treatment-related and 
societal costs into account. 

PART III: PROGNOSTIC FACTORS FOR CLINICALLY IM-
PORTANT TREATMENT OUTCOMES (FOR THUMB BASE 
OSTEOARTHRITIS) 

The third part of this thesis aimed to study which factors explain variation in treatment 
outcomes. In Chapters 9 and 10, we studied how expectations and mindset factors are 
associated with pain and hand function before and three months after the start of nonsurgical 
treatment for thumb base OA. In Chapter 11, we aimed to explain satisfaction with 
treatment results following nonsurgical thumb base OA treatment. In Chapter 12, we aimed 
to identify factors associated with satisfaction with the treatment results and willingness 
to undergo the treatment again for six common hand and wrist disorder treatments. Since 
Chapters 10, 11, and 12 showed that expectations were strongly associated with treatment 
outcomes, we tried to understand which factors drive pre-treatment expectations for 
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patients with hand and wrist conditions in Chapter 13. In Chapter 14, we studied the 
outcomes of patients involved in a personal injury claim. In other fields, personal injury 
claim involvement has been associated with worse treatment outcomes after surgery, but 
it is unknown whether this association is present for patients treated (non)surgically for 
hand and wrist conditions. 

PART IV: DEVELOPMENT, VALIDATION, AND ADDED 
VALUE OF PREDICTION MODELS IN HAND SURGERY 

The final part of this thesis focused on developing and validating individual prediction 
models to inform patients about their individual probability of a clinically important 
treatment outcome, aiming for the models to be implemented in clinical practice. 
In Chapters 15 and 16, we developed and internally validated prediction models for the 
probability of a clinically relevant improvement in symptoms following carpal tunnel 
release surgery and surgical treatment for thumb base OA, respectively. In Chapter 17, 
we evaluated the added clinical value of the carpal tunnel release prediction model by 
comparing predictions made by hand surgeons with predictions made by the prediction 
model. In Chapter 18, we performed a systematic review of the literature regarding 
prediction models for outcomes of upper extremity surgery, where we assessed the clinical 
applicability of published prediction models. Finally, we evaluated whether a single 
prediction model can be used for multiple hand and wrist conditions and compared the 
performance of this model to the typical condition-treatment-specific prediction models 
in Chapter 19.

This thesis will be concluded with a general discussion, where the findings and future 
perspectives will be discussed (Chapter 20). 
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ABSTRACT 

Background 
Patient-reported outcome measures (PROMs) are frequently used to assess treatment outcomes 
for hand and wrist conditions. To adequately interpret these outcomes, it is important to 
determine whether a statistically significant change is also clinically relevant. For this 
purpose, the minimally important change (MIC) was developed, representing the minimal 
within-person change in outcome that patients perceive as a beneficial treatment effect. 
Prior studies demonstrated substantial differences in MICs between condition-treatment 
combinations, suggesting that MICs are context-specific and cannot be reliably generalized. 
Hence, a study providing MICs for a wide diversity of condition-treatment combinations for 
hand and wrist conditions will contribute to more accurate treatment evaluations. 

Questions/purposes 
(1) What are the MICs of the most frequently used PROMs for common condition-treatment 
combinations of hand and wrist conditions? (2) Do MICs vary based on the invasiveness 
of the treatment (nonsurgical treatment or surgical treatment)? 

Methods 
This study is based on data from a longitudinally maintained database of patients with 
hand and wrist conditions treated in one of 26 outpatient clinics in the Netherlands between 
November 2013 and November 2020. Patients were invited to complete several validated 
PROMs before treatment and at final follow-up. All patients were invited to complete the 
VAS for pain and hand function. Depending on the condition, patients were also invited 
to complete the Michigan Hand Outcomes Questionnaire (finger and thumb conditions), 
the Patient-rated Wrist/Hand Evaluation (wrist conditions), or the Boston Carpal Tunnel 
Questionnaire (nerve conditions). Additionally, patients completed the validated Satisfaction 
with Treatment Result Questionnaire at final follow-up. Final follow-up timepoints were 
3 months for nonsurgical and minor surgical treatment (including, trigger finger release), 
and 12 months for major surgical treatment (such as, trapeziectomy). 

Our database included 55,651 patients, of whom we excluded 1528 patients who only 
required diagnostic management, 25,099 patients who did not complete the Satisfaction 
with Treatment Result Questionnaire, 3509 patients with missing data in the PROM of 
interest at baseline or follow-up, and 1766 patients who were part of condition-treatment 
combinations with less than 100 patients. The final sample represented 43% (23,749) of all 
patients and consisted of 36 condition-treatment combinations. In this final sample, 26% 
(6179) of patients were managed nonsurgically, and 74% (17,570) were managed surgically. 
Patients had a mean ± SD age of 55 ± 14 years, and 66% (15,593) of patients were women. 
To estimate the MIC, we used two anchor-based methods (the anchor mean change and the 
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MIC predict method), which were triangulated afterwards to obtain a single MIC. Applying 
this method, we calculated the MIC for 36 condition-treatment combinations, comprising 
22 different conditions, and calculated the MIC for combined nonsurgical and surgical 
treatment groups. To examine whether the MIC differs between nonsurgical and surgical 
treatments, we performed a Wilcoxon signed rank test to compare the MICs of all PROM 
scores between nonsurgical and surgical treatment. 

Results 
We found a large variation in triangulated MICs between the condition-treatment 
combinations. For example, for nonsurgical treatment of hand OA, the MICs of VAS pain 
during load clustered around 10 (interquartile range 8 to 11), for wrist osteotomy/carpectomy 
it was around 25 (IQR 24 to 27), and for nerve decompression it was 21. Additionally, the 
MICs of the MHQ total score ranged from 4 (nonsurgical treatment of CMC1 OA) to 15 
(trapeziectomy with LRTI and bone tunnel), for the PRWHE total score it ranged from 2 
(nonsurgical treatment of STT OA) to 29 (release of first extensor compartment), and for the 
BCTQ SSS it ranged from 0.44 (nonsurgical treatment of carpal tunnel syndrome) to 0.87 
(carpal tunnel release). An overview of all MIC values is available in a freely available 
online application at: https://analyse.equipezorgbedrijven.nl/shiny/mic-per-treatment/. 
In the combined treatment groups, the triangulated MIC values were lower for nonsurgical 
treatments than for surgical treatment (p < 0.001). The MICs for nonsurgical treatment can be 
approximated to be one-ninth (IQR 0.08 to 0.13) of the scale (approximately 11 on a 100-point 
instrument), while surgical treatment had MICs that were approximately one-fifth (IQR 0.14 
to 0.24) of the scale (approximately 19 on a 100-point instrument). 

Conclusion 
MICs vary between condition-treatment combinations and differ depending on the 
invasiveness of the intervention. Patients receiving a more invasive treatment have higher 
treatment expectations, may experience more discomfort from their treatment, or may feel that 
the investment of undergoing a more invasive treatment should yield greater improvement, 
leading to a different perception of what constitutes a beneficial treatment effect. 

Clinical Relevance 
Our findings indicate that the MIC is context-specific and may be misguiding if applied 
inappropriately. Implementation of these condition-specific and treatment-specific MICs 
in clinical research allows for a better study design to achieve more accurate treatment 
evaluations. Consequently, this could aid clinicians in better informing patients about 
the expected treatment results and facilitate shared decision-making in clinical practice. 
Future studies may focus on adaptive techniques to achieve individualized MICs, which 
may ultimately aid clinicians in selecting the optimal treatment for individual patients.
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INTRODUCTION 

In recent years, the use of patient-reported outcome measures (PROMs) has become 
standard practice in clinical research and daily clinics for interpreting treatment results 
from the patient’s perspective [28]. Unfortunately, clinicians are often faced with evidence 
that is challenging to interpret clinically as conclusions about treatment effects are often 
made from a statistical point of view [15, 16, 23, 27]. Statistically significant changes do 
not provide information about the magnitude of a treatment effect and therefore may not 
be meaningful to patients or clinicians. To interpret whether a statistically significant 
treatment effect is also clinically relevant, the minimally important change (MIC) concept 
is essential [23, 30, 40]. The MIC refers to the smallest change from baseline to post-
treatment that patients perceive as important. Although often used interchangeably with the 
minimum clinically important difference (MCID), the MCID indicates the importance of a 
difference in outcomes between treatment groups (such as, fasciectomy versus collagenase) 
and thus represents a distinct entity [23, 30, 40]. 

In hand surgery, the MIC has been determined for multiple PROMs, including the Michigan 
Hand outcomes Questionnaire (MHQ) [13, 18, 20-22, 35], the Patient-rated Wrist/Hand 
Evaluation (PRWHE) [31, 36], and Boston Carpal Tunnel Questionnaire (BCTQ) [21, 25, 
32]. However, we noticed in previous literature that MIC values for each PROM differ 
substantially not only between hand conditions, but also between different treatments 
for the same hand condition. For example, the MIC for the MHQ total score ranges from 
9 for patients undergoing trigger finger release [13] to 18 for patients after proximal 
interphalangeal joint arthroplasty [22]. In addition, patients with carpal tunnel syndrome 
treated surgically yielded a higher MIC than patients receiving steroid injections [32]. 

Rationale 
These findings suggest that MICs are context-specific and cannot always be reliably 
generalized to other condition-treatment combinations. For example, as treatments differ in 
invasiveness, rehabilitation periods, and experienced discomfort by patients, it is plausible 
that patients undergoing surgical treatment require a larger improvement before being 
satisfied compared with undergoing nonsurgical treatment. Hence, a study providing 
specific MICs for various condition-treatment combinations for hand and wrist conditions 
will contribute to more accurate treatment evaluations in clinical research. As a result, this 
could aid clinicians in better informing patients about the expected treatment results, which 
may facilitate shared decision-making in clinical practice. 

Therefore, we asked: (1) What are the MICs of the most frequently used PROMs for common 
condition-treatment combinations of hand and wrist conditions? (2) Do MICs vary based 
on the invasiveness of the treatment (nonsurgical treatment or surgical treatment)? 
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PATIENTS AND METHODS 

Study Design 
This study is based on data from a longitudinally maintained database of patients with 
hand and wrist conditions (the Hand-Wrist Study Cohort), reported according to the 
Strengthening the Reporting of Observational Studies in Epidemiology statement [41]. 
The cohort and data collection [34] and their use in daily clinical care [11] have been 
described in more detail. 

Setting 
Between November 2013 and November 2020, we collected data at Xpert Clinics Hand 
and Wrist Care and Xpert Clinics Hand Therapy. Xpert Clinics currently comprises 26 
locations, 23 European Board-certified hand surgeons, and more than 150 hand therapists. 
As part of routine outcome measurements, we invited all patients to complete PROMs 
before and at fixed timepoints after treatment based on the measurement track [34, 43]. 

Participants 
For each outcome, we included all condition-treatment combinations consisting of at least 
100 patients with data for the PROMs of interest at baseline and at the final follow-up 
examination. For nonsurgical treatments (such as hand therapy for thumb base osteoarthritis 
or a steroid injection for trigger finger) and minor surgical treatments (such as trigger 
finger release or carpal tunnel release), the final follow-up was at 3 months post-treatment. 
For major surgical treatments (for example, trapeziectomy or proximal row carpectomy), 
the final follow-up was 12 months post-treatment (Supplementary Table 1; supplemental 
materials are available with the online version of CORR®). 

To prevent ceiling effects, we excluded patients with a baseline score of 90 or more points 
for the MHQ total or subscale scores or VAS pain, at most 10 points for the PRWHE total 
score or VAS hand function, 5 points or less for the PRWHE pain and hand function 
score, or no more than 1.4 points for the BCTQ subscales because this may result in an 
underestimation of the MIC [18]. The exact numbers of included patients for each PROM 
subscale and each condition-treatment combination can be found in our freely available 
online application at: https://analyse.equipezorgbedrijven.nl/shiny/mic-per-treatment/. 

During the study period, 55,651 patients were treated for a hand or wrist condition. 
We excluded 1528 patients who only required diagnostic management (such as, diagnostic 
wrist arthroscopy), 25,099 patients who did not complete the Satisfaction with Treatment 
Result Questionnaire, 3509 patients with missing data in the PROM of interest at baseline 
or follow-up, and 1766 patients who were part of condition-treatment combinations with less 
than 100 patients. Our final sample represented 43% (23,749 of 55,651) of all patients and 
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consisted of 36 condition-treatment combinations (Fig. 1). Of these, 26% (6179 of 23,749) 
received nonsurgical treatment and 74% (17,570 of 23,749) received surgical treatment 
(Table 1). The mean ± SD age of the nonsurgically managed patients was 57 ± 15 years, 
and 73% (15,593) were women. The surgically managed patients had a mean ± SD age of 
55 ± 14 years and 63% (11,114) were women. 

Variables and Measurements
As part of routine follow-up, we invited all patients to complete the VAS for pain and hand 
function, regardless of the condition-treatment combination. Additionally, patients were 
invited to complete a more disease-specific PROM (the MHQ, the PRWHE, or the BCTQ). 
This was dependent on the condition-treatment combination and associated measurement 
track [34]. In brief, wrist conditions were assessed with the PRWHE, finger and thumb 
conditions with the MHQ, and nerve conditions with the BCTQ. 

We used the VAS to examine pain (scale of 0-100; higher scores indicate more pain) 
and function (scale of 0-100; higher scores indicate poorer function). The VAS for pain 
was measured for three situations: pain at rest, pain during physical load, and average pain 
during the past week. The VAS has high test-retest reliability, good ability to detect change, 
and acceptable concurrent validity [12].

The MHQ consists of six domains (overall hand function, work performance, activities of 
daily living, pain, aesthetics, and satisfaction with hand function), each with a score ranging 
from 0 to 100 [4]. Higher scores indicate better performance, except for the subscale of 
pain. For interpretability, we reverted the pain subscale such that higher scores indicate 
less pain. We analyzed scores of the affected hand. The MHQ has been shown to have a 
high test-retest reliability, internal consistency, internal validity, and good responsiveness 
to change [4, 35]. 

The PRWHE is a validated questionnaire [19] with high internal consistency and reliability 
[26]. The PRWHE assesses the domains of pain and function, with scores ranging from 
0 to 50 (higher scores indicate worse outcomes). The total score is calculated as the sum 
of both domains. 

The BCTQ is a validated questionnaire comprising two domains: the Symptom Severity 
Scale and Functional Status Scale, with scores ranging from 1 to 5 (higher scores indicate 
more complaints) [17]. The BCTQ has good validity, reliability, and responsiveness [14]. 

To assess satisfaction with treatment results, we invited all patients to answer an additional 
question from the Satisfaction with Treatment Result Questionnaire: “How satisfied are 
you with the treatment result thus far? [7]. Responses were limited to one of the following 
items, scored on a Likert scale: excellent, good, fair, moderate, or poor. This questionnaire 
has recently been reported to be reliable and has good construct validity [7]. 
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Primary and Secondary Study Outcomes 
The primary aim of this study was to determine the MICs of four PROMs for a variety 
of condition-treatment combinations of hand and wrist conditions. To achieve this, we 
estimated the MICs of all PROMs for each condition-treatment combination using two 
anchor-based methods: the anchor mean change method and the MIC predict method [38, 
39]. The weighted mean of both methods was considered to represent the MIC. 

Our secondary aim was to examine whether the MIC differs based on the invasiveness of 
the treatment (nonsurgical treatment or surgical treatment). To achieve this, we performed 
a Wilcoxon signed rank test to compare the MICs of the PROM scores of nonsurgical and 
surgical treatments. 

Ethical Approval 
Ethical approval for this study was obtained from the Erasmus MC University Medical 
Center, Rotterdam, the Netherlands (MEC-2018-1088). 

Study Size and Statistical Methods
To our knowledge, there are no recommendations regarding sample size for calculating an 
MIC. However, we considered that 100 patients would be sufficient to calculate a condition 
and treatment-specific MIC. In general, the MIC can be determined with distribution-based, 
anchor-based, or qualitative methods [33, 37]. Although the ideal method is still under 
discussion, anchor-based methods are the most frequently used and preferred approaches 
[15, 29, 33, 40]. We used two anchor-based methods to determine the MICs for each PROM: 
the anchor mean change method and the MIC predict method [38, 39]. For both methods, 
we used satisfaction with treatment result as an anchor. 

Anchor mean change methods determine the MIC based on the group of patients reporting 
minimal improvement on the anchor question [29]. Using the satisfaction with the treatment 
result as anchor question, the response option fair was considered a minimal improvement. 
Hence, the MIC was defined as the mean change in the PROM of interest of patients 
rating their satisfaction with treatment results as fair in the anchor mean change method. 
To determine whether the anchor was suitable for further analyses, we calculated the 
Spearman correlation coefficient between the anchor question and change on the PROM 
of interest. Following current standards, an absolute correlation at least 0.3 was considered 
sufficient [29]. Because MIC values depend on baseline values [1], we also reported the 
baseline values of all PROMs before nonsurgical treatment, minor surgery, and major 
surgery (Table 2).

The MIC predict method is a receiver operating characteristic method that provides 
more accurate estimates when the groups of satisfied and dissatisfied patients are not 
equal in size [38, 39]. Because receiver operating characteristic curve methods require 
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dichotomization of the anchor question, patients rating their satisfaction with the treatment 
results as fair, good, or excellent were classified as satisfied. In contrast, we classified 
patients as dissatisfied if they rated their satisfaction as moderate or poor. We used the 
receiver operating characteristic curve method to determine the change in score on the 
PROM of interest that distinguished between satisfied and dissatisfied patients with the 
highest sensitivity and specificity, based on the Youden index [45]. Discriminative ability 
was considered sufficient if the area under the curve was at least 0.75 [10]. As mentioned, 
the MIC predict method allows for correction of imbalance in group sizes of satisfied and 
dissatisfied patients, because unequal group sizes may lead to biased MIC estimates [38, 
39]. In our study, a larger proportion of patients were satisfied with their treatment (78% 
(4832 of 6179) for nonsurgical treatment and 86% (15,077 of 17,570) for surgical treatment). 
We therefore corrected the number of satisfied patients using logistic regression analysis, 
as described by Terluin et al. [38, 39]. To obtain a single MIC value, we triangulated the 
MIC estimates of both methods, assigning more weight (2:1) to the MIC predict method. 
The weighted mean of both methods was determined to represent the MIC. 

To examine whether the MIC differs based on the invasiveness of the treatment, we 
compared the MICs of all PROM scores that were available for both nonsurgical and 
surgical treatment using a Wilcoxon signed rank test. We performed a nonresponder 
analysis to compare the characteristics of patients who completed all questionnaires of 
interest (47% (25,515 of 54,123) responders) and patients who did not (53% (28,608 of 
54,123) nonresponders). For normally distributed continuous variables, we used t-tests. 
For non-normally distributed continuous variables, we used the Wilcoxon test. Chi-square 
tests were used to compare categorical variables. Additionally, effect sizes for differences 
were calculated. We calculated the Cohens d for continuous variables and the Cliff delta 
for categorical variables. In the nonresponder analysis, we found differences in the type of 
treatment, age, gender, and duration of symptoms (Supplementary Table 2; supplemental 
materials are available with the online version of CORR®), with absolute effect sizes 
ranging from 0.00 to 0.14, indicating very small effects [5]. All analyses were performed 
using R statistical software, version 4.0.1 (R core team). A p-value smaller than 0.05 was 
considered statistically significant. 

RESULTS

MICs for Common Condition-treatment Combinations 
We observed substantial variation in the MICs for different condition-treatment 
combinations. For example, the MICs of VAS pain during load for nonsurgical treatment of 
hand OA clustered around 10 (interquartile range 8 to 11), for wrist osteotomy/carpectomy 
the MIC was around 25 (IQR 24 to 27), and for nerve decompression it was 21 (Table 3). 



35

MICs of four common hand and wrist PROMs

2

Additionally, the MICs of the MHQ total score ranged from 4 (nonsurgical treatment of 
CMC1 OA) to 15 (trapeziectomy with LRTI and bone tunnel) (Table 4), for the PRWHE total 
score it ranged from 2 (nonsurgical treatment of STT OA) to 29 (release of first extensor 
compartment) (Table 5), and for the BCTQ SSS it ranged from 0.44 (nonsurgical treatment 
of carpal tunnel syndrome) to 0.87 (carpal tunnel release) (Table 6). 

MIC values per calculation method, and triangulated MIC values are freely available in an 
online application at https://analyse.equipezorgbedrijven.nl/shiny/mic-per-treatment/. This 
online application allows users to select a treatment for which all MIC values and more 
details of the MIC calculation for all available PROM subscales are shown.

MICs Vary with the Invasiveness of Treatment 
We found that MICs among the combined treatment groups were lower for non-surgical 
treatment compared to surgical treatment (p<0.001). The MICs for nonsurgical treatment 
can be approximated to be one-ninth (IQR 0.08 to 0.13) of the scale (approximately 11 on 
a 100-point instrument), while surgical treatment had MICs that were approximately one-
fifth (IQR 0.14 to 0.24) of the scale (approximately 19 on a 100-point instrument). 

DISCUSSION 

Because the use of PROMs has become standard practice in clinical research, further 
insight into MICs for specific conditions and treatments is essential to accurately interpret 
whether a change is clinically relevant. In this large, multicenter study, we were able to 
provide condition-specific and treatment-specific MICs of four commonly used PROMs 
for hand and wrist conditions. This study shows that MICs differ between condition-
treatment combinations. Furthermore, we found higher MICs for surgical treatments than 
for nonsurgical treatments. These findings indicate that the MIC is context-specific and 
that it may be misleading if applied inappropriately. Implementation of these condition-
specific and treatment-specific MICs in clinical research allows for a better study design 
to achieve more accurate treatment evaluations. Consequently, this could aid clinicians 
in better informing patients about the expected treatment results and facilitate shared 
decision-making in clinical practice. 

Limitations 
This study also has several limitations. One limitation is that the observational design 
of this study was associated with a large proportion of missing data. However, although 
53% (28,608 of 54,123) of patients did not complete all questionnaires of interest, our 
nonresponder analysis indicated that the differences between responders and nonresponders 
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had very small effect sizes. Hence, we are confident that these small differences did not 
affect our findings. 

A second limitation of the observational design with routine outcome measurement 
data is that the actual treatment may have deviated from these protocols based on the 
clinician’s expertise and patient’s preference despite our standardized treatment protocols. 
For example, there may be differences between patients in the number of hand therapy 
sessions or steroid injections. Although readers should be aware that the MICs we provided 
may be influenced by some variation in treatment strategies, these deviations are highly 
representative for actual daily practice, resulting in more generalizable MIC values. 

Third, we only performed analyses on the effect of treatment invasiveness on the MIC. It is 
plausible that MICs also vary depending on cultural or sociodemographic characteristics [2]. 
To address this, two previous studies evaluated factors contributing to differences in MICs 
of several questionnaires in patients with adult spinal deformity [3, 46]. Interestingly, they 
demonstrated that MICs did not vary based on age or sex, whereas they found substantial 
differences based on the baseline severity [3]. Moreover, consistent with our findings, they 
found considerably higher MICs for surgical treatment than nonsurgical treatment on all 
questionnaires, suggesting that the invasiveness of the treatment may be a more influential 
factor than the sociodemographic characteristics [46]. 

Fourth, it is well-known that MICs can vary depending on the method used [24]. In this 
study, we only used anchor-based methods. Although the ideal method is still under 
discussion, anchor-based methods are generally preferred as these take relevant changes 
from the patient’s perspective into account  [15, 29, 33, 40]. We determined the MIC with an 
anchor question assessing satisfaction with the treatment result. Some authors recommend 
using an anchor question that is based on a scale rating the change in outcome measured on 
that specific outcome domain [33]. However, the MIC is defined as “the smallest change in 
an outcome measure that patients perceive as important” [9]. Considering this definition, 
we believe that satisfaction with the treatment result is an accurate measure of patients’ 
perceived improvement. This is also in line with prior studies in hand surgery, in which 
patient-reported satisfaction was commonly used as an anchor question [13, 18, 20, 21, 
35]. However, by using this anchor question, we were unable to determine the MIC for all 
subdomains of all PROMs for all hand conditions because of a low correlation with the 
anchor question. This was primarily the case for the MHQ subdomain of aesthetics. Because 
the most profound complaints in these specific hand conditions are pain and difficulties 
with hand function, this subdomain might be irrelevant to these specific conditions, 
accounting for the low correlation with satisfaction.

Finally, we were unable to determine the smallest detectable change because patients were 
only asked to complete the PROMs once at the last measurement post-treatment. Some 
MIC values we reported are low, and it is unclear whether these MIC values exceed the 
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smallest detectable change for this specific outcome. This mostly occurred for nonsurgical 
treatments in combination with outcome domains that may not be the most relevant for 
these patients and where little improvement may be expected with treatment (for example, 
the VAS during load for nonsurgical treatment of cubital tunnel syndrome and MHQ hand 
function for nonsurgical treatment of CMC1 osteoarthritis). However, as MICs should 
mainly be used to interpret clinically relevant changes on a group level, comparisons with 
the smallest detectable changes may be less important, because random measurement error 
may be canceled out at the group level [2].

MICs for Condition-treatment Combinations 
We found large differences in MICs for different condition-treatment combinations, 
indicating that MICs cannot be reliably applied to other condition-treatment combinations. 
This is in line with prior literature, demonstrating substantial variation in MICs for different 
condition-treatment combinations. However, MICs for specific condition-treatment 
combinations are comparable to those reported in literature, including MICs for the BCTQ 
in patients undergoing carpal tunnel release [6] or cubital tunnel release [21], and for the 
MHQ in patients with a PIP prosthesis [22] or trigger finger release [13]. 

The comprehensive overview of MIC values provided in this study contributes to the 
application of more accurate MICs in clinical research, resulting in better treatment 
evaluations which may improve patient counseling and management strategies [40]. 
For example, MICs can be used as a threshold to determine the percentage of patients 
reaching the MIC in clinical research. Insight into these percentages could aid clinicians in 
informing patients about the expected treatment results and may facilitate shared decision-
making in clinical practice. However, although the percentage of patients reaching the MIC 
will probably be correct on a group level, this threshold may not apply to individual patients 
as all patients have an individual threshold of what they consider an important change. 
Therefore, it is highly recommended to use the MIC as a probabilistic value, rather than 
a deterministic cutoff, when applied to individual patients. Future studies may focus on 
adaptive techniques to achieve individualized MICs as proposed by Zhou et al. [47], which 
may ultimately aid clinicians in selecting the optimal treatment for individual patients.

MICs Varies with the Invasiveness of Treatment 
The finding that MICs differ depending on the invasiveness of the intervention indicates 
that a more invasive treatment requires a larger improvement in these subdomains for 
patients to experience satisfaction with the treatment result. Patients receiving surgical 
treatment might experience more disability and discomfort from their treatment than 
patients receiving nonsurgical treatment. Consequently, patients treated nonsurgically 
may be more satisfied with their treatment result when they experience only a small 
improvement, resulting in a lower MIC. 
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Although it is plausible that the treatment invasiveness accounts for the variation in MICs, 
one might also suggest that differences in the groups being compared cause the variation. 
For example, the follow-up periods differed from 3 months for nonsurgical and minor 
surgical treatments to 12 months for major surgical treatments. A study in patients receiving 
decompression of ulnar neuropathy demonstrated that the MIC of the BCTQ was lower at 
3 months than at 6 months [21]. However, they found no difference in the MIC at 6 and 12 
months postoperatively, suggesting that the MIC is stable if the functional recovery period 
is reached. The follow-up periods we used in this study align with the ICHOM standard set 
for hand and wrist conditions, representing the clinical endpoints of the specific treatments 
[43]. Hence, despite differences in the follow-up periods between treatments, we believe 
these clinical endpoints are most suitable for assessing the final treatment effects. 

In addition, another factor potentially contributing to these differences is variation in 
baseline characteristics [8, 42]. A study comparing the baseline characteristics of patients 
with CMC1 osteoarthritis treated surgically and those treated nonsurgically found that 
surgically treated patients had worse baseline PROM scores, worse illness perceptions 
and catastrophization, and higher treatment expectations [44]. Although we only observed 
small differences in baseline scores between surgical and nonsurgical treatment groups, 
we did not take psychological characteristics and treatment expectations into account. It is 
plausible that patients with a worse psychological profile or higher treatment expectations 
may need more improvement in order to be satisfied with treatment results, resulting in a 
higher MIC. Future studies may examine factors contributing to these differences in MICs 
to improve expectation management for individual patients. 

Conclusion 
MICs differ between diagnosis-treatment combinations and particularly differ depending 
on the invasiveness of the intervention. These findings indicate that the MIC is context-
specific and may be misguiding if applied inappropriately. Hence, implementation of 
these condition-specific and treatment-specific MICs in clinical research allows for a 
better study design to achieve more accurate treatment evaluations. Consequently, this 
could aid clinicians in better informing patients about the expected treatment results 
and facilitate shared decision-making in clinical practice. Future studies may focus on 
adaptive techniques to achieve individualized MICs reflecting clinically relevant change to 
individuals instead of groups, which may ultimately aid clinicians in selecting the optimal 
treatment for individual patients. 
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Figure 1. This flowchart shows the patients who were included in our study. As patients were invited to 
complete the VAS and one other PROM most suitable for their diagnosis, the total number indicated at the 
top of the box is less than the total number of PROM responses. 



44

Chapter 2

Figure 2. This figure shows triangulated MIC values for the VAS, MHQ, PRWHE, and BCTQ, categorized 
by treatment group (nonsurgical and surgical). Results are presented as the triangulated MIC value (dots). 
For interpretability, we converted the PRWHE and BCTQ subscales (depicted with an asterisk) to a 100-point 
scale. The dashed lines represent the median MIC values for nonsurgical (red) and surgical (blue) treatments. 
Overall, this figure shows that MIC values are higher for surgical treatments (median 19 points; IQR 14-24) 
compared to nonsurgical treatments (median 11 points; IQR 8-13).
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Table 1. Patient characteristics per treatment group for patients with complete data for at least one 
PROM and satisfaction with treatment results 

Parameter All included 
patients 
(n = 23,749)

Nonsurgical 
treatment 
(n = 6179)

Surgical treatment (n = 
17,570) 

Age in years 55 ± 14 57 ± 15 55 ± 14

Gender  

Women 66 (15,593) 73 (4479) 63 (11,114)

Duration of symptoms in months 11 (5-24) 6 (3-15) 12 (6-24) 

Hand dominance  

Right 88 (20,888) 89 (5488) 88 (15,400)

Left 9 (2107) 8 (500) 9 (1607)

Both 3 (754) 3 (191) 3 (563) 

Affected side  

Right 55 (12,977) 52 (3239) 55 (9738)

Left 43 (10,242) 40 (2445) 44 (7797) 

Both 2 (530) 8 (495) 0.2 (35)

Occupational intensity  

Not employed 38 (8920) 35 (2134) 39 (6786)

Light (such as working in an office) 27 (6346) 28 (1713) 26 (4633) 

Moderate (such as working in a shop) 24 (5760) 27 (1635) 23 (4125) 

Heavy (such as working in 
construction)

11 (2723) 11 (697) 12 (2026)

Involved in a personal injury claima

Yes 2 (311) 2 (102) 2 (209)

Data presented as mean ± SD, % (n), or median (IQR). 
aThis information was available for a selection of patients (all included patients: n = 17,413, nonsurgical treatment: 
n = 5193, surgical treatment: n = 12,220); PROM = Patient-reported outcome measure.
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Table 2. Baseline PROM scores per type of treatment are shown to provide a reference on symptom 
severity before treatment and the relativity of the MIC

Parameter PROM 
range

Nonsurgical treatment, 
mean ± SD 
(n = 6179)

Surgical treatment, 
mean ± SD 
(n = 17,570)

Effect 
size

VAS pain during load 0-100 59 ± 25 55 ± 30 0.15

VAS pain at rest 0-100 35 ± 26 38 ± 28 -0.09

VAS average pain 0-100 49 ± 24 48 ± 27 0.07

VAS hand function 0-100 52 ± 25 50 ± 26 0.09

MHQ total score 0-100 62 ± 15 64 ± 18 -0.19

MHQ pain 0-100 50 ± 19 56 ± 24 -0.24

MHQ hand function 0-100 59 ± 18 62 ± 19 -0.12

MHQ work 0-100 63 ± 26 69 ± 28 -0.23

MHQ ADL 0-100 70 ± 20 74 ± 23 -0.20

MHQ aesthetics 0-100 82 ± 20 79 ± 20 0.17

MHQ satisfaction 0-100 46 ± 23 49 ± 26 -0.12

PRWHE total score 0-100 56 ± 21 60 ± 21 -0.20

PRWHE pain 0-50 30 ± 11 32 ± 10 -0.19

PRWHE hand function 0-50 26 ± 12 28 ± 12 -0.19

BCTQ symptom 
severity scale 

1-5 2.6 ± 0.7 2.9 ± 0.7 -0.35

BCTQ functional status 
scale

1-5 2.3 ± 0.8 2.5 ± 0.8 -0.19

PROM = Patient Reported Outcome Measure; MIC = Minimum Important Change; VAS = Visual Analog Scale; 
MHQ = Michigan Hand outcomes Questionnaire; ADL = Activities of Daily Living; PRWHE = Patient Rated Wrist/
Hand Evaluation; BCTQ = Boston Carpal Tunnel Questionnaire 
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Table 3. Triangulated MIC values per treatment (group) for VAS subscales pain during load, pain at rest, 
average pain, and hand functiona 

VAS pain 
during load 
(0-100)

VAS pain at 
rest (0-100)

VAS average 
pain
(0-100)

VAS hand 
function 
(0-100)

All 20 20 19 17
Nonsurgical treatment 13 12 11 10
Surgical treatment 23 23 23 19
Nonsurgical treatment of:
Carpal tunnel syndrome 13 17 14 NAb

Cubital tunnel syndrome -3 NAc NAc 4
Tendinitis/tenosynovitis wrist 19 15 18 16
Trigger finger 13 12 10 10
Trigger thumb 17 11 15 10
CMC-1 OA 8 9 8 6
CMC-1 instability 14 13 13 14
STT OA 10 10 6 8
MCP/PIP/DIP OA 11 12 11 NAb

UCL/RCL/VP injury MCP/PIP/DIP 10 NAc 16 15
Mallet finger NAc NAb NAc 12
Midcarpal instability/laxity 15 15 14 12
Minor surgical treatments:
Carpal tunnel release 21 28 25 18
Cubital tunnel release 21 21 21 17
Release of the first extensor compartment 32 27 28 24
Trigger finger release 24 21 21 18
Trigger thumb release 28 23 25 22
Excision of volar wrist ganglion 22 23 21 21
Excision of dorsal wrist ganglion 24 24 21 16
Mucoid cyst excision finger 13 17 12 13
Percutaneous needle aponeurotomy (possibly 
with lipofilling)

12 14 14 NAb

Major surgical treatments:
Corrective osteotomy distal radius 25 20 23 26
Ulna shortening osteotomy 24 22 22 24
TFCC reinsertion 25 22 22 22
Proximal row carpectomy 27 21 25 18
Osteosynthesis for non-union of scaphoid 
fracture

NAb NAc NAb 22

Pisiformectomy 25 20 23 21
Dorsal capsulodesis wrist (possibly combined 
with dorsal ganglion excision)

27 23 26 19

Three-ligament tenodesis (Brunelli) 23 17 19 19
Limited fasciectomy (possibly with skingraft) 14 18 14 19
Trapeziectomy with LTRI using the FCR 
(Weilby technique)

29 26 28 21
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VAS pain 
during load 
(0-100)

VAS pain at 
rest (0-100)

VAS average 
pain
(0-100)

VAS hand 
function 
(0-100)

Trapeziectomy with LRTI using the FCR and 
bone tunnel (Burton-Pellegrini technique)

32 31 27 23

Other surgical treatments for CMC-1 OA 33 27 33 23
CMC-1 instability treated surgically 25 20 23 19
PIP prosthesis 30 NAb NAb 13
UCL reinsertion MCP-1 25 NAc NAc 23

a These scores represent the MIC per condition-treatment combination and for nonsurgical and surgical treatment 
overall. 
b Insufficient correlation
c Insufficient number of patients
MIC = Minimum important change; CMC-1 = First carpometacarpal joint; OA = Osteoarthritis; STT = 
Scaphotrapeziotrapezoid joint; MCP = Metacarpal joint; PIP = Proximal interphalangeal joint; DIP = Distal 
interphalangeal joint; UCL = Ulnar collateral ligament; RCL = Radial collateral ligament; VP = Volar plate; TFCC 
= Triangular fibrocartilage complex; LRTI = Ligament reconstruction and tendon interposition; FCR = Flexor 
carpi radialis 
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Table 5. Triangulated MIC values per treatment (group) for PRWHE total score and subscales 

PRWHE total 
score (0-100)

PRWHE pain 
score (0-50)

PRWHE function 
score (0-50)

All 20 10 11

Nonsurgical treatment 13 7 7

Surgical treatment 24 12 13

Nonsurgical treatment of:

Tendinitis/tenosynovitis wrist 17 9 10

STT OA 2 2 1

Midcarpal instability/laxity 10 6 5

Minor surgical treatments:

Release 1st extensor compartment 29 14 16

Excision of volar wrist ganglion 16 9 9

Excision of dorsal wrist ganglion 20 11 10

Major surgical treatments:

Corrective osteotomy distal radius 26 11 15

Ulna shortening osteotomy 22 10 12

Open TFCC reinsertion 24 12 13

Proximal row carpectomy 21 12 10

Osteosynthesis for non-union of scaphoid 
fracture

26 12 15

Pisiformectomy 24 11 13

Dorsal capsulodesis wrist (possibly combined 
with dorsal ganglion excision)

21 11 11

Three ligament tenodesis (Brunelli) 22 12 12

MIC = Minimum important change; PRWHE = Patient-Rated Wrist/Hand Evaluation; STT = Scaphotrapeziotrapezoid 
joint; OA = Osteoarthritis; TFCC = Triangular fibrocartilage complex 
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Table 6. Triangulated MIC values per treatment (group) for BCTQ symptom severity scale and 
BCTQ functional status scale

BCTQ symptom severity 
scale (1-5)

BCTQ functional 
status scale (1-5)

All 0.79 0.52

Nonsurgical treatment 0.43 0.32

Surgical treatment 0.84 0.56

Nonsurgical treatment of:

Carpal tunnel syndrome 0.44 0.36

Cubital tunnel syndrome NAa NAa

Surgical treatment:

Carpal tunnel release 0.87 0.57

Cubital tunnel release 0.60 0.47

aInsufficient number of patients
MIC = Minimally Important Change ; BCTQ = Boston Carpal Tunnel Questionnaire
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ESTIMATING MEANINGFUL THRESHOLDS 

FOR MULTI-ITEM QUESTIONNAIRES USING 
ITEM RESPONSE THEORY 

Terluin, B., Koopman, J. E., Hoogendam, L., Griffiths, P., Terwee, C. B., Bjorner, J. 
B. (2023). Quality of life research : an international journal of quality of life aspects of 

treatment, care and rehabilitation, 32(6), 1819–1830. 

My contribution to this publication was that I did the analyses to calculate the PASS for 
the MHQ pain score after trigger finger release, and I contributed to the writing and the 
revision of the manuscript. I have included this publication in my thesis, because the method 
we introduce here is used to calculate an overview of PASS values for several PROMs and 
hand-wrist conditions in our study “What are the Patient Acceptable Symptom State values 
of commonly used multi-item Patient-Reported Outcome Measures for 35 hand and wrist 
condition-treatment combinations?”, accounting for the methodological considerations we 
learned from the simulation. 
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ABSTRACT 

Purpose 
Meaningful thresholds are needed to interpret patient-reported outcome measure (PROM) 
results. This paper introduces a new method, based on item response theory (IRT), to 
estimate such thresholds. The performance of the method is examined in simulated datasets 
and two real datasets, and compared with other methods. 

Methods 
The IRT method involves fitting an IRT model to the PROM items and an anchor item 
indicating the criterion state of interest. The difficulty parameter of the anchor item 
represents the meaningful threshold on the latent trait. The latent threshold is then linked 
to the corresponding expected PROM score. We simulated 4500 item response datasets to 
a 10-item PROM, and an anchor item. The datasets varied with respect to the mean and 
standard deviation of the latent trait, and the reliability of the anchor item. The real datasets 
consisted of a depression scale with a clinical depression diagnosis as anchor variable and 
a pain scale with a patient acceptable symptom state (PASS) question as anchor variable. 

Results 
The new IRT method recovered the true thresholds accurately across the simulated datasets. 
The other methods, except one, produced biased threshold estimates if the state prevalence 
was smaller or greater than 0.5. The adjusted predictive modeling method matched the new 
IRT method (also in the real datasets) but showed some residual bias if the prevalence was 
smaller than 0.3 or greater than 0.7. 

Conclusions 
The new IRT method perfectly recovers meaningful (interpretational) thresholds for multi-
item questionnaires, provided the data satisfy the assumptions for IRT analysis. 
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INTRODUCTION 

The use of patient-reported outcome measures (PROMs) has become standard practice in 
clinical research and daily clinics due to the growing emphasis on patient-centered and 
value-based care. PROMs typically consist of multi-item questionnaires used to measure 
constructs (or “traits”), such as “depression” or “pain”. However, because PROM scores are 
often continuous scores without intrinsic meaning, there is a need for (clinically) meaningful 
thresholds or cutoff points to facilitate interpretation. Examples of meaningful thresholds 
include a diagnostic cutoff point for depression, and a patient acceptable symptom state 
(PASS) threshold for pain. Determining a meaningful threshold on a questionnaire 
requires the comparison with an external criterion indicating the presence or absence of a 
meaningful “state” (e.g., clinical depression, or an acceptable symptom state). For clarity, 
we provide some terminology in Box 1. 

Given that depression represents a continuous trait in the general population [1], the state 
clinical depression can be conceptualized as a level of depression above a certain threshold 
on this trait. Then, making a diagnosis of clinical depression can be seen as estimating a 
patient’s level of depression, based on their history, and to determine whether this level is 
above or below the threshold of clinical depression [2]. In this example, the threshold is 
agreed upon by the psychiatric professional community. 

The PASS represents a threshold of clinical importance beyond which patients consider their 
level of symptoms (e.g., pain) as acceptable [3]. A PASS threshold is typically determined 
using an “anchor” question like “Do you consider your current level of pain acceptable, 
yes or no?”. The question assumes that patients compare their perceived level of pain to a 
personal threshold (or benchmark) of acceptability. This PASS threshold probably differs 
across individuals. Thus, the best group-level PASS estimate would be the mean of the 
individual PASS thresholds in a group of patients. 

Given a continuous “test” variable (i.e., a variable holding the PROM scores) and a 
dichotomous “state” variable (i.e., a variable holding the state scores), the traditional method 
to determine a meaningful threshold or cutoff point is receiver operating characteristic 
(ROC) analysis. ROC analysis examines the sensitivity and specificity of all possible test 
scores with respect to their ability to classify subjects with respect to the meaningful 
state [4]. As a cutoff point, a test score can be selected based on its desired sensitivity 
and/or specificity, controlling the type and amount of misclassification. Often a so-called 
“best” or “optimal” cutoff point is chosen of which the difference between sensitivity and 
specificity is minimized (top-left criterion) or the sum of sensitivity and specificity is 
maximized (Youden criterion [5]; in large samples with normally distributed test scores 
both criteria identify the same threshold [6]). An optimal ROC threshold serves to classify 
subjects with the least amount of misclassification. 
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Box 1. Terminology

Trait: The construct of interest (e.g., depression or pain) that is intended to be 
measured by a PROM, usually a multi-item questionnaire. The construct itself is not 
directly observable, hence “latent”.  The latent trait is usually continuous. The PROM 
score provides an approximation of the true trait level. PROM scores are observed 
(i.e., manifest).

Perceived trait: The level of the latent trait as being perceived by the patient or by 
an observer (e.g., a clinician). The perceived trait is equal to the latent trait plus some 
random (measurement) error. 

State (of interest): A clinically meaningful condition that is characterized by a 
minimum level of a trait of interest. Examples of meaningful states are clinical 
depression and acceptable symptom state. 

Meaningful threshold: The minimum trait level above which a meaningful state is 
assumed to exist. The meaningful threshold can be thought of as a location on the 
latent trait (in which case the threshold is latent), or it can be thought of as a particular 
PROM score (in which case the threshold is manifest, and an approximation of the 
latent threshold). The term “cutoff point” can be used to indicate a manifest threshold 
of a PROM.

State assessment: The procedure used to determine whether or not a state of interest 
is present. The procedure is independent of the PROM of interest. Examples of 
state assessments are the making of a diagnosis of clinical depression by a trained 
professional, and the patient response to a targeted question (often called an “anchor” 
question). 

State scores: The results of state assessment. Typically, state scores are dichotomous: 
“1” for the state of interest is present, and “0” for the state is absent.

State difficulty: The level of a trait (defining a state of interest) where the probability 
that a state assessment results in establishing that the state of interest is present, is 
50%. 

A problem with using ROC analysis for identifying meaningful thresholds is that an optimal 
ROC cutoff point depends on the prevalence of the state. For any given cutoff point, an 
increase in the state prevalence results in an increase of the cutoff point’s sensitivity and 
a decrease of its specificity, whereas a decrease in the prevalence has the opposite effect 
[7]. An optimal ROC-based cutoff point with a balanced sensitivity and specificity in one 
particular situation (with a certain prevalence) will, therefore, not be the optimal cutoff 
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point with the same sensitivity-specificity balance in another situation. In other words, an 
optimal ROC cutoff point is context specific [8]. As a meaningful threshold is principally 
independent of the state prevalence, the optimal ROC cutoff point may not identify the 
meaningful threshold on a continuous construct [2]. Only if the state prevalence is 50%, 
the optimal ROC cutoff point will correspond to the meaningful threshold [2]. In other 
words, whereas the optimal ROC cutoff point will correspond to the meaningful threshold 
performs excellently in classifying cases and non-cases with minimal misclassification in 
specific situations, it is not suitable to identify the (mean) threshold on a continuous trait, 
as defined by clinical or patient criteria.

An alternative to ROC analysis is predictive modeling, which involves logistic regression 
analysis using the state variable as the outcome and the test variable as the predictor 
variable [9]. The optimal cutoff point is the test score that is equally likely to occur in the 
state-positive group as in the state-negative group (i.e., the likelihood ratio is 1). Predictive 
modeling identifies about the same cutoff point as ROC analysis, but with greater precision 
[9]. However, like the optimal ROC cutoff point, the predictive modeling cutoff point 
depends on the state prevalence [10]. The prevalence-related bias in the predictive modeling 
cutoff point depends on the reliability of the state variable, the standard deviation (SD) 
of the test variable, and the point-biserial correlation between the test variable and the state 
variable. These parameters can be used to adjust the prevalence-related bias and recover 
the proper threshold across a wide range of state prevalences [11]. 

A third method, recently introduced, is based on item response theory (IRT) [2]. This 
method uses the state prevalence to estimate a meaningful threshold on the latent trait 
scale and subsequently determines the corresponding test score threshold. However, this 
method assumes perfect validity and reliability of the state scores, which is arguably 
questionable. It is currently unknown to which extent the reliability of the state scores 
affects the threshold estimate. 

This paper presents an improved IRT-based method to estimate meaningful thresholds, 
which is based on the work of Bjorner et al. [12] in estimating meaningful within-individual 
change thresholds using longitudinal IRT. Like Bjorner et al. [12], the new method uses 
the IRT difficulty parameter of the state scores, instead of the state prevalence to find the 
latent trait threshold of interest. We will demonstrate the performance of this method using 
simulation studies and two real datasets. We will compare the results with the ROC method, 
the predictive modeling method [9], the adjusted predictive modeling method [11], and the 
”old” state prevalence IRT method [2]. 
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METHOD 

Item response theory 
IRT aims to explain observed item scores by invoking an unobservable variable underlying 
these item scores [13]. For instance, the responses to the items of a depression scale can 
be thought of as being driven by an unobservable continuous variable (i.e., a latent trait) 
called “depression”. A popular IRT model is the graded response model (GRM) [14] that 
defines the probability of scoring in category c or above the following way: 

where, Xij is the response of person i to item j, θi is the score of person i on the latent trait. 
In principle, θ can take values from -∞ to + ∞.  

is the natural logarithm of the odds of person i scoring c or higher on item j. aj is the 
discrimination parameter for item j. The discrimination parameter refers to the slope of the 
option characteristic curves, and is a measure of how well the item (categories) distinguishes 
respondents high and low on the trait. bjc is the difficulty parameter for category c on item 
j. The difficulty parameter represents the trait level where the probability of endorsing 
response category c or higher is 50%. The difficulty parameter also indicates the level of 
the trait where the item response option is most informative.  

For an item with 4 response options (i.e., 0, 1, 2 and 3), Figure 1 shows the item–
trait relationship graphically as modeled using the GRM [14]. As a fitted IRT model 
mathematically describes the relationship between responses to the items of a scale and 
the θ values of the underlying trait, the model is not only able to estimate the trait level (θ) 
for a given set of responses to the items of a questionnaire, but it is also able to estimate the 
expected (i.e., mean) questionnaire score (i.e., the sum or test score) for a given trait level. 

A meaningful threshold can be thought of as a threshold located somewhere on the latent 
trait. Such a threshold can be estimated by including the dichotomous state variable in the 
IRT model, effectively treating the state variable as an extra item (Figure 2). The model 
for such a dichotomous item is: 

where



61

Estimating meaningful thresholds for multi-item questionnaires using item response theory

3

is the natural logarithm of the odds that person i is assessed to be in the state of interest s, 
as is the discrimination parameter of the state variable s, bs is the difficulty parameter of 
the state variable s. 

The logic behind this approach is that, like the questionnaire items, the state variable is an 
indicator of the latent trait. Adding the state variable to the IRT model yields a single option 
characteristic curve for the dichotomous state variable. Importantly, the model estimates a 
single difficulty parameter for the state variable, which represents the trait level where the 
probability of scoring 1 on the state variable is 50%. Interestingly, this point also represents 

the mean of the individual thresholds for endorsing the state item [12].1 Once the meaningful 
threshold is identified in terms of the latent trait level, the fitted IRT model provides the 
corresponding threshold in terms of the PROM score using the expected test score function. 

Simulations 
We simulated datasets with known individual meaningful thresholds to demonstrate how 
the new IRT method performs, relative to the ROC method, the predictive modeling method 
[9], the adjusted predictive modeling method [11] and the old IRT method based on the 
state prevalence [2]. The beauty of simulations is that the true meaningful threshold can be 
specified and simulated, and the results can be judged with respect to the extent to which 
the truth can be accurately recovered. 

We simulated multiple datasets with 1000 subjects. We used GRM IRT to simulate item 
responses to a hypothetical 10-item questionnaire, each item having 4 response options, 
based on a prespecified set of item parameters (see Supplementary File 1) and varying 
distributions of the latent trait (θ) (the simulation syntax is provided in Supplementary File 
1, section 2). We varied the mean of the normally distributed latent trait (θsim) across the 
values -1.4, -0.7, 0, 0.7 and 1.4 (thus simulating samples of low to high mean severity of the 
trait), and the standard deviation (SD) of θsim across 1, 1.5 and 2 (thus simulating more and 
less heterogeneous samples). Figure 3 shows the distribution of the latent traits (A-panels) 
and the resulting distribution of the 10-item scale scores (B-panels) for three example 

1	 At the location of the mean of the individual thresholds (given a normal distribution of those thresholds) 

50% of the individual thresholds are smaller than the θ-value at that location. Hence, for a random 

sample of respondents who are sitting exactly at the location of the mean of the individual thresholds, 

the probability that they have passed their individual threshold is 50%. Therefore, the probability that 

they endorse the state variable at that location is 50%. In other words, the difficulty of the state variable 

represents the meaningful threshold of interest. 



62

Chapter 3

datasets. If the mean θsim, matches the mean simulated b-parameter (Figure 3, dataset 1), the 
scale score was normally distributed. In case of a mismatch between the mean θsim and the 
mean b-parameter (Figure 3, datasets 2 and 3), the scale score became skewed and might 
even demonstrate floor or ceiling effects, despite the underlying latent trait (θsim) being 
normally distributed. Figure 3 also shows the expected test function curves obtained from a 
fitted GRM model (C-panels). By default, a GRM model assumes an underlying latent trait 
(denoted “modeled theta” or θmod) with a mean of zero and an SD of 1. Therefore, θmod is a 
linear transformation of θsim and a threshold on the simulated theta scale (θT

sim) corresponds 
to a threshold on the modeled theta scale (θT

mod) according to the following equation:

Note, however, that the expected test score corresponding to θT
sim = 0 was independent of 

the distribution of θT
sim. For illustration, consider dataset 3 in Figure 3. After IRT modeling 

and fitting the dataset, the threshold θT
mod, following the equation above, was (0 – 1.4)/2 = 

–0.7. Panel C shows the expected test score function of the fitted model (i.e., the relationship 
between θT

mod and the test score). Based on the expected test score function, the threshold 
θT

mod corresponded to an expected test score of 15.1. 

The state scores were simulated as follows. We assumed that the state assessment was based 
on the comparison of a “perceived trait” with the relevant threshold. Professionals making 
a depression diagnosis compare the perceived level of depression with the professionally 
defined threshold of clinical depression. Patients answering a PASS anchor question about 
pain compare their perceived level of pain with their personal thresholds of acceptability. 
The perceived trait was assumed to consist of the true trait (i.e., the latent trait θsim) and some 
“measurement error” (Figure 4) [15]. The measurement error was simulated to have a 
normal distribution with a variance chosen in such a way as to obtain reliability values of 
the perceived trait of 0.5, 0.7, or 0.9. The meaningful threshold (θT

sim) was arbitrarily set to 
be zero for all datasets. We did not simulate variability of the thresholds across subjects, as 
this would only add (a little) extra error to the perceived trait. The “observed” dichotomous 
state scores were then obtained by comparing the continuous perceived trait with the 
threshold (θT

sim). Thus, the state scores were a discretization of the underlying perceived 
trait variable. The observed state prevalence was the proportion of subjects who’s perceived 
trait exceeded the threshold. 

The exact true (i.e., as simulated) meaningful threshold in terms of the expected scale score, 
corresponding to θT

sim = 0, based on the simulated item parameters (see Supplementary File 
1, section 1) was 15.139 (see Supplementary File 1, section 3 for details of the calculation). 
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Real dataset: diagnostic thresholds 
The first real dataset consists of data from a trial involving primary care patients with 
emotional distress or minor mental disorders [16]. At baseline, 307 patients completed the 
Hospital Anxiety Depression Scale (HADS), a self-report questionnaire measuring anxiety 
and depression [17]. In addition, standardized psychiatric diagnoses were obtained by 
trained interviewers using the Composite International Diagnostic Interview (CIDI) [18]. 
The original study was approved by the ethical committee of The Netherlands Institute of 
Mental Health and Addiction and all patients provided written informed consent. We used 
the HADS depression scale and the CIDI mild, moderate, and severe major depressive 
disorder (MDD) diagnoses (criteria according to the Diagnostic and Statistical Manual, 
Fourth Edition; DSM-IV [19]). The HADS depression scale consists of 7 items with 4 
response options. Hence, the HADS depression total score ranges from 0 to 21 (0 = no 
depression, 21 = severe depression). We aimed to establish the clinical thresholds for mild, 
moderate, and severe MDD. To that end, we constructed 3 dichotomous state variables to 
be used in separate analyses in conjunction with the HADS items. The first state variable 
was used to establish the threshold for mild MDD, contrasting mild, moderate, and severe 
MDD (coded “1”) to no MDD (coded “0”). The second state variable was used to establish 
the threshold for moderate MDD, contrasting moderate and severe MDD (coded “1”) to no 
and mild MDD (coded “0”). The third state variable was used to establish the threshold 
for severe MDD, contrasting severe MDD (coded “1”) to no, mild, and moderate MDD 
(coded “0”).2

Real dataset: patient acceptable symptom state (PASS) 
The second real dataset was obtained from the Hand-Wrist Study Group cohort and 
comprised 3522 patients who underwent surgical trigger digit release [20; 21]. All patients 
were invited to complete the Michigan Hand outcomes Questionnaire (MHQ), a PROM 
covering six subdomains of hand function [22], three months postoperatively. The study 
was approved by the local medical ethical review board, and all patients provided written 
informed consent. We used the MHQ pain subscale, which has a score ranging from 0 to 
100 (0 = worst possible pain, 100 = no pain). This score is derived from 5 items, each having 
five response options. To determine the PASS of the MHQ pain score, we asked patients 
to answer the following anchor question [23]: “How satisfied are you with your treatment 
results thus far?” with response options: “excellent”, “good”, “fair”, “moderate”, or “poor”. 
Considering that the PASS represents the threshold above which a patient is satisfied with 

2	 The state variable with 4 diagnostic categories could also be processed as a single-state variable with 

4 categories in a single analysis in conjunction with the HADS items. In that case, the state variable 

provides 3 difficulty estimates representing the thresholds for mild, moderate, and severe MDD on the 

latent trait metric. 
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his or her current state [3], we adopted the threshold between “fair” and “good” as the PASS 
and dichotomized the ratings accordingly. 

ANALYSIS 

Simulated samples 
We calculated thresholds using the ROC method (Youden criterion) [4; 5], the predictive 
modeling method [9], the adjusted predicted modeling method [11], the old state prevalence 
IRT method [2], and the new state difficulty IRT method. Bias was calculated as the mean 
residual (true threshold minus estimated threshold), and the mean square residual (MSR) 
as the mean of the squared residuals. 

Real datasets 
As unidimensionality is an important prerequisite for IRT, we checked unidimensionality 
of the datasets through confirmatory factor analysis. The items were treated as categorical. 
The following scaled fit indices were taken as indicative of unidimensionality: comparative 
fit index (CFI) > 0.95, Tucker-Lewis index (TLI) > 0.95, root mean square error of 
approximation (RMSEA) < 0.06, and standardized root mean square residual (SRMR) 
< 0.08 [24]. As in the simulated samples, we calculated thresholds using the ROC method [4; 
5], the predictive modeling method [9], the adjusted predicted modeling method [11], the old 
state prevalence IRT method [2], and the new state difficulty IRT method. 95% Confidence 
intervals were obtained through empirical bootstrap (1000 samples) [25]. 

Software 
We used the statistical program R, version 4.0.3 [26], to organize the data, calculate the 
predictive and adjusted thresholds, and to perform bootstrapping. The pROC package, 
version 1.17.0.1 [27], was used to perform ROC analyses. The lavaan package, version 
0.6-8 [28], was used to perform confirmatory factor analysis. The mirt package, version 
1.33.2 [29], was used to simulate datasets, fit GRMs and calculate expected test scores. 

RESULTS 

Simulations 
The simulated datasets varied in means and standard deviations of the test scores (Table 
1). Because of the fixed meaningful threshold (θT

sim= 0), increasing or decreasing the mean 
θsim intentionally lead to increase or decrease of the state prevalence (i.e., the proportion 
of subjects exceeding the threshold). Moreover, as increasing or decreasing the mean 
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θsim caused mismatch between the mean θsim and the mean item difficulty parameter, this 
inevitably caused variable degrees of skewness (as illustrated in Figure 3). Figure 5 shows 
the estimated meaningful thresholds as a function of the state prevalence, by method 
and state scores reliability. The ROC-based thresholds and the predictive modeling-based 
thresholds clearly varied with the state prevalence and the state scores reliability. The old 
state prevalence IRT method [2] also varied with the state prevalence and the state scores 
reliability, although to a lesser degree. The adjusted predictive modeling method performed 
significantly better, although some bias remained if the state prevalence was smaller than 
0.3 or greater than 0.7. In contrast to the other methods, the new state difficulty IRT method 
perfectly recovered the true meaningful threshold with almost no bias and high precision 
(Table 2). Across all simulated samples, the ROC method yielded the most prevalence-
related bias and the least precision, whereas the new IRT method yielded the least bias 
and the greatest precision. 

Real dataset: diagnostic thresholds 
The sample characteristics are shown in Table 3. The prevalence of any MDD (i.e., mild, 
moderate, and severe MDD) was 49%. The mean HADS depression score was 10.7. The fit 
indices showed some violation of the unidimensionality assumption; however, none of the 
(absolute) residual correlations exceeded 0.2. The reliability of the diagnostic variable, 
expressed as the variance of the diagnosis explained by the latent depression trait as 
measured by the HADS [30], was 0.34. The estimated thresholds for mild, moderate, and 
severe MDD, using different methods, are shown in Table 4. As the prevalence of any MDD 
was close to 50%, the threshold for mild MDD should be close to the mean score in the 
sample [10]. This was confirmed for most methods; only the estimated ROC threshold was 
lower than the mean sample score. For the other thresholds, with state prevalences < 50%, 
the methods diverged as expected. The new IRT method identified 10.6, 15.4, and 18.2 as the 
thresholds for mild, moderate, and severe MDD. The adjusted predictive modeling method 
identified practically the same thresholds for mild and moderate MDD, but, compared to 
the new IRT method, the adjusted method slightly underestimated the threshold for severe 
MDD while its precision was slightly less than the new IRT method. 

Real dataset: patient acceptable symptom state (PASS) 
Complete data at three months postoperatively were available for 2634 patients. 
The sample characteristics are depicted in Table 5. Sixty-three percent of patients were 
satisfied with the treatment result. The mean MHQ pain score was 71 with an SD of 23. 
The distribution of the pain scores was skewed to the left (skewness -0.45, ceiling effect 
0.17). Confirmatory factor analysis indicated an RMSEA of 0.109, while the other fit indices 
and the residual correlations indicated unidimensionality. Therefore, we assumed essential 
unidimensionality of the scale. The estimated thresholds for the PASS, using different 
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methods, are shown in Table 6. As expected, the state prevalence greater than 50% resulted 
in divergent PASS thresholds for the different methods. The new IRT method identified a 
PASS threshold for MHQ pain of 59.6 (95% CI 57.3; 61.7). Despite the non-normality of the 
MHQ pain scores, the threshold identified by the adjusted predictive modeling approach 
was not significantly different and of similar precision. Based on these results, it is safe to 
assume that the PASS threshold for the MHQ pain score (as anchored by good/excellent 
satisfaction with treatment results) three months after trigger finger release is around 60 
(58-62). All other methods overestimated the PASS threshold due to prevalence-related bias. 

DISCUSSION 

As the use of PROMs has become standard practice in clinical research and daily clinical 
practice, there is an increased incentive to develop meaningful thresholds to accurately 
interpret questionnaire scores and facilitate clinical decision making. In this article, we 
have introduced a new IRT approach to estimate meaningful thresholds. The method 
perfectly recovered the true (as simulated) meaningful threshold as a fixed value on the 
latent trait with practically no bias and high precision, regardless of the state prevalence 
or the state scores reliability. In contrast, most of the other methods examined produced 
biased threshold estimates if the state prevalence was ≠ 0.5. 

Importantly, meaningful thresholds or cutoff points are used for two goals that are 
principally incompatable with each other: interpretation and classification. The first goal, 
the interpretation of test scores, relates to questions such as the cutoff point for clinical 
depression on a depression scale, or the minimum level of acceptability on a pain scale. 
Interpretational thresholds, especially if they are based on relatively subjective criteria, 
may depend on specific sample characteristics. For instance, more severe patients may be 
willing to accept higher levels of knee pain and dysfunction as acceptable than less severe 
patients [31]. If the thresholds vary, they do so on the patient level, affecting the mean 
threshold in the sample. The thresholds do not vary with the prevalence of the state of 
interest. Our new state difficulty IRT method identifies these interpretational thresholds. 

The second goal is classification of individual patients. For instance, for screening we often 
want thresholds that ensure the best balance between sensitivity and specificity, in order 
to minimize misclassification. To that end, classificational thresholds must be prevalence 
specific, because a cutoff point’s sensitivity and specificity change with prevalence [7]. 
ROC analysis identifies a test’s optimal cutoff point in a particular situation, which cannot 
be generalized to situations with differing prevalence and disease spectrum. Therefore, the 
ROC cutoff point does not identify the interpretational threshold on the latent trait (unless 
the prevalence is 0.5) [2]. 
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Apart from the new state difficulty IRT method, the adjusted predictive modeling method 
also accurately identified the interpretational threshold with high precision, although some 
bias occurred with state prevalences smaller than 0.3 or greater than 0.7. This bias is at least 
partly due to the low or high state prevalence [11], but skewness of the test scores might 
also play a role. However, the observation of highly similar threshold estimates obtained 
by the adjusted predictive modeling method and the new IRT method, despite profound 
skewness and ceiling effects in our second dataset, is a promising finding. Nevertheless, 
future (simulation) studies should determine to what extent non-normality of the test scores 
affects the results of the adjusted predictive modeling approach. 

The new state difficulty IRT method assumes that the state of interest can be regarded as 
an effect indicator [32] of the latent trait and, therefore, can be included as an additional 
item in the IRT model. In some cases, states may alternatively be conceptualized as having 
a causal effect on the latent trait. Use of such causal indicators [32] is beyond the current 
paper but can be handled by fitting explanatory IRT models [33]. 

Both the new state difficulty IRT method and the adjusted predictive modeling method 
can be used to estimate meaningful thresholds, but the methods come with different 
assumptions. For the new IRT method, the data should be unidimensional enough to allow 
IRT analysis [34], and the questionnaire should fit an IRT model. Although any IRT model 
may be employed, the GRM usually provides good fit to PROM data. Furthermore, the IRT 
method assumes that the latent trait is normally distributed. Skewness of the observed test 
scores is no problem as long as the latent trait is assumably normal. On the other hand, the 
adjusted predictive modeling method assumes normality of the test scores [11]. 

Taking these assumptions into account, the choice of method may depend on the 
questionnaire’s dimensionality, the distribution of the test scores, and the fit of an IRT 
model. In case of normally distributed test scores, both the adjusted predictive modeling 
method and the new IRT method may be used. If the data show profound ceiling or floor 
effects we recommend using the new state difficulty IRT method. The old state prevalence 
IRT method [2] is clearly inferior to the new IRT method because the state prevalence is 
affected by the (un)reliability of the state scores. Therefore, we recommend not to use the 
old state prevalence IRT method [2] anymore. Similarly, ROC analysis should no longer 
be used to identify interpretational thresholds. 

CONCLUSION 

We have introduced a new IRT approach to identify meaningful thresholds for multi-
item questionnaires through identifying the latent trait level of the threshold of interest 
and linking this to the corresponding meaningful threshold on the questionnaire scale. 
The new IRT method is superior to the adjusted predictive modeling method, especially 
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if the prevalence is <0.3 or >0.7. Therefore, we recommend to use the new IRT method 
to estimate meaningful (interpretational) thresholds whenever possible. The adjusted 
predictive modeling method is a feasible alternative in certain circumstances, for example 
when the PROM score is not unidimensional enough to allow IRT analysis. We provide the 
R-code for the new IRT method in Supplementary File, section 4. 
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Figure 1. Option characteristic curves of an item with 4 ordered response options (0, 1, 2 and 3) based on the 
graded response model. Three curves are displayed showing, from left to right, the probability of endorsing 
options 1, 2 or 3 instead of option 0 (labeled “1-3”), the probability of endorsing options 2 or 3 instead of 
options 0 or 1 (labeled “2-3”), and the probability of endorsing option 3 instead of options 0, 1 or 2 (labeled 
“3”), respectively, as a function of the latent trait. The difficulty parameters (labeled “b1”, “b2” and “b3”) 
are indicated by vertical dashed lines. The discrimination parameter (labeled “a”) reflects the slope of the 
option characteristic curves

Figure 2. IRT model to estimate a meaningful threshold on a questionnaire with j items. Rectangles represent 
observed variables: questionnaire items 1 through j, (X1 – Xj), and the state scores (State). The oval represents 
the latent trait underlying the item scores (and the state scores). The latent trait determines the probabilities 
of scoring the item response options 0–3 (e.g., P(X1 = 0), etc.) and the state scores item, according to the item 
parameters difficulty and discrimination (not shown)
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Figure 3. Examples of 3 simulated datasets. A-panels: Density curves showing the simulated theta 
distributions (Mn = mean; SD = standard deviation). B-panels: Histograms showing the distribution of the 
corresponding test scores (i.e., scale scores; Mn = mean; SD = standard deviation). C-panels: Expected test 
function curves showing the expected scale score as a function of the modeled theta. Meaningful thresholds 
defined by θsim = 0 are indicated by vertical dashed lines (A-panels). The expected test scores corresponding 
to the meaningful thresholds are indicated by horizontal dashed lines (C-panels)
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Figure 4. Graphical representation of how the state scores were simulated. The perceived trait is the true 
trait plus measurement error (all in the theta metric). In the perceived trait graph, the true trait is indicated 
by a dashed curve. The state scores (“1”: state of interest is present; “0”: state of interest is absent) are a 

discretization of the perceived trait relative to the meaningful threshold (θT
sim) 
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Figure 5. Estimated meaningful thresholds across 4500 simulated datasets by state prevalence, state scores 
reliability and method (row 1: ROC, row 2: predictive modeling, row 3: adjusted predictive modeling, row 
4: old IRT method using state prevalence, row 5: new IRT method using state difficulty parameter. The true 
threshold was 15.139 in all datasets, indicated by horizontal dashed lines
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Table 1. Sample characteristics of the 4500 simulated datasets (mean, range)

Sample characteristic Mean Range

Mean test score 15.0 6.2; 23.9

SD test score 8.0 5.2; 10.5

Skewness test score -0.01 -1.19; 1.21

Kurtosis test score -0.54 -1.48; 1.25

Floor effects 0.06 0.00; 0.25

Ceiling effects 0.06 0.00; 0.26

State prevalencea 0.50 0.07; 0.93

a State prevalence based on the proportion of persons passing the threshold on the perceived trait
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Table 3. Sample and scale characteristics of the HADSa dataset (N = 295)

Characteristics Values

Gender (proportion females) 0.60

Age, mean (SD) 39.5  (9.2)

Prevalence mild MDDb 0.23

Prevalence moderate MDDb 0.12

Prevalence severe MDDb 0.14

HADSa depression score, mean (SD) 10.7  (4.3)

Scaled comparative fit index (CFI) 0.981

Scaled Tucker-Lewis index (TLI) 0.971

Scaled root mean square error of approximation (RMSEA) 0.089

Standardized root mean square residual (SRMR) 0.044

State reliability of the diagnostic variable 0.34

a HADS = Hospital Anxiety Depression Scale
b MDD = major depressive disorder (DSM-IV)



78

Chapter 3

Ta
bl

e 
4.

 T
hr

es
ho

ld
s f

or
 m

ild
, m

od
er

at
e,

 a
nd

 se
ve

re
 M

D
D

a  f
or

 th
e 

H
A

D
Sb  d

ep
re

ss
io

n 
sc

al
e

M
et

ho
d

M
ild

 M
D

D
a

M
od

er
at

e 
M

D
D

a
Se

ve
re

 M
D

D
a

E
st

im
at

e
95

%
 C

I
E

st
im

at
e

95
%

 C
I

E
st

im
at

e
95

%
 C

I

RO
C

9.
5

9.
5;

 1
0.

5
10

.5
9.

5;
 1

3.
5

11
.5

10
.5

; 1
3.

5

Pr
ed

ic
tiv

e 
m

od
el

in
g

10
.8

10
.3

; 1
1.

2
11

.6
11

.1
; 1

2.
2

12
.2

11
.7

; 1
2.

8

A
dj

us
te

d 
pr

ed
ic

tiv
e 

m
od

el
in

g
10

.8
10

.0
; 1

1.
7

15
.3

14
.1

; 1
6.

9
17

.6
15

.8
; 2

0.
2

O
ld

 st
at

e 
pr

ev
al

en
ce

 IR
T 

m
et

ho
d

10
.7

10
.1

; 1
1.

3
13

.3
12

.6
; 1

4.
1

15
.2

14
.3

; 1
6.

1

N
ew

 st
at

e 
di

ff
ic

ul
ty

 IR
T 

m
et

ho
d

10
.6

9.
7;

 1
1.

6
15

.4
14

.2
; 1

6.
8

18
.2

16
.8

; 1
9.

5

a  M
D

D
 =

 m
aj

or
 d

ep
re

ss
iv

e 
di

so
rd

er
 (D

SM
-I

V
)

b  H
A

D
S 

= 
H

os
pi

ta
l A

nx
ie

ty
 D

ep
re

ss
io

n 
Sc

al
e



79

Estimating meaningful thresholds for multi-item questionnaires using item response theory

3

Table 5. Sample and scale parameters of the Hand Wrist Study Group dataset (N=2634)

Characteristics Values

Gender (proportion females) 0.67

Age, mean (SD) 59 (10)

Satisfaction with treatment results (proportions)

Poor 0.03

Moderate 0.11

Fair 0.23

Good 0.40

Excellent 0.23

MHQa pain score, mean (SD) 71 (23)

Scaled comparative fit index (CFI) 0.993

Scaled Tucker-Lewis index (TLI) 0.989

Scaled root mean square error of approximation (RMSEA) 0.109

Standardized root mean square residual (SRMR) 0.029

State reliability of the anchor question 0.40

a MHQ = Michigan Hand outcomes Questionnaire

Table 6.  PASS thresholds for the MHQa pain scale

Estimate 95% CI

ROC 77.5 72.5; 77.5

Predictive modeling 69.0 68.2; 69.9

Adjusted predictive modeling 60.1 58.4; 61.8

Old state prevalence IRT method 64.3 63.0; 65.8

New state difficulty IRT method 59.6 57.3; 61.7

a MHQ = Michigan Hand outcomes Questionnaire
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ABSTRACT 

Background 
Although non-surgical treatment for thumb carpometacarpal (CMC-1) osteoarthritis (OA) 
provides a short-term improvement, the durability of these effects beyond one year is 
unknown. This study investigates the patient-reported pain and limitations in ADL at >5 
years following non-surgical treatment (i.e., exercise therapy and orthotics) for CMC-1 
OA, hypothesizing that pain and limitations in ADL will not worsen after 12 months. 
Secondary outcomes are satisfaction with treatment results, health-related quality of life, 
and conversion to surgery at >5 years follow-up. 

Methods 
This was a multicenter, prospective cohort study using two overlapping samples. The change 
in Michigan Hand outcomes Questionnaire (MHQ) subscales pain and ADL between 12 
months and >5 years were the primary outcomes, measured in the first sample (n=170), 
which included non-operated patients. Additional time points included baseline and three 
months. We evaluated conversion to surgery in a second sample, using all patients that 
responded to the invitation for this follow-up study (n=217). 

Results 
At a median follow-up of 6.6 years (range 5.1-8.7 years), the MHQ pain showed no 
significant difference, and the MHQ ADL improved, though not clinically relevant, by 4.4 
points (95% CI:1.5-7.2) compared to 12 months. 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'. 
The median EQ-5D-5L index score was 0.852 (range 0.135-1). The conversion to surgery 
rate was 22% (95% CI:16.4-27.7) at a median follow-up of 7 years (range 5.5-9.0 years). 

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

Osteoarthritis (OA) of the thumb carpometacarpal joint (CMC-1) is a common disorder with 
a symptomatic prevalence of 7% for females and 2% for males aged >50(1–3). Because of 
the aging population, the number of patients with CMC-1 OA is expected to increase(3,4). 
CMC-1 OA often results in pain, limitations in activities of daily life (ADL), reduced quality 
of life, thenar muscle wasting, and/or thumb deformity(1,2). 

Most guidelines for CMC-1 OA advise starting with non-surgical treatment such as 
orthoses, steroid injections, analgesics, exercise therapy, or a combination(5–7). Surgery 
can be considered when non-surgical treatment fails to sufficiently relieve symptoms(7–9). 

Although short-term effectiveness has been demonstrated for the combination of exercise 
therapy and orthoses(7,10–12), the long-term effects are unknown(7,11,13,14). Exercise 
therapy can optimize thumb positioning and improve use in daily life, with a known 
treatment effect up to one year(11). Due to the chronic character of CMC-1 OA, knowledge 
of long-term outcomes is required to provide patients and clinicians with insights into the 
long-term perspectives. As the treatment focuses on stable thumb positioning and improved 
use in daily life, we hypothesized that the treatment effects remain stable after one year up 
to five 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 described. Few studies report conversion 
to surgery, usually with a follow-up of approximately two years(11,15,16). Avoiding surgery 
is important due to its lengthy rehabilitation, costs, and outcome variation: the results are 
not always to the patients’ satisfaction(17). 

This study investigates the pain and limitations in ADL following non-surgical treatment 
(consisting of exercise therapy and orthotics) for CMC-1 OA at >5 years and tests the 
hypothesis that these outcomes will not deteriorate after 12 months in patients who did not 
convert to surgery. Secondary and exploratory outcomes include satisfaction with treatment 
results and health-related quality of life at >5 years and the conversion to surgery rate 
following non-surgical treatment for CMC-1 OA. 

MATERIALS AND METHODS 

Study Design 
This is a multicenter, prospective cohort study reported following the STROBE 
statement(18). All patients gave informed consent, and the institutional review board 
approved the study. 
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Setting 
Data were collected at Xpert Clinics, comprising 8 specialized hand clinics with 18 
hand surgeons in the Netherlands during the study period. Outcomes up to 12 months 
were routinely measured using GemsTracker; details on our data collection have been 
published earlier(10,11,19). Based on the diagnosis treatment combination, each patient is 
assigned a measurement track, which includes predefined measurements on predefined 
time points(20). For this study, patients were invited to complete prospectively distributed 
questionnaires >5 years after treatment onset. 

Participants 
All patients were diagnosed with CMC-1 OA by hand surgeons based on symptoms and 
physical examination and referred for hand therapy between January 2011 and October 
2015. X-rays are usually taken but not routinely recorded. We invited patients to participate 
in this follow-up study if they completed the Visual Analogue Scale (VAS) and Michigan 
Hand Outcomes Questionnaire (MHQ) at baseline and three months as part of their routine 
outcome measurements. 

We used two overlapping samples in this study, where sample 1 is 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 sociodemographics at baseline, the MHQ at baseline and 
three months, and our follow-up questionnaires at >5 years. Exclusion criteria for both 
samples were CMC-1 surgery before non-surgical treatment, post-traumatic CMC-1 OA, 
simultaneous intervention for other hand or wrist comorbidity, and a corticosteroid injection 
<6 weeks before treatment. For sample 1, additional criteria were that they did not convert 
to surgery. Information on these criteria was extracted from patient records and our data 
collection system. 

Intervention 
Trained hand therapists carried out the treatment at 8 specialized hand clinics. Treatment 
was based on the local and Dutch treatment guidelines, generally consisting 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 exercises(5). A detailed 
description of the treatment is presented in Appendix 1. Treatment frequency and duration 
differed per patient and were determined in conjunction by the therapist and the patient, 
inherent to the study's observational nature. 
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Measurements 
Baseline demographics, including sex, age, type of work, dominance, affected hand, and 
symptom duration, were retrieved from our database. 

The primary outcome was the change in pain and limitations in ADL between 12 months 
and >5 years. Pain and limitations in ADL were routinely measured with the MHQ 
subscales pain and ADL at baseline, 3 months, and one year. For this study, additional 
and prospective MHQ data were collected at >5 years. The MHQ has a high internal 
consistency, validity, and acceptable reliability(21). The MHQ subscales overall hand 
function, work performance, aesthetics, and satisfaction with hand function were secondary 
outcomes(21,22). MHQ scores range from 0-100; higher scores indicate better performance 
in all subscales except pain. We converted the subscale pain to ease interpretation; thus, 
higher scores indicate better performance on all subscales. The MHQ subscales pain and 
ADL have a minimal important change (MIC) of 8 and 6, respectively, for non-surgically 
treated CMC-1 OA(23). 

Apart from the MHQ, other questionnaires were distributed at timepoint >5 years. We used 
the valid and reliable Satisfaction with 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 
circumstances(24). 

The 5-level EuroQol-5D (EQ-5D-5L) was used to measure Health Related Quality of Life 
(HRQoL) at >5 years. Scores of the EQ-5D-index are anchored at 1 (full health) and 0 (a 
state as bad as being dead; 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 disorders(27). 

Data on conversion to surgery within our clinics was extracted from patient records and 
our data collection database of all patients of sample 2. Additionally, we used a survey to 
ask patients at >5 years whether they underwent surgery for their CMC-1 OA. 

Study size 
Power analysis based on our four repeated measures, a conventional effect size of 0.25(28), 
alpha=0.025 (Bonferonni correction, correcting for two primary outcomes, i.e., pain and 
ADL), and a Power of 0.80 indicated 49 participants were required. This was well below 
the achieved sample of 170. 

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

We performed a non-responder analysis to investigate whether patients with missing values 
systematically differed from those without missing values by comparing demographics and 
primary outcomes at baseline and 3 months of participants that completed the MHQ at >5 
years (defined as responders) with the participants that did not (defined as non-responders) 
using t-tests and chi-squared tests. We performed a similar non-responder analysis for 
missing data at 12 months. Additionally, we performed Little's test, which assesses the null 
hypothesis that the data are missing completely at random(29,30). 

We report descriptive statistics for HRQoL and satisfaction with treatment results of sample 
1 at >5 years. We report the conversion to surgery rate and use a Kaplan Meier survival 
curve to display the time in months before deciding to convert to surgery for sample 2. 
All analyses were performed using R statistical computing (version 4.0.3). 

SOURCE OF FUNDING 

Not applicable. 

RESULTS 

We invited 552 patients for this study based on their earlier assigned measurement track. 
We excluded 87 patients with traumatic CMC-1 OA, hand-related comorbidities, or a 
corticosteroid injection <6 weeks before treatment initiation (Figure 1). After applying 
the additional exclusion criteria (no surgery) for sample 1, 170 patients were included in 
the first sample, of which 134 also had MHQ outcomes at 12 months. We included 217 
patients in the second sample. The baseline characteristics of both samples are depicted 
separately in Table 1. 

The two non-responder analyses indicated that at >5 years, only one of twenty-one, and at 
12 months, two of twenty-one variables differed between responders and non-responders 
(Supplementary Tables 1-2). The non-significant Little's test (p=0.175) further suggests 
that the data were missing completely at random(29,30). 

Primary and secondary outcomes 
The median follow-up time was 6.6 years (range 5.1–8.7 years). Figure 2 demonstrates the 
MHQ ADL and pain scores over time in the non-surgical patients of sample 1. 

The MHQ pain subscale did not change between 12 months and >5 years. The MHQ ADL 
improved significantly, although not clinically relevant, by 4.4 points (95% CI:1.5-7.2; 
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p=<0.0137) (Table 2). The MHQ total score and the subscales overall hand function, and 
workability improved significantly and clinically relevant between 12 months and >5 years, 
whereas we observed no difference in the other subscales (Table 2). 

163 participants of sample 1 completed the Satisfaction with Treatment Results 
Questionnaire at >5 years. Five percent responded with 'poor', 14% with 'moderate', 26% 
with 'fair', 39% with 'good', and 16% with 'excellent' (Figure 3). 71% of the participants 
were willing to undergo the treatment again under similar circumstances. The median 
EQ-5D-5L index score was 0.852 (range 0.135-1). 

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

DISCUSSION 

We found no change in pain and limitations in ADL between 12 months and >5 years 
following non-surgical treatment for CMC-1 OA. These findings apply to CMC-1 patients 
that did not convert to surgery during the follow-up interval. Our findings show that the 
improvement after non-surgical treatment as measured in the first 12 months after treatment 
is sustainable. Secondary outcomes at >5 years follow-up indicate high satisfaction with 
treatment results, and only 22% converted to surgery after a median follow-up of 7.0 years. 

The long-term effect of non-surgical treatment of CMC-1 OA has not been well-described. 
Although most improvements occurred in the active treatment period (i.e., the first three 
months), there were additional improvements at 12 months and even >5 years in patients 
that did not convert to surgery. As we hypothesized, there was no deterioration of pain or 
limitations measured with the MHQ. A possible explanation for the lasting improvements 
could be that apart from only strengthening the thenar muscles, exercise therapy aims 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 is a standalone cross-sectional outcome at >5 years. Since HRQoL is an 
underexposed part of outcomes in this patient population, this outcome could be valuable 
for future research(31,32). A study by Lane et al. reports EQ-5D-index scores of 0.85 and 
0.8 at 1 year postoperatively in patients that had CMC-1 OA surgery, which is similar to 
or slightly lower than the outcome of the present study(33). 
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Our finding that only 22% converted to surgery is comparable to other studies with shorter 
follow-ups. Tsehaie et al. found a conversion rate of 15% with a mean follow-up of 2.2 
years, which is partially the same cohort of patients as the present study(11). Gravas et 
al. reports that during a randomized controlled trial, 24% of the patients who received 
occupational therapy underwent surgery after a follow-up of 2 years(15). Another study, 
by Schloemann et al., reports a conversion to surgery rate of 9% after a median follow-up 
of 1.5 years(16). These different conversion rates may be due to differences in populations 
or treatment protocols. Nevertheless, the findings that the conversion rate at ±2 years is 
comparable with the conversion rate at >5 years indicates that few people are operated on 
once the positive treatment effect has been achieved, which further supports non-surgical 
treatment as a first treatment choice. 

Study limitations 
A limitation of this study is the missing data, which is inherent to the observational nature 
of this study. However, our non-responder analyses suggested that the data were missing 
at random; there was a slight age difference, which seems clinically irrelevant, and no 
differences in MHQ scores. The non-significant Little’s test further suggests that the 
missing data were missing completely at random. Therefore, we are confident that these 
missing data did not influence our primary findings. 

Related to our observational design and associated missing data is that our estimate of 
conversion to surgery is suboptimal. As the patients from whom we had data on conversion 
to surgery may not have been representative of the target population, the actual conversion 
rate to surgery may be different. This means that some patients may have sought care 
elsewhere without us knowing (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 that had no surgery 
according to our patient records indicated that they had no surgery in the survey on 
additional treatments, suggesting that we did not underestimate the conversion rate. Still, 
this is a limitation, and future studies should incorporate 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 experiences, surgeons' attitudes toward CMC-1 OA, previous non-
pharmacological treatment, and higher motivation for surgery are influential(11,15,16). 
Predicting conversion to surgery may be improved by also considering the psychological 
characteristics. A previous study found that patients scheduled for surgical treatment have 
a worse psychological profile than their non-surgical counterparts(34). Due to the relatively 
low number of conversion to surgery events, we could not assess that in our study.
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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 those patients that do not end up with surgical treatment at >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. 
Oppositely, there is a higher ecological validity as our findings reflect daily practice. 
Similarly, although therapists are trained the same, there may have been variations in the 
fulfillment of the treatment. This possible variation is important to acknowledge because it 
has previously been shown that exercises have a relatively large treatment effect compared 
to using an orthosis alone(10). 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. 

In conclusion, we found positive outcomes at >5 years follow-up following non-surgical 
treatment of CMC-1 OA with no worsening of pain or limitations in ADL after 12 months, 
and only 22% converted to surgery at a median follow-up of 7 years. Our findings support 
non-surgical treatment as the first treatment choice and indicate that treatment effects are 
sustainable. 
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Figure 1. Flowchart of the study. CMC-1 = thumb carpometacarpal, OA = osteoarthritis, MHQ = Michigan 
Hand Outcomes Questionnaire. Note that sample 1 is a subset of sample 2.  
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Figure 2. The course of the mean score of the Michigan Hand Outcomes Questionnaire (MHQ) subscales. 
Most improvement is seen in the first three months. The error bars show the 95% Confidence Interval.  
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Figure 3. Patient satisfaction with the treatment result (n=163) is expressed in percentages. 
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Figure 4. The blue line of the survival curve displays the proportion of patients converted to surgery and 
the time in months before deciding to convert to surgery. After a median follow-up time of 7.0 years, 21.7% 
decided to convert to surgery. The median time to decide to convert to surgery was 7.4 months. The light 
blue space shows the confidence interval. Censoring means that the patient did not convert to surgery at the 
time of conducting this study.  
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Table 1. Patient characteristics at baseline  

Variables Sample 1
(N=170)

Sample 2
(N=217)

Age, mean ± SD 59 ± 8 59 ± 8

Sex, n (%) Female 129 (76) 172 (79)

Symptom duration (months), 
median [Q1-Q3] 

12 [6 – 36] 12 [6 – 36]

Dominant hand, n (%) Left
Right
Both

14 (8)
147 (87)
9 (5)

19 (9)
189 (87)
9 (4)

Treated hand, n (%) Left
Right

96 (57)
74 (44)

114 (53)
103 (48)

Type of work, n (%) Unemployed
Light physical work
Moderate physical work
Heavy physical work

70 (41)
37 (22)
41 (24)
22 (13)

83 (38)
52 (24)
54 (25)
28 (13)

Michigan Hand Outcomes 
Questionnaire at baseline, 
mean ± SD

Total score
ADL score
Pain score
Function score
Esthetics score
Satisfaction score
Work score

61 ± 14
69 ± 19
49 ± 16
58 ± 15
84 ± 20
44 ± 22
63 ± 25

59 ± 14
66 ± 20
46 ± 16
57 ± 15
83 ± 20
42 ± 22
61 ± 25
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APPENDIX 1. INTERVENTION

Week 0-6 
Instructions on wearing the orthosis 24 hours a day, if possible, and exercise therapy to 
optimize thumb positioning. This included performing coordinative and isometric exercises 
4-6 times a day, 10-15 repetitions for the m. Extensor Pollicis Brevis, m. Abductor Pollicis 
Brevis, m. Abductor Pollicis Longus, m. Opponens Pollicis, and m. Flexor Pollicis Brevis. 
Starting with coordinative/selective muscle activation, and continue to build coordination 
with more functional exercises, such as picking up and holding various light objects while 
maintaining thumb position. 

Examples of exercises: 

1. M. Abductor Pollicis Brevis/longus and m. Opponens Pollicis – coordination exercise 

 2. M. Extensor Pollicis Brevis – coordination exercise 
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3. M. Flexor Pollicis Brevis – coordination exercise 

 

4. Thumb position (MC I= first metacarpal, MC II= second metacarpal) 
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Week 6- 3 months 
In the subsequent six weeks, the orthosis was phased out, and the exercises were carried out 
2-3 times a day, focused on using the stable position of the thumb during daily activities and 
improving thenar strength. Building on using the active stability with greater force. Force 
was applied for 2-3 seconds and build up to multiple sessions such as 3x10-15 repetitions. 
Exercises were carried out in with 2-point grip and was expanded by using the 3-point 
grip and lateral key pinch. 
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Examples of exercises: 

5. Pulling a rubber band in closed and correct pinch 

6. Applying manual resistance at the proximal phalanx in closed and correct pinch 

7. Pulling a rubber band in open chain 
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8. Applying manual resistance at the proximal phalanx in open chain 

9. Active dynamic stability by using a clothespin 
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ABSTRACT 

Purpose 
The primary aim of this study was to report complications during the first year after 
trapeziectomy with Weilby-sling using a standardized tool designed by the International 
Consortium for Health Outcome Measures (ICHOM). The secondary aim was to 
determine the association of complications and patient-reported outcomes twelve months 
postoperatively. 

Methods 
We included patients treated with a trapeziectomy with Weilby-sling between November 
2013 and December 2018. All complications during the first year were scored using the 
International Consortium for Health Outcomes Measurement Complications in Hand and 
Wrist conditions (ICHAW) tool. Pain and hand function were measured preoperatively 
and twelve months postoperatively using the Michigan Hand outcomes Questionnaire. 
Minimally Important Change (MIC) thresholds of 18.6 for MHQ pain and 9.4 for MHQ 
function were used to determine clinical importance. 

Results 
Of 531 patients following trapeziectomy with Weilby sling, 65% had an uneventful 
recovery, 16% experienced ICHAW Grade 1 deviations only, and 19% experienced Grade 
2 or 3 deviations, including requiring antibiotics, corticosteroid injections, or additional 
surgery. On average, patients improved in pain and hand function, even in the presence 
of ICHAW events. While all ICHAW grades were associated with poorer patient-reported 
outcomes twelve months postoperatively, Grade 2 and 3 exceeded the MIC threshold for 
pain, function, or both. 

Conclusions 
In 531 patients, 65% had an uneventful recovery, 16% experienced ICHAW Grade 1 
deviations only, and 19% experienced Grade 2 or 3 deviations. We recommend describing 
Grade 1 as “adverse protocol deviations” and Grade 2 and 3 as complications, due to 
clinically-relevant poorer patient-reported outcomes twelve months postoperatively. 
The ICHAW is a promising tool in order to systematically evaluate and compare 
complications in hand surgery, although we recommend further evaluation. 
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INTRODUCTION 

Trapeziectomy with ligament reconstruction and tendon interposition (LRTI) is a common 
surgical procedure, as it is the preferred surgical option for thumb base osteoarthritis for 
72-89% of surgeons (1-3). Several LRTI techniques are available (4), including a flexor 
carpi radialis (FCR) sling according to Weilby (5), which is often performed (6). In this 
procedure, an FCR strip is wrapped around the abductor pollicis longus in a figure-of-eight 
pattern to support the first metacarpal (Figure 1). 

While studies consistently show improvement in pain and hand function (4) following 
trapeziectomy with LRTI, a wide range of complication rates has been reported, ranging 
from 0.2% (7) to 53% (8), and 18% (9) to 35% (10) specifically for trapeziectomy with 
Weilby sling. These differences in complication rates are likely due to the use of different 
definitions and follow-up periods. 

To overcome this problem, the International Consortium for Health Outcome Measurement 
(ICHOM) hand and wrist working group recently defined an international standard for 
reporting complications in hand surgery (11), based on the Clavien-Dindo complication 
classification system used in general surgery (12). In the newly developed ICHOM 
Complications in Hand and Wrist conditions (ICHAW) tool, all events related to the 
treatment that fall outside the expected recovery during the first twelve months following 
the initial surgery are considered a complication. 

The ICHAW tool has already been used to classify complications following ulnar shortening 
osteotomy and trigger finger release (13, 14). Notably, it yields higher complication rates 
than previously reported. While this is in part expected due to the inclusive definition and 
the follow-up period of one year, it also raises concerns about whether all events classified 
as complications by the ICHAW tool are actually relevant to patients and influence other 
outcomes. A change beyond the Minimally Important Change can be considered clinically 
relevant. 

Therefore, the primary aim of the present study was to report complications during the first 
year after trapeziectomy with a Weilby-sling, using the ICHAW tool (11). As secondary 
aim, we investigated how complications are associated with patient-reported pain and hand 
function during the first year after surgery.  

METHODS 

Study design and setting 
We conducted a retrospective study using data of patients that elected trapeziectomy and 
ligament reconstruction according to Weilby for primary TMC OA (5). Patient-reported 
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outcome data were collected prospectively, while complication data were collected by 
retrospective review of the patient records. We included patients treated between December 
2011 and December 2018 at Xpert Clinics, comprising 26 locations and 23 European Board 
certified (FESSH) hand surgeons. The cohort and data collection (15) and their use on daily 
clinical care (16) were previously described in more detail. 

As part of routine outcome measurements, all patients were invited to complete patient-
reported outcome measurements (PROMs) at fixed time points, i.e., prior to surgery, three 
months after surgery, and twelve months after surgery (15). Data were collected between 
November 2013 and December 2019. All patients provided written informed consent. 
Institutional Board Review was obtained from the ethics committee of the Erasmus Medical 
center that approved our study protocol (MEC-2018-1088). 

Participants 
We included patients who completed the Michigan Hand Outcomes Questionnaire (MHQ) 
preoperatively and twelve months postoperatively. Patients with posttraumatic TMC OA, 
previous thumb base surgery, previous major hand or wrist surgery (e.g., proximal row 
carpectomy), or isolated scaphotrapeziotrapezoid (STT) OA were excluded. We also 
excluded patients undergoing surgical treatment on the contralateral side within twelve 
months to avoid interference of treatment of other hand or wrist conditions on the PROM 
scores. 

Surgical technique 
Patient records were studied by the first author to confirm that the same modified Weilby 
technique (Figure 1, reprinted with permission from Xpert Clinics (17)) was used in every 
patient. A description of the surgical technique is included in Supplement A. During 
surgery, the STT joint was inspected. When indicated, partial resection of the scaphoid, 
trapezoid, or both, was performed, depending on surgeons’ preference. 

Rehabilitation 
All hand therapists across all locations were instructed to follow the standard rehabilitation 
protocol (including immobilization and exercises) in our clinic. During the study period, 
the duration of wearing a cast was decreased, changing the immobilization regime. These 
two different immobilization regimens and the exercises have been extensively described 
by Tsehaie et al. (18), but have been shown to yield similar outcomes; there were no 
differences in complication rates and there was non-inferiority in all PROMs. The current 
protocol (from October 2015 onwards) is short immobilization, in which a plaster cast is 
applied for 3-5 days postoperatively. Afterwards, a thumb spica splint that also provided 
immobilization of the wrist was applied until four weeks postoperatively. From four to eight 
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weeks postoperatively, patients received a thumb butterfly splint that was phased out from 
week eight to ten weeks postoperatively. Routine check-up visits with the surgeon were 
scheduled at three months and twelve months postoperatively. Additional check-up visits 
were easily scheduled when the patient or treating hand therapist considered this beneficial. 

Measurements 
Medical history, Eaton-Glickel score (19), complications, and reoperations within the first 
year after surgery were obtained from patient records by the first author (not involved in 
treatment). In accordance with the ICHAW tool, all deviations from the expected treatment 
course that are related to the treatment during the first year after surgery were considered 
complications. Treatments for pre-existing conditions that followed another treatment were 
not considered complications (e.g., treatment for Dupuytren’s contracture of the fourth digit 
following surgery for thumb base osteoarthritis). In addition to the rehabilitation protocol 
described above, we considered the following as part of the expected treatment course: 
routine prescription of analgesics (opioids or less strong analgesics for five to ten days, i.e., 
one prescription), sutures removed at seven to fourteen days, cast removed at three to five 
days, hand therapy phased out at three months, orthosis phased out at three months, and 
no additional treatment recommendations from the three months check-up visit onwards. 

In the ICHAW guidelines (Supplementary Table 1), the severity of a complication (i.e., 
grade) is based on the treatment it requires. When a complication was not sufficiently 
relieved with minimally invasive treatment and more invasive treatment was given, this 
was only scored as a complication once and the highest grade was reported. 

Patient-reported outcomes 
The MHQ (20) is a PROM with good reliability, validity, and responsiveness for TMC OA 
patients (21). The MHQ consists of six domains (pain, hand function, aesthetics, work, 
activities of daily life, and satisfaction with hand function), each with a score ranging from 
0-100 (0 = poorest function, 100 = ideal function). For this study, the MHQ subscales pain 
and hand function were used. We included the baseline and twelve months postoperative 
MHQ scores for the analyses. When patients also completed the MHQ three months 
postoperatively, this data was only included in the figures. Minimally Important Change 
(MIC) thresholds of 18.6 for MHQ pain and 9.4 for MHQ function were used to determine 
clinical importance (22). 

Study size 
The number of patients treated during the study period determined the sample size, making 
this a convenience sample. In our post-doc effect size calculation, we found that we could 
detect a small effect size of 0.12 (Cohen’s d) with the number of available patients and 80% 
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power to evaluate whether pain and hand function changed between pre- and postoperative. 
Additionally, for the linear regression model that included complication grade, we could 
detect a medium effect size of 0.04 (Cohen’s f2) (23). 

To examine whether patients completing the MHQ preoperatively and twelve months 
postoperatively (responders) differed from patients who did not complete these PROMs 
(non-responder), we performed a non-responder analysis where we compared patient 
characteristics (i.e., age, sex, symptom duration, hand dominance, affected side, and 
occupational intensity). 

Statistical analysis 
T-tests were used to compare normally distributed continuous outcomes. Wilcoxon tests 
were used to compare non-normally distributed continuous outcomes. Chi-square tests 
were used for categorical outcomes. 

Multivariable linear regression was used to estimate the association between complications 
and patient-reported outcomes twelve months postoperatively, corrected for patient 
characteristics, treatment characteristics, and preoperative pain and hand function 
scores. We checked that the regression analyses complied with the model’s assumptions. 
The adjusted explained variance (R2), which accounts for the number of variables in 
the model, was calculated. Additionally, we fitted linear mixed models to again assess 
clustering within location and we found Intraclass Correlation Coefficients of 0.000 and 
0.011 for pain and hand function, respectively. This indicates that the variance in outcome 
mainly exists within locations (caused by patient variation) and not between locations, 
therefore we used the multivariable linear regression models. 

We considered a p-value <0.05 as statistically significant. As multiple testing correction was 
not performed; the results of the analyses on the secondary outcomes should be interpreted 
as exploratory (24). 

RESULTS 

We included 531 patients (Figure 2) for analysis. Most patients were female (78%), and the 
mean age was 61 (SD 8) (Table 1). We excluded 384 patients due to non-response on the 
PROMs of interest. We found no differences in patient characteristics in the non-responder 
analysis (Supplemental Table 2). In 13%, a concomitant partial resection of the ST joint was 
performed. Concomitant surgery was performed in 11% of the patients, mostly a carpal 
tunnel release (38%) (Supplemental Table 3). 
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Primary outcome 
In 65% of all patients, no deviations from the expected course within one year were 
reported, according to the ICHAW tool (Figure 3). 35% of all patients (95% CI 31%; 39%) 
experienced any deviation, with 16% of the patients (95% CI 13%; 19%) only experiencing 
a Grade 1 event and 19% (95% CI 16%; 23%) experiencing at least a Grade 2 or 3 event. 
We recorded 275 separate ICHAW events in 187 patients (Table 2) (Supplemental figure 1). 

A Grade 1 event occurred in 24% of all patients (e.g., pain requiring additional hand 
therapy, splinting, or analgesics), and 14% experienced a Grade 2 event (e.g., FCR tendinitis 
requiring corticosteroid injections) (Table 2). 36 patients (7%) required surgical intervention 
under local (Grade 3A) or regional/general anesthesia (Grade 3B). 

Grade 3A events mostly comprised surgical treatment of De Quervain’s tenosynovitis (DQ) 
or surgical treatment of trigger thumb. Grade 3B events mostly comprised revisions within 
a year (3%), mainly consisting of releases of the Weilby-sling due to pain and tendinitis 
(n=8) and (partial) resections of the scaphoid, the trapezoid, or both (n=6). The median 
time to revision surgery was 39 weeks (IQR 31 – 45 weeks). Grade 3C (CRPS) was present 
in 11 patients (2%). Because the timing of events was an important determinant of whether 
the event fell outside of the expected recovery, we provide an overview of the number of 
complications per week per grade (Supplemental figure 2) and the number of Grade 1, 2, 
and 3 complications per week in more detail (Supplemental figure 3ABC). 

As a sensitivity analysis, we excluded treatment for DQ and trigger thumb as ICHAW 
events. This resulted in 30% of all patients experiencing a deviation and 12% experiencing 
Grade 2 or 3 events. 

Secondary outcomes 
Between preoperatively and twelve months postoperatively, MHQ pain scores improved 
on average by 29 (95% CI 26, 31) from 34 (95% 33, 36) to 63 (95% CI 61, 65) (Figure 4A). 
MHQ hand function improved, on average, by 15 points (95% CI 13, 17) from 49 (95% CI 
48, 51) to 64 (95% CI 63, 66) (Figure 5A). The distributions of MHQ pain and hand function 
scores pre- and postoperatively are shown in Supplemental figures 4A and 4B, respectively. 

To evaluate the impact of complications on recovery, we assessed improvement in MHQ 
pain and hand function during the first year post-surgery separately for patients with and 
without complications (Figure 4A and Figure 5A, respectively). Both patients with and 
patients without ICHAW event experienced significant improvement in pain and hand 
function (p<0.05). After correction for baseline characteristics, we found that patients 
with an ICHAW event scored 14 points (95% CI 10, 17) worse on MHQ pain, and 11 points 
worse (95% CI 8, 14) on hand function twelve months postoperatively compared to patients 
without complications. 
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Additionally, ICHAW grade was significantly associated with both pain and hand function 
twelve months postoperatively. Figure 4B and 5B demonstrate how ICHAW grade affected 
MHQ pain scores and hand function scores, respectively. After correction for baseline 
characteristics, MHQ pain scores at twelve months were 10 points worse (95% CI -5, 
-15) for patients with a Grade 1 event increasing up to 28 points worse (95% -16, -41) 
for patients with a Grade 3C complication compared to patients without complications 
(Table 3). The impact of ICHAW grade on hand function score was very similar (Table 3). 
From Grade 2 onwards, there was a clinically relevant worsening in pain, hand function, 
or both. 

DISCUSSION 

In our cohort of 531 patients with primary TMC OA treated with trapeziectomy and Weilby 
sling, we found that, according to the ICHAW, no deviations occurred in 65% of the 
patients, 16% experienced an ICHAW Grade 1 deviation and 19% experienced an ICHAW 
Grade 2 or 3 deviation from expected recovery. Although we found that patients improved 
in pain and hand function following trapeziectomy and Weilby sling, having an ICHAW 
event was associated with poorer patient-reported outcomes twelve months after surgery, 
with higher ICHAW grades being associated with worse patient-reported outcomes. From 
Grade 2 onwards, the difference in patient-reported outcomes exceeds the Minimally 
Important Change, indicating a clinically relevant difference. 

Considering previously reported complication rates of 0.2%-53% for trapeziectomy with 
LRTI (7, 8), and 18%-35% (9, 10) for the Weilby sling specifically, the overall ICHAW event 
rate of 35% we found, appears substantial, but not unexpected. This high rate is possibly 
explained by a large number of Grade 1 deviations, i.e., events requiring additional hand 
therapy or analgesics, which may be reported less frequently in other studies. Grade 1 
deviations may be seen and treated more often by hand therapists or general practitioners, 
and could therefore be less in the scope of hand surgeons. 

Upon applying the ICHAW guidelines, we found Grade 1 deviations particularly difficult to 
ascertain. The treatments that fall under Grade 1 deviations (e.g., additional hand therapy 
or silicone gel sheets), are prescribed easily, making it difficult to determine whether these 
additional treatments were prescribed because they were potentially beneficial of whether 
they were really necessary. We found that Grade 1 deviations were associated with worse 
patient-reported outcomes, but it is debatable whether this difference is clinically relevant. 
We recommend that ICHAW Grade 1 deviations continue to be registered and reported to 
provide more insight into recovery following hand surgery procedures, but that these may 
not be considered a complication. Rather, we propose the term “adverse protocol deviation” 
to classify Grade 1 deviations. 
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Grade 3 events, including CRPS, revision surgery, or surgical treatment of DQ or trigger 
thumb, occurred in 8% of all patients in our study. Previously, a CRPS rate of 5% and a 
revision rate due to scapho-first metacarpal impingement of 1.5% has been reported in 
patients that underwent trapeziectomy with LRTI (25). We found a slightly lower CRPS 
rate of 2%, but a higher revision rate of 3%. While there is no conclusive evidence that DQ 
and trigger thumb are causally related to trapeziectomy with LRTI, they have been reported 
previously in literature post-trapeziectomy (5, 26). Hypothetically, the FCR suspension with 
the abductor pollicis longus may evoke friction and edema and subsequent tenovaginitis at 
the first extensor compartment (i.e., DQ). Similarly, the increase zigzag deformity in the 
thumb following surgery (27, 28) combined with postoperative edema may evoke a flexor 
pollicis longus tenovaginitis (i.e., trigger thumb). Future studies may investigate whether 
the development of DQ and trigger thumb are truly related to the surgery and whether 
treatment should therefore be considered a complication following trapeziectomy and LRTI. 

Our study has several limitations, including the amount of non-response due to the 
observational setting of this study. However, in the non-responder analysis, we found no 
differences in patient characteristics between responders and non-responders, suggesting 
that the patients included in this study are similar to patients who did not complete all 
PROMs. Our observational setting may also be considered a strength, as it may better 
reflect daily clinical hand surgery practice. 

In contrast to the prospective collection of PROMs, complications were scored 
retrospectively based on electronic patient records because the ICHAW tool has only recently 
been developed. Despite our standardized procedures, collecting data retrospectively is 
more sensitive to bias than prospective data collection. To obtain more reliable complication 
estimates, we recommend recording complications prospectively, preferably by clinicians. 
Still, as the ICHAW tool uses the administered treatment to determine complication grade, 
this will likely be reasonably well-reported in patient records, particularly for Grades 2 and 
3. The inter-rater reliability of the ICHAW needs to be studied in future research. 

Finally, we included a single surgical treatment option for TMC OA in our study because 
most surgeons in our clinic prefer this technique. This is in line with recent survey studies, 
showing that most surgeons (72-89%) prefer to treat TMC OA with trapeziectomy and 
LRTI (1, 2, 6), despite that current evidence suggests no benefit from LRTI in addition 
to trapeziectomy (4, 29). Since the ICHAW tool has not yet been applied to other surgical 
techniques for treating TMC OA, comparing our complication rate to, for example isolated 
trapeziectomy or implants, is challenging. Future comparative studies using the ICHAW 
tool are needed to assess this. 

In conclusion, this study reports complications using the ICHAW tool, following 
trapeziectomy with a Weilby-sling. Of 531 patients, 65% had an uneventful recovery, 16% 
experienced ICHAW Grade 1 deviations only, and 19% experienced Grade 2 or 3 deviations. 
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Considering that Grade 2 and 3 deviations were associated with poorer patient-reported 
outcomes twelve months postoperatively, we propose to classify Grade 1 deviations as 
“adverse protocol deviations” instead of complications and Grade 2 and 3 as complications 
in future studies. While the ICHAW tool is promising to systematically evaluate and 
compare complications in hand surgery, we recommend psychometric evaluation of the 
ICHAW tool and possibly further defining the guidelines to optimally define, register, and 
compare complications in hand surgery. 

ACKNOWLEDGMENTS 

The authors thank all patients who participated and allowed their data to be anonymously 
used for the present study.  



145

Complications after Weilby-sling surgery

6

REFERENCES 

1.	 Ottenhoff JSE, Teunis T, Janssen SJ, Mink van der Molen AB, Ring D. Variation in Offer of 
Operative Treatment to Patients With Trapeziometacarpal Osteoarthritis. J Hand Surg Am. 
2020;45(2):123-30 e1. 

2.	 Yuan F, Aliu O, Chung KC, Mahmoudi E. Evidence-Based Practice in the Surgical Treatment of 
Thumb Carpometacarpal Joint Arthritis. J Hand Surg Am. 2017;42(2):104-12 e1. 

3.	 Wilcke M, Roginski M, Astrom M, Arner M. A registry based analysis of the patient reported 
outcome after surgery for trapeziometacarpal joint osteoarthritis. BMC Musculoskelet Disord. 
2020;21(1):63. 

4.	 Wajon A, Carr E, Edmunds I, Ada L. Surgery for thumb (trapeziometacarpal joint) osteoarthritis. 
Cochrane Database Syst Rev. 2009(4):CD004631. 

5.	 Weilby A. Tendon interposition arthroplasty of the first carpo-metacarpal joint. J Hand Surg Br. 
1988;13(4):421-5. 

6.	 Deutch Z, Niedermeier SR, Awan HM. Surgeon Preference, Influence, and Treatment of Thumb 
Carpometacarpal Arthritis. Hand (N Y). 2018;13(4):403-11. 

7.	 Lane JC, Craig R, Rees JL, Gardiner M, Mikhail MM, Riley N, et al. Low rates of serious 
complications and further procedures following surgery for base of thumb osteoarthritis: analysis 
of a national cohort of 43 076 surgeries. BMJ Open. 2021;11(7):e045614. 

8.	 Salem H, Davis TR. Six year outcome excision of the trapezium for trapeziometacarpal joint 
osteoarthritis: is it improved by ligament reconstruction and temporary Kirschner wire insertion? 
J Hand Surg Eur Vol. 2012;37(3):211-9. 

9.	 Nylen S, Juhlin LJ, Lugnegard H. Weilby tendon interposition arthroplasty for osteoarthritis of the 
trapezial joints. J Hand Surg Br. 1987;12(1):68-72. 

10.	 Naram A, Lyons K, Rothkopf DM, Calkins ER, Breen T, Jones M, et al. Increased Complications 
in Trapeziectomy With Ligament Reconstruction and Tendon Interposition Compared With 
Trapeziectomy Alone. Hand (N Y). 2016;11(1):78-82. 

11.	 ICHOM Hand and Wrist Conditions. 2020 [updated April 2020. Available from: https://www.ichom.
org/portfolio/hand-and-wrist-conditions/. 

12.	 Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D, Schulick RD, et al. The Clavien-
Dindo classification of surgical complications: five-year experience. Ann Surg. 2009;250(2):187-96. 

13.	 Koopman JE, Zweedijk BE, Hundepool CA, Duraku LS, Smit J, Wouters RM, et al. Prevalence 
and Risk Factors for Postoperative Complications Following Open A1 Pulley Release for a Trigger 
Finger or Thumb. J Hand Surg Am. 2022;47(9):823-33. 

14.	 Teunissen JS, Wouters RM, Al Shaer S, Zophel OT, Vermeulen GM, Hovius SER, et al. Outcomes 
of ulna shortening osteotomy: a cohort analysis of 106 patients. J Orthop Traumatol. 2022;23(1):1. 

15.	 Selles RW, Wouters RM, Poelstra R, van der Oest MJW, Porsius JT, Hovius SER, et al. Routine 
health outcome measurement: Development, design, and implementation of the Hand and Wrist 
Cohort. Plast Reconstr Surg. 2020. 

16.	 Feitz R, Van Kooij YE, Ter Stege MHP, Van der Oest MJW, Souer JS, Wouters RM, et al. Closing 
the loop: a 10-year experience with routine outcome measurements to improve treatment in hand 
surgery. EFORT Open Reviews. 2021;Vol. 6(No. 6). 

17.	 Xpert Clinics. Trapezium excisie en Weilby sling [Available from: https://www.xpertclinic.nl/
aandoeningen/duimbasis-artrose#process-tab-3. 



146

Chapter 6

18.	 Tsehaie J, Wouters RM, Feitz R, Slijper HP, Hovius SER, Selles RW, et al. Shorter vs Longer 
Immobilization After Surgery for Thumb Carpometacarpal Osteoarthritis: A Propensity Score-
Matched Study. Arch Phys Med Rehabil. 2019;100(11):2022-31 e1. 

19.	 Eaton RG, Glickel SZ. Trapeziometacarpal osteoarthritis. Staging as a rationale for treatment. 
Hand Clin. 1987;3(4):455-71. 

20.	 Chung KC, Pillsbury MS, Walters MR, Hayward RA. Reliability and validity testing of the 
Michigan Hand Outcomes Questionnaire. J Hand Surg Am. 1998;23(4):575-87. 

21.	 Marks M, Audige L, Herren DB, Schindele S, Nelissen RG, Vliet Vlieland TP. Measurement 
properties of the German Michigan Hand Outcomes Questionnaire in patients with 
trapeziometacarpal osteoarthritis. Arthritis Care Res (Hoboken). 2014;66(2):245-52. 

22.	 Hoogendam L, Koopman JE, van Kooij YE, Feitz R, Hundepool CA, Zhou C, et al. What Are the 
Minimally Important Changes of Four Commonly Used Patient-reported Outcome Measures for 36 
Hand and Wrist Condition-Treatment Combinations? Clin Orthop Relat Res. 2022;480(6):1152-66. 

23.	 Cohen J. Statistical power analysis for the behavioral sciences. Hillsdale, N.J.: L. Erlbaum 
Associates; 1988. 

24.	 Li G, Taljaard M, Van den Heuvel ER, Levine MA, Cook DJ, Wells GA, et al. An introduction to 
multiplicity issues in clinical trials: the what, why, when and how. Int J Epidemiol. 2017;46(2):746-
55. 

25.	 Saab M, Chick G. Trapeziectomy for trapeziometacarpal osteoarthritis. Bone Jt Open. 2021;2(3):141-
9. 

26.	 Vermeulen GM, Brink SM, Sluiter J, Elias SG, Hovius SE, Moojen TM. Ligament reconstruction 
arthroplasty for primary thumb carpometacarpal osteoarthritis (weilby technique): prospective 
cohort study. J Hand Surg Am. 2009;34(8):1393-401. 

27.	 Komura S, Hirakawa A, Masuda T, Nohara M, Kimura A, Matsushita Y, et al. Chronological 
changes in surgical outcomes after trapeziectomy with ligament reconstruction and tendon 
interposition arthroplasty for thumb carpometacarpal osteoarthritis. Orthop Traumatol Surg Res. 
2020;106(2):357-64. 

28.	 Van Heest AE, Kallemeier P. Thumb carpal metacarpal arthritis. J Am Acad Orthop Surg. 
2008;16(3):140-51. 

29.	 Vermeulen GM, Slijper H, Feitz R, Hovius SE, Moojen TM, Selles RW. Surgical management 
of primary thumb carpometacarpal osteoarthritis: a systematic review. J Hand Surg Am. 
2011;36(1):157-69. 



147

Complications after Weilby-sling surgery

6
Figure 1. Surgical technique of the Weilby procedure. Reprinted with permission from Xpert Clinics(17)). 
Copyright by Xpert Clinics. 

Figure 2. Flowchart of included patients
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Figure 3. Distribution of ICHAW events during the first year after trapeziectomy with a Weilby sling. 
The pie chart depicts the proportion of patients with a complication. The bar chart shows the distribution 
of complication severity for patients with a complication. Because a small number of patients experienced 
multiple events, we report the most severe ICHAW grade per patient. 
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 Figure 4A. Mean MHQ pain during the first year after trapeziectomy with a Weilby sling, categorized by 
the occurrence of an ICHAW event. The error bars represent the 95% confidence interval. 

Figure 4B. Mean MHQ pain during the first year after trapeziectomy with a Weilby sling, categorized by 
ICHAW grade. The error bars represent the 95% confidence interval. 
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Figure 5A. Mean MHQ hand function during the first year after trapeziectomy with a Weilby sling, 
categorized by the occurrence of an ICHAW event. The error bars represent the 95% confidence interval. 
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Figure 5B. Mean MHQ hand function during the first year after trapeziectomy with a Weilby sling, 
categorized by ICHAW grade. The error bars represent the 95% confidence interval.
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Table 1. Patient characteristics and patient reported outcomes prior to surgery of the included 
patients. Additionally, patient characteristics and patient reported outcomes prior to surgery are 
shown for patients with and without an event according to the ICHAW tool in the first year after 
trapeziectomy and Weilby-sling. 
 All (N=531) Patients with an 

ICHAW event 
(N=187)

Patients without 
an ICHAW event 
(N=344)

Age (in years) 61 (8) 60 (9) 62 (8)
Sex (%)
 Female 78 82 76
Duration of symptoms 
(in months) 
(median ± IQR)

24 (12 – 48) 24 (12 – 48) 24 (12 – 50)

Hand dominance (%)
 Right 84 83 85
 Left 10 9 10
 Both 6 8 5
Affected side (%)
 Right 49 54 46
Occupational intensity (%)
 Not employed 47 47 48
 Light (e.g., working in an office) 18 15 19
 Moderate (e.g., working in a shop) 22 21 23
 Severe (e.g., working in construction) 13 17 10
BMI (in kg/m2) 26 (4) 27 (4) 26 (4)
Diabetes (%)
Yes 6 7 6
Smoking (%)
Yes 13 16 11
Eaton Glickel grade (%)
 1 1 1 0
 2 6 7 6
 3 23 23 23
 4 43 41 44
 Not available 27 28 27
Concomitant partial resection of trapezoid, 
scaphoid, or both (%)
 Yes 13 11 13
 Partial scaphoid resection 1
 Partial trapezoid resection 7
 Partial scaphotrapezoid resection 5
Concomitant minor surgery (%)
 Yes 11 15 9
MHQ pain 34 (14) 32 (13) 36 (14)
MHQ hand function 49 (18) 49 (18) 50 (17)

Values are reported as mean (SD) unless stated otherwise. 
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Table 2. Overview of the number of ICHAW events and the number of patients who experienced that 
event, according to the ICHAW tool, during the first year after trapeziectomy and Weilby-sling. 
Because a selection of patients experienced multiple events, the number of complications does not 
equal the number of patients. 

ICHAW events (N)
Grade 1 140 events in 125 patients (i.e., 23.5% (95% CI 20.0; 

27.3) of all patients had a Grade 1 event)
Pain requiring hand therapy, splinting or analgesia, 
additional to the normal rehabilitation protocol

86

Instabilitya 26
Prolonged or excessive swellingb 11
Sensory changec 6
Scar tendernessd 5
Tendon rupture (no intervention required) 4
Stenosing tenosynovitis of the thumb requiring hand 
therapy or splinting

2

Grade 2 81 events in 72 patients (i.e., 13.6% (95% CI 10.8; 16.8) 
of all patients had a Grade 2 event)

FCR tendinitis requiring corticosteroid injection 26
De Quervain’s tenosynovitis requiring corticosteroid 
injection

25

Stenosing tenosynovitis of the thumb requiring 
corticosteroid injection

15

Infections requiring antibiotics 8
Pain requiring corticosteroid injectione 7
Grade 3 54 events in 43 patients (i.e., 8.1% (95% CI 5.9; 10.8) of 

all patients had a Grade 3 event)
Grade 3A 25 events in 25 patients (i.e., 4.7% (95% CI 3.1; 6.9) of 

all patients had a Grade 3A event)
Surgical treatment of de Quervain’s tenosynovitis 11
Surgical treatment of stenosing tenosynovitis of the 
thumb

11

Pain requiring pain rehabilitation or second opinion 3
Grade 3B 18 events in 17 patients (i.e., 3.2% (95% CI 1.9; 5.1) of 

all patients had a Grade 3B event)
Revision surgery 17
Neuroma treatment 1
Grade 3C 11 events in 11 patients (i.e., 2.1% (95% CI 1.0; 3.7) of 

all patients had a Grade 3C event)
Complex regional pain syndrome (CRPS) 11
Overall 275 events, 187 patients (i.e., 35.2% (95% CI 31.2; 39.5) 

of all patients had an event)
a = Instability including first metacarpophalangeal joint collapse, first metacarpophalangeal hyperextension, 
Z-deformity, or trapezoidal collapse requiring a (permanent) splint and/or additional hand therapy
b = Excessive postoperative swelling requiring early removal of the plaster cast or prolonged swelling requiring 
bandaging
c = Persistent sensory change (such as numbness and tingling) not related to carpal, cubital, or radial tunnel syndrome
d = Scar tenderness for which silicone gel sheets were prescribed
e = Persistent pain requiring corticosteroid injections at the base of the first metacarpal or in the scaphotrapezial joint 
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Table 3. Regression coefficients and 95% confidence intervals for the association between ICHAW 
grade and MHQ pain score and MHQ hand function score twelve months postoperatively, 
respectively. In the regression analysis, we corrected for patient characteristics and preoperative 
MHQ pain score and MHQ hand function score, respectively. These regression coefficients 
can be interpreted as the mean difference in MHQ pain or MHQ hand function twelve months 
postoperatively for patients with an ICHAW event of a specific grade compared to a patient without 
an ICHAW event when all other variables (patient characteristics and preoperative MHQ score) 
remain the same

Outcome

MHQ pain twelve months 
postoperatively

MHQ hand function twelve months 
postoperatively

ICHAW grade 
(Ref = no event)

B (95% CI) P-value B (95% CI) P-value

Grade 1 event -10.4 (-5.3, -15.5) <0.001 -8.7 (-4.8, -12.7) <0.001

Grade 2 event -11.6 (-5.8, -17.5) <0.001 -10.5 (-6.0, -15.1) <0.001

Grade 3A event -19.2 (-8.6, -29.8) <0.001 -15.4 (-7.2, -23.6) <0.001

Grade 3B event -23.5 (-13.0, -34.0) <0.001 -18.0 (-9.8, -26.2) <0.001

Grade 3C event -28.2 (-15.6, -40.9) <0.001 -23.7 (-13.9, -33.6) <0.001

Adjusted R2 0.22 0.18
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ABSTRACT 

Introduction 
Trapeziometacarpal osteoarthritis (TMC OA) is commonly treated with a trapeziectomy 
combined with a form of tendon plasty. The type of tendon plasty used is based on surgeons’ 
preference. The purpose of this observational study is to compare the outcomes of four 
different tendon plasties combined with trapeziectomy used to treat TMC OA: the Weilby, 
Burton-Pellegrini, Zancolli and Anchovy plasty. 

Patients and Methods 
Patients treated with a trapeziectomy followed by a tendon plasty completed patient-
reported outcome measures at baseline and twelve months postoperatively. The primary 
outcome is the Michigan Hand outcomes Questionnaire (MHQ) pain subscale. Secondary 
outcomes are the minimal clinically important difference (MCID) of MHQ pain, MHQ 
hand function, satisfaction, and complication rate. 

Results 
793 patients received a trapeziectomy with a tendon plasty between November 2013 and 
December 2018. There was no difference in pain score after twelve months between the 
four tendon plasty techniques. Patients undergoing an Anchovy plasty had a higher chance 
of reaching the MCID for MHQ pain compared to the other techniques (OR 2.3 (95% CI 
1.2-4.6)). Overall, more than 80% of the patients were satisfied with the treatment outcome, 
independent of which technique was used. Complication rates of the different techniques 
were similar. 

Conclusion 
Surgical treatment of TMC OA reduced pain after twelve months, independent of 
which tendon plasty was used. Patients receiving an Anchovy plasty were more likely 
to experience a clinically relevant improvement in pain, whilst having a similar hand 
function, satisfaction, and complication rate. This suggests that Anchovy plasty is the 
preferred tendon plasty. 
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INTRODUCTION 

If conservative treatment of osteoarthritis of the trapeziometacarpal joint (TMC OA) 
fails, several surgical techniques are available. Surveys show surgeons prefer to combine 
trapeziectomy with a form of interposition and/or suspension plasty.1-4  The choice for a 
specific plasty after trapeziectomy is arbitrary and based on surgeon preferences, as no 
technique seems to be superior.5,6

There have been both observational and randomized controlled trials comparing different 
types of tendon plasties following trapeziectomy to treat TMC OA. No differences in 
outcome have been found after at least one year of follow-up.7-14These studies only compared 
two types of tendon plasty techniques at the same time. 

A recent registry based analysis from Sweden evaluated patient reported outcome 
measures (PROM) after trapeziectomy with or without ligament reconstruction and tendon 
interposition for TMC OA.15 Improvement was similar for both trapeziectomy with or 
without ligament reconstruction and tendon interposition. This substantiates the already 
available evidence.5,6 Unfortunately it was not possible to distinguish the type of tendon 
plasty performed. It is still unknown if any of the tendon plasty techniques used is superior. 
As tendon plasties are preferred, this would be an addition to current evidence on TMC 
OA treatment.2

The tendon plasties mainly used for TMC OA in our clinics are the Weilby technique, the 
Burton-Pellegrini technique, the Anchovy plasty technique and the Zancolli technique. 
The Zancolli technique stabilizes the base of the first metacarpal by wrapping either 
a strip of the abductor pollicis longus (APL) or an accessory APL around the f lexor 
carpi radialis (FCR) tendon and sutures it onto itself, minimizing the space left by the 
trapeziectomy.16 The Weilby and Burton-Pellegrini techniques both use a strip of the FCR 
tendon for stabilization. With the Weilby technique the strip of the FCR is intertwined 
with the APL tendon in a figure-of-eight fashion and locked together with sutures.17 The 
Burton-Pellegrini techniques passes a strip of the FCR tendon through a bone tunnel in 
the base of the proximal first metacarpal and fixes this firmly to the periosteum.18 Both 
techniques suture the remaining end of the FCR strip together to fill the trapezial void. 
The Anchovy plasty technique is the least extensive technique of the four, where only the 
trapezial void is filled with a rolled-up graft of either the palmaris longus (PL) tendon or 
a strip of the FCR tendon.19

This study will evaluate if one of the tendon plasty techniques is superior in terms of 
patient reported outcomes or complications. The primary aim is to compare the change 
in postoperative pain scores after twelve months between four different tendon plasties 
following trapeziectomy for the treatment of TMC OA. The secondary aims are to report the 
percentage of patients reaching the minimal clinically important difference (MCID) for pain 
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and to describe hand function, satisfaction with the treatment outcome, and postoperative 
complications. 

PATIENTS AND METHODS 

Study design 
This is an observational cohort study using prospectively collected data in a consecutive, 
population-based sample, reported following the STROBE statement.20 The ethics 
committee of the Erasmus University Medical Centre approved our study protocol. 
All patients provided consent for their data to be used in this study.

Setting 
Patients treated at Xpert Clinic and Handtherapie Nederland were invited to complete 
several patient-reported outcome measures (PROMS) preoperatively and postoperatively. 
The cohort and data collection have previously been reported.21 Xpert Clinic and 
Handtherapie Nederland comprise of 27 outpatient clinics for hand surgery and therapy in 
The Netherlands. Patient inclusion took place between November 2013 and December 2018. 

Patients 
Patients included in this study had symptomatic TMC OA and failed to improve despite 
hand therapy and splinting for at least three months according to protocol. All patients were 
surgically treated with a trapeziectomy, followed by a tendon plasty. The technique used for 
tendon plasty was based on surgeon's preference. The Weilby technique is performed most 
often at our centers, followed by respectively the techniques of Burton-Pellegrini, Anchovy 
plasty, and Zancolli.16-19 Detailed descriptions of the techniques are stated in Supplement 
A. Patient records were studied by the first author to confirm that the surgical technique 
was performed in accordance with the described techniques. 

As simple trapeziectomy is scarcely performed in our clinic, we could not include these 
patients in our study. 

We excluded patients receiving corticosteroid injections within six weeks prior to the 
date of surgery, as this may affect baseline pain scores. Other exclusion criteria were 
posttraumatic TMC OA, former surgery to the trapeziometacarpal joint, concomitant partial 
excision of the proximal trapezoid or surgical treatment on the contralateral side within 
one year. However, patients undergoing minor additional interventions like a trigger finger 
release, a carpal tunnel release, or a ganglion excision were not excluded. 



161

Four tendon plasties after trapeziectomy

7

Rehabilitation 
Standardized treatment protocols were used in postoperative rehabilitation. The thumb was 
immobilized in a spica cast for 3-5 days, after which the cast was replaced by a removable 
protective orthosis and a hand therapist started standardized hand therapy focused on 
reducing oedema and regaining functionality by increasing mobility, stability, and strength 
of the thumb. The removable protective orthosis was worn for at least six weeks, after which 
its use was phased out. Further details of the rehabilitation protocol have been previously 
reported.22

Michigan Hand Outcomes Questionnaire, Dutch version 
Patients completed the Dutch version of the Michigan Hand outcomes Questionnaire 
(MHQ-Dutch). 23,24 This is a hand-specific patient-reported outcomes measurement, which 
contains six subscales; (1) overall hand function, (2) activities of daily living, (3) pain, (4) 
work performance, (5) aesthetics and (6) patient satisfaction with hand function. All 57 
questions are answered on a five-point Likert scale. Outcome values range from 0 to 100, 
where a low score signifies poor function and a high score indicates good hand function. 
As primary outcome, the pain subscale is used, as this is most relevant for TMC OA.25 In 
the pain subscale, a low score indicates severe pain, while a high score indicates little pain. 
The minimal clinically important change (MCID) of MHQ pain has been described to be 
11 by Shauver et al. for patients with rheumatoid arthritis undergoing arthroplasty of the 
metacarpophalangeal joints.26

Patient satisfaction 
Patient satisfaction was assessed by a questionnaire on the perceived treatment effect (5-
point Likert scale: "poor", “mediocre”, “fair”, “good”, and “excellent”) and the patient's 
willingness to undergo treatment again (“yes”, “no”).27 For analysis, we dichotomized 
patient satisfaction, considering “good” and “excellent” as satisfied and “fair”, “poor” 
and “mediocre” as not satisfied. As sensitivity analysis, the analysis was repeated with 
“fair”, “good”, and “excellent” classified as satisfied. 

Patients were invited to complete the MHQ prior to surgery. Three months and twelve 
months postoperatively we invited patients to complete the MHQ and the patient satisfaction 
questionnaire. 

Other data recording: patient characteristics and complications 
Additional variables that were routinely collected in the database included age, sex, type 
of work, symptom duration, treatment side, and dominance. We reviewed the medical 
records to collect data on possible exclusion criteria and the occurrence of complications. 
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As complications we scored the following events when they occurred within a year after 
surgery: infections requiring antibiotics, neuropathic pain, tendon rupture, tendinitis, 
stenosing tenosynovitis of the thumb (treated with splint/hand therapy, corticosteroid 
injection or surgery), de Quervain’s tenosynovitis (treated with splint/hand therapy, 
corticosteroid injection or surgery) and reoperations. 

Statistics 
Paired t-tests were used to compare preoperative and postoperative continuous scores. 
Univariable comparisons of continuous values between groups were done with ANOVA 
tests; for categorical outcomes, Chi-Square tests were used. When for categorical data 
less than five observations per category were present, Fisher’s exact tests were used. 
No significance level correction was applied. We expected a low number of complications 
and, therefore, mainly focused on the total percentage of complications, including 
reoperations, between the four groups. A non-responder analysis was performed to compare 
patient characteristics of patients completing all PROMs of interest (responders) and non-
responders. 

We used multivariable linear and logistic mixed model analyses to assess the association 
between surgical techniques and continuous and binary outcomes, while accounting for 
clustering per surgeon. Patient characteristics (i.e., age, gender, type of work, duration of 
symptoms, treated side), concomitant surgical procedure, and all baseline MHQ subscale 
scores were included in the multivariable mixed model analyses to account for potential 
differences at baseline. No variable selection was performed. From the linear mixed effects 
analysis, an estimate per surgical technique can be obtained, which can be interpreted as 
the difference in outcome score for patients undergoing that technique compared to patients 
undergoing the reference technique (Burton-Pellegrini) when all other variables are the 
same. Following the recommendation by Howard et al.28, no correction for family-wise 
type I error rate due to comparing the Anchovy plasty, Zancolli, and Weilby techniques to 
the same reference group (Burton-Pellegrini), was applied. As measure of goodness of fit, 
we report the explained variance based on multilevel variance partitioning.29 For logistic 
mixed models, odds ratios with 95% confidence intervals are reported, again comparing 
patients undergoing that technique to patients undergoing the reference technique when all 
other variables are the same. As measure of goodness of fit for the logistic mixed models, 
we report the area under the receiver operating curve (AUC). To determine whether this 
study was sufficiently powered, we performed a post-hoc power calculation for the mixed 
effects model with MHQ pain twelve months postoperatively as outcome. More details on 
this calculation are reported in Supplement B. 

The variance inflation factor was calculated to assess the correlation between the variables 
in the mixed effects models. A value of 10 or higher indicates that the variables are 
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too strongly correlated and that the effect of individual predictors cannot be assessed 
accurately.30

All analyses were performed using R statistical computing, version 3.6.3. P-values for the 
mixed models were derived from the lmerTest package.31 For all tests, a p-value smaller 
than 0.05 was considered statistically significant. We chose to report a primary outcome 
and multiple secondary outcomes. However, multiple testing correction was not performed; 
therefore, the results of the analyses on the secondary outcomes should be interpreted as 
merely exploratory.32

RESULTS 

From November 2013 until December 2018, 1718 patients were treated with trapeziectomy 
and a form of tendon plasty. The loss of follow-up concerns 732 patients that did not 
complete all PROMS of interest, i.e. non-responders, having incomplete data at baseline 
and/or incomplete data at twelve months postoperatively (Figure 1). After applying 
the exclusion criteria, another 193 were excluded; therefore, we included 793 patients. 
We compared patient characteristics and surgical technique (Supplementary Table 1), and 
found a difference in surgical techniques used for responders and non-responders (p=0.040). 

Most patients, 465 (59%), were treated with the Weilby technique. Patient characteristics 
and baseline MHQ scores per surgical technique are reported in Table 1 and 2, respectively. 
From the univariable comparisons we concluded that the four groups were not comparable 
at baseline, as we found differences in the MHQ work score (p=0.038) between the groups. 
This indicated that correction for baseline differences between the groups was required. 

Primary outcome 
For all groups, there was a significant improvement ranging from 28-34 points in MHQ 
pain score between baseline and twelve months postoperatively (p <0.001) (Figure 2). 
The MHQ pain score at baseline was not different between the groups. In the post-hoc power 
calculation for a mixed effects model with MHQ pain twelve months postoperatively as 
outcome, we aimed to detect a difference of -5 in MHQ pain score for patients undergoing a 
Weilby plasty and +5 for patients undergoing an Anchovy plasty. The simulations indicated 
that our study was sufficiently powered to detect this difference (power = 96.1%, 95% CI 
(94.7; 97.2)). 

Table 3 demonstrates the results of the mixed effects analysis of MHQ pain score at twelve 
months. The variance inflation factor was below 10, which indicates that the variables are 
not too strongly correlated, and the effects of the individual predictors can be assessed. 
We found no significant difference in MHQ pain score at twelve months between the 
surgical techniques when accounting for baseline differences. 
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Secondary outcomes 

MHQ scores 

In the mixed effects analysis, we found no differences in MHQ hand function 
(Supplementary Table 2) and MHQ total score (Supplementary Table 3) after accounting 
for baseline differences at twelve months between surgical techniques. In the Burton-
Pellegrini group, 71% of the patients achieved the MCID for MHQ pain, compared to 
77% of the Zancolli group, 73% of the Weilby group, and 86% of the Anchovy plasty 
group (Figure 3). In logistic mixed effects modelling, we found that patients undergoing 
Anchovy plasty have significantly higher odds of achieving the MCID for MHQ pain after 
accounting for baseline differences, with an odds ratio of 2.3 (95% CI 1.2 - 4.8). The AUC 
of this model was 0.65. 

Satisfaction with treatment outcomes 

In Figure 4, satisfaction with treatment outcomes twelve months postoperatively per 
surgical technique is shown. 84% of all patients rated their satisfaction with treatment 
outcomes as fair, good or excellent twelve months postoperatively. In logistic mixed effects 
modelling, we found no significant difference in patients’ satisfaction between surgical 
techniques after accounting for baseline differences regardless of whether patients scoring 
“fair” were classified as satisfied or not satisfied (AUC 0.62-0.68). 

Complications 

In Table 4, the number of complications and reoperations within a year, as well as univariable 
comparisons, are reported for each surgical technique. In total, 141 patients (18%) 
had a complication of which 16 had a reoperation (2% of total population). The majority 
of reoperations consisted of (partial) resection of the scaphoid, trapezoid, or both (N=5) 
and release of the tendon plasty due to tendinitis or adhesions (N=7). In the Anchovy 
plasty group, 7% of the patients had complications, compared to 22% in the Weilby group. 
In univariable analysis, we found differences between the surgical techniques in occurrence 
of tendinitis and stenosing tenosynovitis of the thumb. However, in multivariable analysis 
where we accounted for baseline differences, we found no significant differences in the 
proportion of patients having complications between surgical techniques. This model has 
an AUC of 0.72. 

DISCUSSION 

The main aim of this observational study was to evaluate if one of the tendon plasty 
techniques is superior in terms of patient reported outcomes. We compared the postoperative 
MHQ pain scores of four different techniques of tendon plasty following trapeziectomy, 
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performed for patients with primary TMC OA. All four techniques resulted in a considerable 
MHQ pain reduction at twelve months, but no technique was superior. 

A notable difference was that patients treated with Anchovy plasty were more likely to 
experience a clinically relevant improvement in pain compared to the other three techniques: 
Burton-Pellegrini, Weilby and Zancolli. 

We believe a comparison between multiple types of tendon plasty after trapeziectomy is 
relevant, as previous studies have shown that trapeziectomy with a tendon plasty is still 
preferred over simple trapeziectomy by many surgeons.1-3,15Till now only two tendon plasty 
were compared. Several studies have compared different techniques of arthroplasties for 
the treatment of TMC OA. Although different outcome parameters are used which makes 
comparison difficult, almost all studies analyzed the change in pain pre- and postoperatively 
(VAS, DASH, or an alternative pain score). Until now, no technique has been proven to be 
superior in pain reduction. For instance, Esenwein et al. reported no differences in pain 
outcome at eight months between the Burton-Pellegrini procedure and a trapeziectomy 
with an APL sling.10 Vermeulen et al. found no difference in pain scores twelve months 
postoperatively, comparing Burton-Pellegrini to the Weilby procedure.13 In our study, we 
have used the MHQ pain instead of the DASH or VAS pain score, but in correspondence 
with the former studies, a significant reduction in pain was seen after surgery and the 
change in pain was similar for all four techniques.

The MCID for MHQ pain of arthroplasties of the TMC joint remains underexposed. 
Therefore, the comparison of MCID of the four different techniques in this study is a 
valuable addition to the current available evidence. Unfortunately, the MCID threshold has 
not been calculated yet specifically for TMC OA. We therefore used the MCID for MHQ 
pain that was determined for patients undergoing arthroplasty for rheumatoid arthritis 
(value 11).26 Alternatively, the MCID of MHQ pain for atraumatic unilateral single hand/
forearm diagnoses (value 14)33 could have been chosen. This does not change our finding 
that Anchovy plasty patients have a higher chance of experiencing clinically relevant 
improvement in pain compared to the other three tendon plasties. 

Other outcome measurements of interest of the present study were hand function twelve 
months postoperatively, postoperative complications and patients’ satisfaction with the 
treatment outcome. No differences were found between the four tendon plasties for these 
outcomes. As for the complications, mainly tendinitis was seen after the Weilby technique. 
This is similar to the study of Vermeulen et al., that showed no difference in complication 
rate between the Weilby and Burton Pellegrini technique.13

The strength of this study is the collection of data, which occurred prospectively in real-life 
conditions. Surgery was performed by surgeons from twenty-seven different clinics. This 
diversity, combined with the size of our cohort, adds to the strength of the comparison. 
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One could argue there the lack of randomization between the treatment options induces 
selections bias. However, all surgeons mainly used one technique for all their patients, 
and we therefore advocate that treatment was mostly based on surgeon preference instead 
of selection bias (Supplementary Figure 1). As we corrected for potential differences in 
patient characteristics and baseline patient reported outcomes of the patients in all treatment 
groups, the non-randomized comparison seems valid. 

A second limitation is the relatively high number of patients lost to follow-up (45%), which 
is inherent to the registration system used. In our practices patients voluntarily fill in 
questionnaires on set times during their treatment follow up and reminders are sent twice. 
Analysis of the patient characteristics of the non-responders showed that the only difference 
with the responders was in surgical technique used (Supplementary Table 1), but since this 
was only a small difference, we do not believe that this has an impact on our findings. 

A final limitation is that this study did not include patients that were treated with isolated 
trapeziectomy. This would be a valuable addition to this observational study, however the 
number of patients treated with simple trapeziectomy at our clinics was extremely low. 

In correspondence with former studies, we found that the majority of the patients treated 
in our clinic experience a clinical important improvement after trapeziectomy combined 
with a form of tendon plasty. However, there is still room for improvement. Dependent on 
the technique used, 14-29% of patients did not reach the MCID (Figure 3). Besides surgical 
technique, patient characteristics or illness perception might be associated with negative 
outcomes.34,35 Further analysis into which factors are predictive of less successful results 
should be performed in the future. 

CONCLUSION 

We found that MHQ pain scores twelve months postoperatively were similar between the 
four tendon plasty techniques following trapeziectomy as treatment for TMC OA. 

The Weilby; Burton-Pellegrini; Zancolli and the Anchovy plasty all showed significant pain 
reduction over time. Satisfaction rates (over 80%) and complication rates were not different 
between the groups. Overall, more than 70% of patients experienced a clinically relevant 
improvement in pain. A notable distinction was that patients who received an Anchovy 
plasty following trapeziectomy, had the highest chance to reach this threshold. Therefore, 
when using a tendon plasty, we would advise to use the Anchovy plasty, being the least 
invasive and fastest technique with the highest chance of obtaining clinical improvement. 
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Figure 1. Flowchart of patient inclusion. 

Figure 2. Mean MHQ pain scores in the first year after surgery per surgical technique. The error bars 
represent the 95% confidence interval.
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Figure 3. Bar chart of patients reaching the MCID for MHQ pain twelve months postoperatively per surgical 
technique.
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Figure 4. Bar chart of patients’ satisfaction with treatment outcomes twelve months postoperatively per 
surgical technique. 
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Table 1. Patient characteristics at baseline per treatment group

Burton-Pellegrini 
(N=146)

Anchovy 
(N=90)

Zancolli 
(N=92)

Weilby 
(N=465)

P-value

Age (years) 60 (8) 60 (7) 62 (8) 61 (8) 0.092

Gender, female (N, %) 111 (76) 68 (76) 75 (82) 360 (77) 0.747

Type of work (N, %) _ _ _ _ 0.262

Unemployed 56 (38) 40 (44) 47 (51) 217 (47) _

Light physical labor 39 (27) 12 (13) 17 (18) 84 (18) _

Moderate physical labor 35 (24) 24 (27) 20 (22) 107 (23) _

Heavy physical labor 16 (11) 14 (16) 8 (9) 57 (12) _

Duration of symptoms 
(months), median (IQR)

24 (12-36) 24 (12-46.5) 24 (12-36) 24 (12-48) 0.165

Treated side, right (N, %) 63 (43) 39 (43) 47 (51) 225 (48) 0.509

Concomitant surgical 
procedure (N, %)

28 (19) 11 (12) 15 (16) 53 (11) 0.088
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Table 2. MHQ scores at baseline per treatment group

Burton-Pellegrini 
(N=146)

Anchovy 
(N=90)

Zancolli 
(N=92)

Weilby 
(N=465)

P-value

MHQ-Pain 36 (14) 36 (14) 35 (14) 35 (14) 0.670

MHQ-Hand function 50 (16) 51 (17) 49 (18) 49 (18) 0.832

MHQ-ADL 56 (20) 53 (23) 52 (21) 54 (21) 0.572

MHQ-Work 53 (25) 49 (26) 44 (26) 49 (25) 0.038*

MHQ-Aesthetics 79 (20) 77 (22) 74 (22) 79 (20) 0.106

MHQ-Satisfaction 33 (18) 30 (19) 29 (18) 31 (18) 0.354

Total MHQ score	 51 (14) 49 (14) 47 (14) 50 (14) 0.134

Mean (SD) unless stated otherwise 
* p ≤ 0.05 
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Table 3. Results from linear mixed model analysis with MHQ pain score twelve months 
postoperatively as outcome. The beta coefficients (B), p-values and 95% confidence intervals (95% 
CI) are reported

Explanatory variables B P-value 95% CI

Surgical technique (Ref = Burton-Pellegrini) _ _ _

Anchovy plasty 4.98 0.163 -2.0; 12.0

Zancolli 3.95 0.229 -2.5; 10.4

Weilby -1.18 0.644 -6.2; 3.8

Age (years) 0.26 0.045* 0.01; 0.5

Gender, female -2.59 0.198 -6.5; 1.4

Type of work (Ref = unemployed) _ _ _

Light physical labor 0.61 0.801 -4.1; 5.3

Moderate physical labor 5.64 0.013* 1.2; 10.1

Heavy physical labor 1.90 0.510 -3.8; 7.6

Duration of symptoms (months) 0.02 0.251 -0.02; 0.06

Affected side, right hand 1.08 0.504 -2.1; 4.2

Concomitant surgical procedure, no 6.52 0.006** 1.9; 11.1

MHQ-Pain 0.44 <0.001*** 0.3; 0.6

MHQ-Hand function -0.01 0.914 -0.1; 0.1

MHQ-ADL -0.06 0.242 -0.2; 0.04

MHQ-Work 0.11 0.007** 0.03; 0.2

MHQ-Aesthetics 0.03 0.549 -0.1; 0.1

MHQ-Satisfaction 0.06 0.370 -0.1; 0.2

Explained variance R2 0.16

(multilevel variance partitioning)

* p ≤ 0.05 
** p ≤ 0.01 
*** p ≤ 0.001 
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Table 4. Complications and reoperations within the first year after surgery per surgical technique

Burton-Pellegrini 
(N=146)

Anchovy 
(N=90)

Zancolli 
(N=92)

Weilby 
(N=465)

P-value

Infections 2 (1) 0 (0) 0 (0) 8 (2) 0.533

Neuropathic pain 0 (0) 3 (3) 4 (4) 10 (2) 0.054

Tendon rupture 1 (1) 0 (0) 1 (1) 4 (1) 0.924

Tendinitis 4 (3) 0 (0) 2 (2) 31 (7) 0.007

Stenosing tenosynovitis of the 
thumb

7 (5) 1 (1) 5 (5) 39 (8) 0.040

De Quervain’s tenosynovitis 8 (5) 2 (2) 4 (4) 35 (8) 0.239

Reoperation 3 (2) 0 (0) 0 (0) 13 (3) 0.199

Total number of patients with at 
least one complication

21 (14) 6 (7) 14 (15) 100 (22) 0.004

N (%) unless stated otherwise 
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Part III



PROGNOSTIC FACTORS FOR CLINICALLY 
IMPORTANT TREATMENT OUTCOMES (FOR 

THUMB BASE OSTEOARTHRITIS) 



9



 
  

PSYCHOLOGICAL FACTORS ARE MORE 
STRONGLY ASSOCIATED WITH PAIN 
THAN RADIOGRAPHIC SEVERITY IN 

NON-INVASIVELY TREATED FIRST 
CARPOMETACARPAL OSTEOARTHRITIS 

Hoogendam, L., van der Oest, M. J. W., Tsehaie, J., Wouters, R. M., Vermeulen, G. 
M., Slijper, H. P., Selles, R. W., Porsius, J. T., The Hand-Wrist Study Group (2021). Disability 

and rehabilitation, 43(13), 1897–1902. 
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ABSTRACT 

Background 
The aim of this study was to investigate to what extent psychological factors are related 
to pain levels prior to non-invasive treatment in patients with osteoarthritis of the first 
carpometacarpal joint. 

Methods 
We included patients (n=255) at the start of non-invasive treatment for osteoarthritis of the 
first carpometacarpal joint who completed the Michigan Hand Outcome Questionnaire. 
Psychological distress, pain catastrophizing behavior and illness perception was measured. 
X-rays were scored on presence of scaphotrapeziotrapezoid osteoarthritis. We used 
hierarchical linear regression analysis to determine to what extent pain levels could be 
explained by patient characteristics, X-ray scores and psychological factors.

Results 
Patient characteristics and X-ray scores accounted for only 6% of the variation in pre-
treatment pain levels. After adding the psychological factors to our model, 47% of the 
variance could be explained. 

Conclusions 
Our results show that psychological factors are more strongly related to pain levels prior 
to non-invasive treatment in patients with osteoarthritis of the first carpometacarpal joint 
than patient characteristics and X-ray scores, which implies the important role of these 
factors in the reporting of symptoms. More research is needed to determine whether 
psychological factors will also affect treatment outcomes for patients treated non-invasively 
for osteoarthritis of the first carpometacarpal joint. 
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INTRODUCTION 

Osteoarthritis of the first carpometacarpal joint (CMC-1 OA) is a degenerative disease that 
causes pain and loss of function [1]. Patients are initially treated non-invasively [2] with 
hand therapy, occupational therapy, an orthosis, or a combination of treatment modalities 
[3]. Non-invasive treatment is an effective treatment that may prevent the need for surgical 
treatment [4] and reduces pain in a selection of patients [5]. 

At the start of the treatment, considerable variation in pain levels between patients is seen 
[5]. However, traditional patient and disease attributes, e.g. age, grip strength and X-ray 
scores, only explain a small amount of the variation in reported pain and disability, which 
suggests other factors are at play [6,7]. It is currently unclear which factors are associated 
with pain for CMC-1 OA patients. 

Several studies on surgical treatment of OA, including total knee or hip replacement 
[8-11] and surgery for CMC-1 OA [12,13] found that psychological factors (e.g. depression, 
pain catastrophizing behavior and illness perception) are associated with worse patient 
reported outcomes, both before and after treatment. Moreover, recent studies suggested 
that interventions improving catastrophizing behavior [14] and negative illness perception 
[15] have a beneficial effect on OA symptoms. 

Although there is evidence for the association between psychological factors and symptom 
severity in knee and hip OA , little is known regarding this association for patients treated 
non-invasively for CMC-1 OA [16,17]. In particular, the association between psychological 
factors and pain, which is the primary complaint of CMC-1 OA patients [18], is currently 
unknown. Moreover, while illness perceptions have been shown to be important factors 
in other conditions, like knee OA, no studies have investigated to what extent illness 
perceptions are associated with pain in this patient population [11]. Therefore, the aim 
of this study is to investigate to what extent psychological distress, pain catastrophizing 
behavior and illness perceptions are associated with pain levels prior to non-invasive 
treatment in CMC-1 OA patients. 

METHODS 

Setting and study population 
This cross-sectional study was performed at Xpert Clinic in The Netherlands. Xpert Clinic 
is a specialized private treatment center for hand and wrist conditions. Xpert Clinic has 20 
different locations, with 20 European Board certified (Federation of European Societies 
for Surgery of the Hand) hand surgeons and over 150 hand therapists. 
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All patients who received non-invasive treatment, consisting of orthosis and/or hand 
therapy, for CMC-1 OA at Xpert Clinic between September 2017 and July 2018 were 
invited to complete several questionnaires as part of routine clinical care to measure 
symptom severity, psychological status, understanding of disease and quality of life prior 
to treatment. These questionnaires were e-mailed after the first consultation and before non-
invasive treatment started. Three reminders were e-mailed to non-responders. Furthermore, 
baseline demographics, including age, sex, hand dominance and occupational intensity 
were collected. Occupational intensity was classified by the hand therapist in one of the 
following categories: not employed, light occupational intensity (e.g. working in an office), 
moderate occupational intensity (e.g. working in a shop) or severe occupational intensity 
(e.g. construction work). All patients provided written informed consent. 

Michigan Hand Outcomes Questionnaire 
The Michigan Hand Outcomes Questionnaire (MHQ) [19] is a patient reported outcome 
measure with six domains (pain, aesthetics, hand function, performance of activities 
of daily living, work performance and satisfaction) with good validity, reliability and 
responsiveness in CMC-1 OA patients [20]. Scores range from 0-100 (0 = poorest function, 
100 = ideal function). In the present study the pain scores were reversed (0 = no pain, 100 
= extreme pain). 

The MHQ pain subscale was used as primary outcome measure, because pain is the primary 
complaint and the main reason to seek treatment for CMC-1 OA patients [18]. To also 
see if there is an association between psychological effects and patient reported hand 
performance, we used the total MHQ score as secondary outcome measure. 

Patient Health Questionnaire-4 
The Patient Health Questionnaire-4 (PHQ) [21] is a generic depression- and anxiety-
screening tool and was used to measure psychological distress. This questionnaire is a 
combination of two brief screening tools (Patient Health Questionnaire-2 and Generalized 
Anxiety Disorder-2). The PHQ contains two domains (anxiety and depression) with two 
questions each. The total score ranges from 0-12 (0 = no indication for psychological 
distress; 12 = strong indication for psychological distress). It has a good reliability and 
validity in the general population [22]. 

Pain Catastrophizing Scale 
The Pain Catastrophizing Scale (PCS) [23] was used to assess catastrophizing behavior in 
response to pain. This questionnaire consists of 13 questions and 3 domains (helplessness, 
magnification and rumination). It has been demonstrated to have good validity, reliability 
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and responsiveness in patients with pain related problems [24,25]. The total score ranges 
from 0-52 (0 = no catastrophizing behavior; 52 = severe catastrophizing behavior). 

Brief Illness Perception Questionnaire 
The Brief Illness Perception Questionnaires (B-IPQ) [26] was used to assess the patients’ 
perceptions of illness. This questionnaire is a short version of the Revised Illness 
perception Questionnaire [27]. In the B-IPQ each subscale of the Revised Illness perception 
Questionnaire is summarized by one question. Five questions assess cognitive illness 
representation, two questions assess emotional representations, one question assesses 
understanding of disease and in the final question patients are asked to list the factors they 
believe to have caused their illness. This last question was not part of our questionnaire. 
Reliability and validity has been demonstrated for multiple conditions, including low back 
pain, cardiovascular disease and chronic obstructive pulmonary disease [28-31]. 

CMC-1 joint X-rays 
The patients’ records were searched for X-rays of the first carpometacarpal joint. 
If multiple X-rays were present, we selected the X-ray in which both the CMC-1 joint 
and the scaphotrapeziotrapezoid joint (STT) were most clearly visible. The Eaton-Glickel 
classification [32] ranges from stage I to stage IV. Stage III is defined as excessive CMC-1 
degeneration and subluxation. Stage IV is defined as stage III with additional presence of 
STT OA. According to this classification, presence of STT OA indicates the most advanced 
stage of structural damage. Therefore, we used this feature as indication of radiographic 
severity of disease. The first 100 X-rays were independently scored by both a European 
Board-certified hand surgeon (G.V.) and a junior scientist (L.H.). The Intraclass Correlation 
Coefficient was 0.58 (95% CI 0.49-0.65). This is in agreement with the study by Dela Rosa 
et al. [33], who reported fair to moderate inter-observer agreement for the Eaton-Glickel 
classification, with similar agreement rates for stage I, III and IV. The scores of the junior 
scientist were used for all patients. Patients without an X-ray of the CMC-1 joint were 
excluded. 

Statistical analyses 
A complete case analysis was performed with patients who completed all previously 
mentioned questionnaires. To see whether patients with missing data differed from patients 
with complete data, two non-responder analyses were performed; both for patients who 
completed the MHQ, but did not complete the psychological questionnaires and for patients 
who completed all questionnaires, but without X-ray of the CMC-1 joint. For these analyses, 
T-tests were used for normally distributed continuous data and Mann-Whitney-Wilcoxon 
tests were used for continuous data that was not normally distributed. Chi square statistics 
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were used for categorical data. We calculated Pearson correlation coefficients to determine 
to what extent the psychological variables were correlated. 

Data were analyzed using hierarchical linear regression analyses with baseline MHQ-pain 
levels as a dependent variable. In the first step of the analysis, age, sex and occupational 
intensity were entered into the model. Presence of STT OA was added in the second step 
of analysis. In the third step, we entered the total PHQ score, as well as the total PCS score. 
In the fourth step, all B-IPQ subscales were added in order to determine the effect of illness 
perceptions on pain, after correcting for psychological distress and pain catastrophizing 
behavior. 

For all variables, the regression coefficients (B) are reported, which represents the increase 
in the dependent variable for one unit increase in the independent variable, when all other 
variables remain constant. In order to compare the relative contribution of each explanatory 
variable on the outcome, the standardized regression coefficients (β) are also reported. 
Standardized regression coefficients allow for comparison of the strength of associations 
when the independent variables were measured on different scales. For all models both 
the multiple explained variance (R2) and the explained variance adjusted for number of 
variables in the model (adjusted R2) is calculated. 

All analyses were performed using R statistical computing, version 3.4.1. For all tests a 
p-value smaller than 0.05 was considered statistically significant. 

RESULTS 

Non-responder analysis 
We identified 475 patients at the start of non-invasive treatment for CMC-1 OA who 
had completed the MHQ. 5.2% of these patients did not complete all psychological 
questionnaires. Of the patients who completed all questionnaires, 40.4% did not have an 
X-ray of the CMC-1 joint. Supplemental tables 1-2 show demographic characteristics and 
MHQ scores for responders and non-responders, indicating no significant differences in 
any patient characteristic or MHQ-pain scores between responders and non-responders. 

Patient characteristics 
255 patients were included in the analysis (figure 1). Their mean age was 60 ± 8 years (mean 
± SD) and 75% of the patients were female. The mean MHQ-pain score was 52.9 ± 17.3 
and the mean total MHQ score was 59.7 ± 15.2. Table 1 shows baseline characteristics for 
all included patients. Correlations between the psychological factors ranged from -0.24 to 
0.60 (supplemental table 3), which can be interpreted as weak to moderate correlations [34]. 
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Hierarchical linear regression 
Table 2 shows the outcomes of the hierarchical regression analysis. In model 1 and 2, female 
sex was statistically significantly associated with higher MHQ-pain scores. However, 
after adding psychological distress and catastrophizing behavior to the model, sex was 
no longer statistically significantly related to pain, while higher PHQ and PCS scores 
were statistically significantly associated with higher MHQ-pain scores. After adding 
the B-IPQ subscales to the model, B-IPQ subscales ‘consequences’ and ‘identity’ were, 
in addition to PHQ score and PCS score, also statistically significantly associated with 
pain. Figure 2 shows the increase in explained variance per model. Model 1 and 2 had an 
explained variance of 5% and 6% respectively. After adding psychological distress and 
catastrophizing behavior, the explained variance increased to 35%, and after adding illness 
perceptions, the explained variance increased to 47%. In this model, more psychological 
distress (PHQ score, B = 0.79), more pain catastrophizing behavior (PCS score, B = 0.46), 
experiencing more consequences (B-IPQ ‘consequences’, B = 1.36) and more symptoms 
(B-IPQ ‘identity’, B = 1.11) were statistically significantly associated with higher MHQ-
pain scores. Of all significant variables in the final model, total PCS score had the 
largest standardized regression coefficient (β = 0.27) in this model, indicating that pain 
catastrophizing behavior has the largest independent effect on pre-treatment pain of all 
variables investigated in this study. 

We found similar associations in the hierarchical linear regression analysis on total MHQ 
score. Further details are reported in supplemental table 4. 

DISCUSSION 

The aim of this study was to investigate to what extent psychological factors are related 
to pre-treatment pain levels in patients receiving non-invasive treatment for CMC-1 OA. 
After controlling for patient characteristics and radiographic severity of OA, we found that 
higher psychological distress, more pain catastrophizing behavior and experiencing more 
consequences and symptoms from the illness were independently associated with higher 
pre-treatment pain levels. Pain catastrophizing behavior has the strongest association with 
pre-treatment pain. Patient characteristics and radiographic severity of the disease had no 
additive predictive value for pre-treatment pain. 

Several previous studies focused on the association between X-ray scores and pain in 
patients with CMC-1 OA. However, different methods are available to score X-rays [35] 
and the available literature is conflicting [6,7,36-39]. Several radiographic OA features 
including erosions and sclerosis have been linked to pain levels [36,39], while Dahaghin 
et al. [7] in a large population study (n=3906) reported that radiographic OA was poorly 
correlated with pain. In our study, we found that presence of STT OA could only explain a 
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limited amount of variance in pain scores. Possibly, other radiographic OA features have 
a stronger association with pain and would therefore be more informative. However, as 
presence of STT OA is a clear indication of advanced CMC-1 OA in the Eaton-Glickel 
classification [32], we expected a stronger association between presence of STT OA and 
pain in CMC-1 OA patients. While X-rays may still have an important role in clinical 
practice, our study indicates that their value for understanding pain scores is limited. 

To our knowledge this is the first study that assessed pre-treatment pain in CMC-1 OA 
patients that included both radiographic severity and psychological factors in the analysis. 
Murphy et al. [40] performed a similar study for women with knee OA. They found that 
fatigue, sleep quality and depression explained additional variance in pain severity after 
correcting for age and X-ray scores. This is in line with our findings that psychological 
factors explained additional variance in pre-treatment pain. However, in our study we 
found that psychological factors explained an additional variance of 40% compared to 10% 
in Murphy et al., which may be explained by use of different definitions of psychological 
variables in both studies. 

Becker et al. [17] reported that symptom severity could largely be explained by whether or 
not the patients sought treatment for his symptoms and by pain catastrophizing behavior. 
This is in agreement with our finding that pain catastrophizing behavior has the strongest 
association with pre-treatment pain of all variables included in our study. 

While no studies reported the association between pain and illness perceptions for patients 
with CMC-1 OA, Hill et al. [41] found that higher pain levels were associated with reporting 
more frustration, experiencing more consequences and expecting a chronic timeline in 
people with musculoskeletal hand problems. 

The strength of this study is the large population where we combined psychological distress, 
pain catastrophizing as well as illness perceptions in explaining pre-treatment pain in non-
invasively treated CMC-1 OA. Moreover, we included presence of STT OA in our analyses 
as measure for structural damage to the CMC-1 joint. To our knowledge this is the first 
study that combined psychological factors and radiographic severity of disease to explain 
pre-treatment pain levels of CMC-1 OA patients. 

Study limitations 
A limitation of our study is the quality of the X-rays that we used to score presence of 
STT OA. These X-rays were taken as part of daily clinical practice and therefore not taken 
in a standardized way, making it difficult to score all radiographic OA features. For that 
reason we only scored presence of STT OA, because presence of STT OA is an indication 
that radiologically the disease has reached an advanced stage [32]. Still our study clearly 
demonstrates that presence of STT OA, on X-rays taken as part of routine care, is not 
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related to pre-treatment pain, whereas psychological factors show a strong association 
with pre-treatment pain. 

In addition, it is not possible to draw any causal implications from our research findings 
due to the cross-sectional design of our study. While our study demonstrates a strong 
association between pre-treatment pain levels and psychological factors, more research is 
needed to determine the direction of this association. 

Future research 
Based on the strong association between pre-treatment pain and treatment outcomes in 
our study and in previous studies [17, 23, 31], the question arises whether psychological 
factors will affect treatment outcomes and consequently, whether treatment results will 
improve when patients receive psychological support in addition to usual care. A large 
prospective study may provide valuable knowledge of the longitudinal association between 
psychological factors and pain and can be used to answer the research questions of interest. 

Moreover, future studies have to demonstrate what type of psychological intervention would 
improve pain levels most in non-invasively treated CMC-1 OA patients, while also being 
feasible to offer in addition to usual care. This study suggests that pain catastrophizing 
behavior is the most important factor to target with a psychological intervention, but 
psychological distress and/or negative illness perceptions may be relevant targets for 
intervention as well. 

In conclusion, the present study demonstrates that patient characteristics and X-rays have 
limited value for understanding pain in patients with CMC-1 OA. In contrast, we found 
a strong association between psychological factors and pain levels prior to non-invasive 
treatment. Clinicians should be aware of the strong relation between pain and psychological 
factors and should look beyond X-ray scores to judge pain intensity in patients with CMC-1 
OA. 
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Figure 1. Flowchart

Figure 2. Increase in explained variance (increase in multiple R2) of pre-treatment MHQ-pain per step in 
the hierarchical linear regression model
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Table 1. Baseline characteristics of the patients included for analysis

Total (n = 255)

Age in years 59.8 (7.8)

Sex (%)

 Female 74.9%

Hand dominance (%)

 Right 91.4%

 Left 6.3%

 Both 2.4%

Laterality of the affected hand (%)

 Right 47.8%

 Left 50.2%

 Both 2.0%

Dominant hand affected (%) 51.8%

Duration of symptoms in months
(median, interquartile range)

12 (6-24)

Occupational intensity (%)

 Not employed 40.0%

 Light 21.6%

 Moderate 27.5%

 Severe 11.0%

STT OA present (%) 13.3%

PHQ score 1.6 (2.6)

PCS score 12.2 (10.0)

B-IPQ Consequences 6.4 (2.3)

B-IPQ Timeline 7.8 (2.3)

B-IPQ Personal control 5.3 (2.3)

B-IPQ Treatment control 6.8 (1.8)

B-IPQ Identity 6.1 (2.5)

B-IPQ Concern 6.1 (2.7)

B-IPQ Understanding 8.4 (2.0)

B-IPQ Emotional response 4.3 (2.8)

MHQ-pain 52.9 (17.3)

* Values reported as mean (SD) unless otherwise stated. 
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ABSTRACT

Purpose 
More positive outcome expectations and illness perceptions are associated with better 
outcomes for patients with several osteoarthritic orthopedic conditions. However, it is 
unknown whether these factors also influence outcomes of non-operative treatment for first 
carpometacarpal osteoarthritis (CMC-1 OA). Therefore, we assess the role of pre-treatment 
outcome expectations and illness perceptions in reports of pain and hand function three 
months after non-operative treatment for CMC-1 OA.  

Materials and methods 
We conducted a cohort study with 219 patients treated non-operatively for CMC-1 
OA between September 2017 and October 2018. Patients were included in the study if 
they completed measures of pain and hand function, illness perceptions (scale: 0-10) 
and expectations (scale: 3-27) as part of routine outcome measurements. Pain and hand 
function were measured before treatment and three months after starting treatment using 
the Dutch version of the Michigan Hand Outcome Questionnaire. Multivariable linear 
regression analysis was used to assess the influence of outcome expectations and illness 
perceptions on pain and hand function.  

Results 
Both positive outcome expectations (B = 0.64; 95%CI[0.1-1.2]) and a better illness 
understanding (an illness perception subdomain; B = 1.53; 95%CI[0.2-2.9]) at baseline were 
associated with less pain at three months. For hand function, similar estimated were found.   

Conclusions 
We found that positive outcome expectations and a better illness understanding, were 
associated with a better outcome of non-operative treatment for CMC-1 OA.   
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INTRODUCTION 

Carpometacarpal osteoarthritis of the thumb (CMC-1 OA) is a disabling illness where 
non-operative treatment can often be successful1. The incidence of CMC-1 OA is estimated 
at 7.5%, of which 20 % seeks treatment 2. Usually, treatment is started non-operatively 
with orthosis, injections, or hand therapy. As a recent study indicated, a good outcome of 
non-operative treatment for CMC-1 OA may delay and often prevent surgical treatment3. 
Given the considerable variation in treatment outcome for CMC-1 OA and modest patient 
satisfaction 4, it is important to understand which pre-treatment factors are associated with 
a better outcome of non-operative treatment for CMC-1 OA.

To date, it is mostly unknown which factors are associated with a better outcome 
of non-operative treatment for CMC-1 OA. One study found no predictive factors for 
treatment outcome over and above baseline pain and function 1. However, in this study, the 
psychological mindset of patients at the start of the treatment was not assessed. 

Several aspects of the influence of patient mindset on the outcome of treatment have 
been assessed before. For example, studies have found that patients who experience more 
psychological distress and who have a stronger tendency to catastrophize pain may benefit 
less from CMC-1 OA treatments 5-8. However, these studies are limited as they did not 
adjust for baseline disease severity. 

Two additional and potentially-important aspects of the patient mindset are the extent 
to which a patient has positive expectations about the efficacy of the treatment, and the 
illness perceptions of the patients. Several studies in other conditions have demonstrated 
a positive association between outcome expectations and better patient-reported treatment 
outcomes across a variety of medical conditions including osteoarthritis 9-14. However, no 
prior studies have prospectively examined the role of expectations and illness perception 
on outcomes of non-operative treatment in CMC-1 OA. 

Therefore, we investigated the association between treatment outcome expectations and 
illness perceptions and patient-reported pain and hand function three months after starting 
non-operative treatment of CMC-1 OA patients, while adjusting for baseline pain, function, 
psychological distress and catastrophic thinking about pain. 

METHODS 

Context 
The study was performed at Xpert Clinic and Handtherapie Nederland, comprising of 
22 outpatient clinics for hand surgery and therapy in the Netherlands, and took place 
between September 2017 and October 2018, after approval by the local Medical Ethical 
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Committee (Rotterdam, NL/sl/MEC-2018-1088). Patients were treated by hand therapists 
who received the same internal training on how to treat CMC-1 OA with hand therapy. 
Participants received treatment under the supervision of (generally) the same therapist, 
using a standardized protocol. All therapist are certified physical therapist with extensive 
experience as a hand therapist. 

Patients 
All patients receiving non-operative treatment for CMC-1 OA who completed psychological 
screening questionnaires before treatment and the Michigan Hand Outcome Questionnaire 
(MHQ) before treatment and three months after treatment were included in the cohort. 
Details of the data collection have been published earlier15.  Patients and therapists were 
not blinded to the treatment.

Intervention 
All patients were clinically diagnosed with CMC-1 OA based on presenting complaints and 
clinical signs. As defined in the Dutch guideline16 for primary CMC-1 OA, all patients were 
offered non-operative treatment first, including an orthosis and/or hand therapy. In general, 
treatment consisted of prescribing a custom-made or prefabricated thumb orthosis (usually 
including CMC-1 palmar and radial abduction and slight metacarpophalangeal flexion) 
and one to two 25-minute sessions of hand therapy per week for a total of 12 weeks. 
The first six weeks of treatment aimed at correcting the position of the CMC-1 into a more 
stable position of palmar and radial abduction and prevention of flexion and adduction. 
This included coordination and mobility exercises4 (4-6 times/day, 10-15 repetitions). 
The last six weeks of treatment were mainly focused on improving active stability and 
pinch strength and also included functional exercises4 (2-3 times/day up until 50-100 
repetitions). Additional or fewer sessions could be planned based on the therapist's judgment 
and the availability of the participant. A more detailed description of the treatment has 
been reported in a previous paper 1, 4.

Outcome measures 
The primary endpoint for this study was three months after starting non-operative treatment. 
As the primary outcome, we used the pain subscale of the Dutch version of the MHQ17, 
measured as part of routine outcome measurements. The MHQ is a validated patient-
reported outcome measure to assess patients’ pain and hand functioning 17, 18. The secondary 
outcome was the hand function subscale of the MHQ. The questions of these subscales 
result in a 0 (severe pain or dysfunction) – 100 (no pain or dysfunction) score. All data 
was collected as part of routine outcome measurement using GemsTracker electronic data 
capture tools19. After the initial diagnosis, a hand therapist assigns prespecified routine 
outcome measures to all patients in the clinic. Patients receive emails to complete online 
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questionnaires at preset time points. This system has been described in more detail in an 
earlier publication15. Completing questionnaires is encouraged and facilitates evaluation 
of progress throughout the treatment, but completing questionnaires is not required for 
any part of the treatment.

Baseline demographics 
Baseline characteristics of all patients (including age, sex, workload, duration of complaints, 
hand dominance, smoking status, and body mass index) were collected by the therapist 
during the first consultation. 

Patient mindset 
To assess patients’ baseline mindset, patients completed four questionnaires: i) the Patient 
Health Questionnaire (PHQ-4)20, a screening tool for depression and anxiety that results 
in a score from 0 (no psychological distress) – 12 (high psychological distress), ii) 
the Pain Catastrophizing Scale (PCS)21, a questionnaire to assess a patient’s tendency 
to catastrophize pain. The PCS ranges from 0 (no pain catastrophizing) – 52 (high pain 
catastrophizing), iii) the Credibility/ Expectancy Questionnaire (CEQ)22, a questionnaire 
that measures patients’ outcome expectations and credibility of the treatment and results in 
a score from 3 (low expectations and credibility) – 27 (high expectations and credibility). 
The CEQ specifically asks patients how much they “feel” or “think” the treatment will 
reduce symptoms and the physical limitation due to symptoms of their CMC-1 OA. In this 
study, we only evaluated the 3-item expectancy subscale of the CEQ. iv) The Brief Illness 
Perceptions Questionnaire (B-IPQ)23, a questionnaire that measures how patients perceive 
their illness on eight separate domains, using a single 0-10 question for each domain. 
The fourth question of the IPQ asks patients how they think the treatment will affect their 
illness. Since this construct is evaluated using the expectancy domain of the CEQ as well, 
this item of the B-IPQ was not used in our analyses. We used the validated Dutch versions 
of all questionnaires 24-26.

Data analysis 
First, we assessed the univariable associations of all baseline characteristics with pain 
and hand function at three months. However, in this analysis we adjusted for baseline 
MHQ, because we previously found that baseline pain and function were strongly related 
to the outcome3. Then, to asses which patient characteristics and mindset variables were 
independently associated with outcome, we performed two multivariable linear regressions 
with pain and hand function as outcomes. In addition to an overall multivariable model, we 
developed a stepwise multivariable model to assess the contribution of the different sets of 
variables to the explained variance (R2). First, we added patient and disease characteristics 
to the model, second, we added psychological distress and pain catastrophizing, and finally, 



226

Chapter 10

we added outcome expectations and illness perceptions. We added psychological distress 
and pain catastrophizing first, because previous literature has shown associations between 
these variables and pain and hand function. The relationship between outcome expectations, 
illness perceptions and outcomes is unknown. Therefore, we added these variables last.

All analyses were conducted using R statistical computing, version 3.3.4. For all tests, a 
p-value ≤ 0.05 was considered statistically significant. We assumed that all relationships 
were linear and the model residuals were normally distributed. We confirmed these 
assumptions. A power calculation using G Power (version 3.1), based on a multivariable 
model, indicated that a sample of 159 patients was needed to detect a small to medium 
effect (f = 0.1) of the patient mindset on outcomes given a power of 0.8 and alpha of 0.05. 

The funder played no role in the design, conduct, or reporting of this study. 

RESULTS 

Between September 2017 and October 2018, we included 219 patients. Figure 1 shows the 
flow of patients throughout the study and reasons for exclusion. 87% of all patients who 
completed the MHQ also completed all mindset questionnaires while at three months, 60% 
of these patients also completed the MHQ. There were no significant differences patients 
who did and did not complete all necessary questionnaires. 

Table 1 presents the baseline demographic characteristics and mindset variables of all 
patients that are included in the analysis. Patients had a mean age (SD) of 60 (7) years old 
and the majority were female (76%). On average, the MHQ pain subscale at three months 
improved by 10 points (p < 0.001, 95%CI [8 – 12]) and the MHQ hand function subscale 
increased by 5 points (p < 0.001, 95%CI [3 – 7]) compared to baseline. 

In the univariable analyses, where we only adjusted for baseline MHQ values, being a 
smoker was associated with more pain at three months. Additionally, having more positive 
outcome expectations was associated with less pain and increased hand function at three 
months (see Table 2). 

In the multivariable analyses a more positive outcome expectation and a better illness 
understanding (an illness perception subdomain) of patients’ illness were associated 
with less pain (see Table 3). For hand function, a more positive outcome expectation 
was associated with better hand function at three months. Figures 2 and 3 illustrate the 
magnitude of the effect of pre-treatment expectations and illness perceptions on pain and 
hand function at three months, illustrating both the systematic effects and the relatively 
large variation between subjects. 

Stepwise linear regression analysis revealed that 32% of the variance in pain at three 
months could be explained by patient characteristics and baseline pain. No additional 
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variance could be explained by psychological distress and pain catastrophizing, but outcome 
expectations and illness perceptions explained an additional 5% of the variance over and 
above all other variables (Supplementary Table 1). For hand function, 28% of the variance 
at three months could be explained by patient characteristics and baseline hand function. 
An additional 1% could be explained by psychological distress and pain catastrophizing 
and outcome expectations and illness perceptions explained an additional 4% over and 
above all other variables (Supplementary Table 2). 

DISCUSSION 

We investigated the relation between the psychological mindset of CMC-1 OA patients 
at the start of a non-operative treatment and patient-reported pain and hand function at 
three months after treatment. We found that two aspects of the patient mindset, positive 
outcome expectations and a better illness understanding, were independently associated 
with a better outcome of non-operative treatment for CMC-1 OA. After adjusting for patient 
characteristics, pain catastrophizing and psychological distress, we found that two aspects 
of the patient mindset, positive outcome expectations and a better illness understanding, 
were independently associated with a better outcome of non-operative treatment for CMC-1 
OA

Our finding that more positive outcome expectations are associated with better outcomes 
is in line with several other studies 27, 28. For example, Blanchard et al. 27 found that women 
with higher self-efficacy and outcome expectations were more likely to be active during 
cardiac rehabilitation and Lurie et al. 28 found that lumbar disc herniation patients with 
more positive outcome expectations had better outcomes and were more physically active 
during cardiac rehabilitation. 

Several mechanisms may explain the relationship between outcome expectation and patient-
reported outcomes. For example, studies indicate that having more positive treatment 
outcome expectations may trigger psychobiological mechanisms, such as anxiety reduction, 
positive affectivity, cognitive reinterpretation, treatment adherence, and conditioning 29-31. 
This is confirmed in studies showing that interventions aimed to optimize patients̀  outcome 
expectations have improved outcomes 32-35. Future studies could investigate how different 
expectation management strategies affect patients with CMC-1 OA and evaluate their 
effects on outcomes in daily clinical practice. 

In addition to outcome expectations, our results show that patients that report a better 
illness understanding have less pain at three months. This is in line with findings from 
Hanusch et al.11, who found that better illness understanding was associated with better 
early recovery after total knee arthroplasty. Moreover, Mosleh et al.36 found that patients 
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with coronary heart disease who reported better illness understanding were more likely 
to adhere to exercise therapy.

While we studied associations, several studies have investigated strategies to change 
patients’ illness perception. For instance, Lee et al. 37 educated trauma patients on the 
theory of illness perceptions and asked them to identify inadequate perceptions. In this 
study, they found that these patients obtained more positive illness perceptions, however 
the influence on outcome was unfortunately not studied. Future studies may investigate if 
incorporating these strategies in the treatment of CMC-1 OA also leads to a more positive 
illness perception and, most importantly, in better outcomes. 

In contrast with previous literature, we did not find an association between outcomes 
of non-operative treatment for CMC-1 OA and pain catastrophizing and psychological 
distress. For example, the papers by Das De et al.6 and Lozano-Calderon et al.7 showed 
that these factors play an important role in patients with CMC-1 OA. However, in these 
studies post-treatment PROMs were not adjusted for pre-treatment PROMs, which might 
explain the difference with our own findings. As CMC-1 OA complaints are known to be 
associated with pain catastrophizing and psychological distress before treatment38, it may be 
worthwhile to further investigate potential indirect pathways through which these mindset 
variables affect treatment outcomes in CMC-1 OA.  

The strengths of our study are its longitudinal design and the fact that this is the first to 
study the influence of expectations alongside other psychosocial factors on outcome of 
non-operative treatment of CMC-1 OA. More specifically, most upper extremity studies do 
not take pre-treatment symptoms into account when investigating the role of the patients' 
mindset, even though pre-treatment symptoms play an important role in predicting 
outcomes in upper extremity conditions 3, 39.

Study limitations 
A limitation of our study is the non-response rate during our study; 87% of all patients who 
completed the MHQ also completed all mindset questionnaires while at three months, 60% 
of these patients also completed the MHQ. However, there were no significant differences 
in baseline characteristics between the non-responders and the patients included in the 
analysis, suggesting no selection bias on the reported analyses. Furthermore, this percentage 
of missing data is representative of routine longitudinal data collection. For example, Crijns 
et al.40 found similar rates of missing data in hand surgery patients.  

CONCLUSION 

Our finding that higher outcome expectation leads to better outcomes may challenge the 
common belief in orthopedic surgery, hand surgery and hand therapy that a patient should 
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not have too high expectations 41. Discussing outcome expectations at the start of the non-
operative treatment, in particular with patients who appear skeptic about the potential 
treatment benefits, might contribute to better outcomes. Our results also indicate that 
explaining the illness to a patient may also improve the outcome of treatment. Therefore, 
it might be worthwhile for clinicians to ensure that the patient understands the etiology 
and prognosis of their illness. 
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Figure 1. Flow diagram of the study. 
MHQ = Michigan Hand outcome Questionnaire
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Figure 2A

Figure 2B

Figure 2AB. Effect plots of association between outcome expectations (A) and illness understanding (B) 
and pain at three months. All points represent individual patients. Jitter, minimal random variance, has been 
added to display overlapping points. Higher Michigan Hand outcome Questionnaire (MHQ) pain score on 
the y-axis represents less pain. Higher scores on the x-axes represent more positive outcome expectations 
or better understanding.
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Figure 3. Effect plots of association between expectations and hand function at three months. All points 
represent the scores of individual patients. Jitter has been added to display overlapping points. Higher 
Michigan Hand outcome Questionnaire (MHQ) hand function score on the y-axis represents more hand 
function. Higher scores on the x-axes represent more positive outcome expectations.
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Table 1. Baseline patient and psychosocial characteristics of the study population (N=219 patients 
receiving non-operative treatment for first carpometacarpal osteoarthritis)

Value Questionnaire Range

Age, year (SD) 60 (7)  

Sex, Male, (%) 52 (24)  

Duration of complaints, months, median (IQR) 10 (5-24)  

BMI, mean (SD) 27 (5)  

Current non-smoker, (%) 195 (89)  

Workload, (%)   

No paid labor 84 (38)  

Light physical labor 45 (21)  

Medium physical labor 64 (29)  

Heavy physical labor 26 (12)  

Baseline MHQ pain, mean (SD) 46 (16) 0 (worst) – 100 (best)

Baseline MHQ hand function, mean (SD) 56 (17) 0 (worst) – 100 (best)

PHQ Psychological Distress, median (IQR) 0 (0-2) 0 (best) – 12 (worst)

Pain Catastrophizing Score, median (IQR) 10 (5-18) 0 (best) – 52 (worst)

CEQ Expectations Score, median (IQR)) 18 (15-20) 3 (worst) – 27 (best)

IPQ consequences, median (IQR) 7 (5-8) 0 (best) – 10 (worst)

IPQ timeline, median (IQR) 8 (6-10) 0 (best) – 10 (worst)

IPQ personal control, median (IQR) 5 (4-7) 0 (worst) – 10 (best)

IPQ identity, median (IQR) 7 (5-8) 0 (best) – 10 (worst)

IPQ concern, median (IQR)  7 (5-8) 0 (best) – 10 (worst)

IPQ illness comprehensibility, median (IQR) 9 (8-10) 0 (worst) – 10 (best)

IPQ emotional consequences, median (IQR) 4 (1.5-7) 0 (best) – 10 (worst)

Michigan Hand outcome Questionnaire (MHQ), Body Mass Index (BMI), Patient Health Questionnaire(PHQ), 
Credibility and Expectations Questionnaire (CEQ), Illness Perceptions Questionnaire (IPQ) 
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Table 2. Multivariable associations between MHQ at three months and individual predictors, 
adjusted for baseline MHQ, indicating the association of the different variables with the MHQ 
outcome

  MHQ Pain - three months MHQ Hand function - three months

    B 95%CI β   B 95%CI β

Age   0.26 [0-0.6] 0.10   0.00 [-0.2-0.2] 0.00

Sex. Male   -0.45 [-5.8-4.9] -0.02   2.91 [-1-6.8] 0.20

Duration of complaints (months)   0.02 [-0.1-0.1] 0.03   -0.03 [-0.1-0] -0.05

BMI   0.09 [-0.3-0.5] 0.02   -0.03 [-0.4-0.3] -0.01

Current non-smoker   9.53 [2.4-16.7] 0.49   4.03 [-1.3-9.4] 0.28

Workload                

No paid labor (reference)   - -       -  

Light physical labor   3.99 [-2-10] 0.21   3.50 [-1.1-8.1] 0.24

Medium physical labor   -2.21 [-7.6-3.2] -0.11   0.04 [-4.1-4.2] 0.00

Heavy physical labor   -6.46 [-13.8-0.9] -0.33   -1.80 [-7.4-3.8] -0.12

PHQ Psychological Distress (0-12)   -0.56 [-1.6-0.4] -0.07   -0.78 [-1.5-0] -0.12

Pain catastrophizing scale (0-52)   -0.06 [-0.3-0.2] -0.03   -0.18 [-0.4-0] -0.11

CEQ Expectancy scale (3-27)   0.66 [0.2-1.1] 0.16   0.53 [0.2-0.9] 0.17

IPQ Consequences (0-10)   -0.28 [-1.4-0.8] -0.03   -0.36 [-1.1-0.4] -0.06

IPQ Timeline (0-10)   -0.86 [-1.9-0.1] -0.10   -0.56 [-1.3-0.2] -0.09

IPQ Personal control (0-10)   0.30 [-0.7-1.3] 0.03   0.96 [0.2-1.7] 0.14

IPQ Identity (0-10)   -0.46 [-1.4-0.5] -0.06   -0.29 [-1-0.4] -0.05

IPQ Concern (0-10)   -0.67 [-1.7-0.3] -0.09   -0.50 [-1.2-0.2] -0.09

IPQ Illness comprehensibility (0-10)   1.18 [-0.2-2.5] 0.10   0.40 [-0.6-1.4] 0.04

IPQ Emotional consequences (0-10)   0.14 [-0.7-1] 0.02   -0.55 [-1.2-0.1] -0.11

Bold indicates statistically significant covariates 
Michigan Hand outcome Questionnaire (MHQ). Body Mass Index (BMI). Patient Health Questionnaire (PHQ). 
Credibility and Expectations Questionnaire (CEQ). Illness Perceptions Questionnaire (IPQ) 
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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 non-operative treatment for thumb base osteoarthritis (CMC-1 OA). 

Design 
Cohort study 

Setting 
20 outpatient locations of a clinic for hand surgery and hand therapy in The Netherlands. 

Participants 
Patients (n=308) receiving non-operative treatment for CMC-1 OA, including exercise 
therapy, an orthosis, or both, between September 2017 and February 2019. 

Interventions 
Non-operative treatment (i.e. exercise therapy, an orthosis, or both) 

Main outcome measure 
Satisfaction with treatment outcomes was measured after three months of treatment. 
We measured total MHQ score at baseline and at three 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 pre-treatment outcome expectations were associated with a higher probability 
of being satisfied with treatment outcomes at three months (odds ratio = 1.15, 95% CI 1.07-
1.25). Only a relatively small part (33%) of this association was due to a higher total MHQ 
score at three 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 pre-treatment outcome expectations are 
more likely to be satisfied with treatment outcomes after three months of non-operative 
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treatment for CMC-1 OA. This association could only partially be explained by a better 
functional outcome at three months for patients who were satisfied. Health care providers 
treating patients non-operatively for CMC-1 OA should be aware of the importance of 
expectations and may take this into account in pre-treatment counseling. 
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INTRODUCTION 

Osteoarthritis of the first carpometacarpal joint (CMC-1 OA) is a common disease, 
especially in postmenopausal women (1). Symptoms include pain, limitations in activities, 
and loss of hand function (2). Several non-operative and operative treatment options are 
available (3). Current practice is to treat patients non-operatively first. This often consists 
of exercise therapy, an orthosis, or both (4-6). Surgery can be considered if symptoms 
are not sufficiently relieved by non-operative treatment (4). Non-operative 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, it is still unknown which factors explain this variation in 
satisfaction with treatment outcomes for these patients (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 following 
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 towards his treatment (14). Because patients generally 
have a particular mindset towards 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 on this. 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 literature, there currently is no 
consensus or best practice on how clinicians should deal with patients’ expectations in 
order 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 
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steroid injections for hand and wrist conditions, it remains unknown if these factors also 
explain satisfaction with treatment outcomes in patients receiving non-operative 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 three months of non-operative 
treatment for CMC-1 OA when accounting for total MHQ score at three months. 

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 (FESSH) 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 non-operatively for CMC-1 OA after being diagnosed 
with CMC-1 OA by a Federation of European Societies for Surgery of the Hand (FESSH) 
certified hand surgeon. The diagnosis was made based on clinical presentation and X-rays 
when required. Non-operative treatment consisted of immobilizing the CMC-1 joint using 
an orthosis and performing exercises to improve the active stability of the CMC-1 joint 
and strength of the thenar muscles. This treatment protocol has previously been described 
in more detail (5). Non-operative treatment was offered for at least three months before 
surgery was considered. All hand therapists received the same training on how to treat 
CMC-1 OA patients. 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. 

All patients were invited 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, gender, occupational 
intensity, duration of symptoms, hand dominance, and affected hand, were collected. 
Occupational intensity was categorized as: not employed, light occupational intensity 
(e.g., working in an office), moderate occupational intensity (e.g., working in a shop), or 
severe occupational intensity (e.g., construction work). Patients who did not complete all 
questionnaires of interest at baseline and three months were excluded from the study. 
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Outcome measurements 
Satisfaction with treatment outcomes was the primary outcome measure. This was 
measured using a self-designed questionnaire administered three months after the start 
of non-operative treatment. In this questionnaire, we asked patients “To what extent are 
you satisfied with the treatment outcomes obtained so far?”, which could be 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, since 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 three months, patients were invited to complete the Michigan Hand 
Outcome Questionnaire (MHQ) (24). The MHQ is a patient-reported outcome measure 
with good reliability, validity, and responsiveness for CMC-1 OA patients (25). The MHQ 
consists of six domains (pain, hand function, aesthetics, work, activities of daily life, 
and satisfaction with hand function), each with a score ranging from 0-100 (0 = poorest 
function, 100 = ideal 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 
three months as functional improvement measure since 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 two domains (expectations and credibility) with three 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 (PCS)(27), the Patient 
Health Questionnaire-4 (PHQ-4)(28) and the Brief Illness Perception Questionnaire (B-IPQ)
(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-
Whitney-Wilcoxon 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 significant differences between continuous data. We performed a non-responder 
analysis to compare baseline characteristics of patients completing all questionnaires of 
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interest (responders) and patients who only completed the MHQ at baseline and three 
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 patients’ mindset. For the 
logistic regression model, odds ratios (OR) with 95% confidence intervals (95% CI) were 
calculated. 

In the multivariable regression model, we included the aforementioned baseline 
characteristics, patient-reported hand function (total MHQ score), psychological factors 
(total PCS score, total PHQ-4 and total B-IPQ score), CEQ Expectancy Score, and CEQ 
Credibility Score. Using the rule of thumb of one variable per ten 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. 
Asssuming that 50% of all patients would be classified as satisfied (5), a minimum of 
260 patients is needed. Since 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 non-linear 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 greater than 10 an 
indication for multicollinearity (36). 

As a secondary analysis (in addition to our multivariable logistic regression), we performed 
a mediation analysis (37, 38). As previous studies in hand surgery and orthopaedics 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 
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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 three 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 8.1, using Mplus code based on 
Feingold et al. (45) for mediation with a continuous predictor and a non-rare binary 
outcome. All other analyses were performed using R statistical computing, version 3.5.2. 
For all tests, a p-value smaller than 0.05 was considered statistically significant. 

RESULTS 

In the study period, 656 patients were treated non-operatively 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 three months after the start of treatment and were 
included in the analysis (Figure 1). 

Of the included patients, 76% were female, the mean age was 61 years (SD 8), and the mean 
total MHQ score at baseline was 60 (SD 15). 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 (non-responders) 
and only found that the included patients had a shorter duration of symptoms (responders: 
median 9, IQR (5-24), non-responders: median 12, IQR (6-24))(Supplemental table 1). 

Figure 2 shows the distribution of satisfaction on the 5-point Likert scale and the division 
into the two categories; of the 308 patients, 46% were satisfied with treatment outcomes, 
while 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 compared to patients 
that were satisfied with treatment outcomes (Table 1). Also, patients that 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 (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% CI 1.07-1.25)(Table 2). This odds ratio indicates 
that patients with one 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 non-linear effects of the CEQ Expectancy 
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Score did not have significantly better fit (p=0.23) 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. We therefore 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 Expectancy Score would also have a higher total MHQ 
score at three 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 due to total MHQ score 
at three months (Figure 4). The remaining 67% of the effect of expectations can either be 
explained by a direct effect on satisfaction or by an indirect effect through another factor 
that was not measured. This indicates that a better MHQ score at three 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 three months of 
non-operative treatment for CMC-1 OA. Additionally, we found that only one-third of this 
effect was due to better treatment outcomes at three 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 three 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 et al. (48), Mahomed et al. (52) and Neuprez et 
al. (53) also reported an association between higher expectations and satisfaction with 
treatment outcomes after orthopaedic surgery, while several authors reported a negative 
association between expectations and satisfaction (54) 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 (e.g., hip or knee OA), different questionnaires to 
assess expectations or different pre-treatment counselling. However, our results suggest 
that it would be better to optimize expectations to improve satisfaction and, to a lesser 
extent, improve treatment outcomes. A trial evaluating effects of different expectation 
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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 non-operative treatment and 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 patients’ mindset and still found 
no other predictive baseline factors for satisfaction with treatment outcomes than CEQ 
Expectancy Score. 

Strengths and limitations 
A strength of this study is the large sample size in a population-based 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, for 
example, pointed out 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 
while another patient may be dissatisfied, while having the same treatment outcome. 
However, while 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 self-designed questionnaire to assess 
satisfaction with treatment 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 is very similar 
to questionnaires and analyses used in previous studies, which facilitates 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. 
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Previous studies have reported that the context of treatment (e.g., communication style of 
the health care provider) also affects satisfaction with treatment outcomes (19, 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 three months of non-operative 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 non-operative treatment for CMC-1 OA, for 
example by framing pre-treatment information in a positive manner, will positively affect 
satisfaction and treatment outcomes. 

CONCLUSION 

This study demonstrates that patients with higher treatment outcome expectations are 
more likely to be satisfied with treatment outcomes after three months of non-operative 
therapy for CMC-1 OA. Health care providers treating patients non-operatively for CMC-1 
OA should be aware of the importance of expectations and should take this into account 
in pre-treatment counseling. 
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Figure 1. Flow chart of patient inclusion 
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distribution of dichotomized satisfaction with treatment outcomes. 
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Figure 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. 

Figure 4. Mediation model. The relation between CEQ Expectancy Score and satisfaction with treatment 
outcomes was mediated by the total MHQ score at three months. The standardized regression coefficients 
are reported from the regression of CEQ Expectancy Score on total MHQ Score at three months and the 
regression of CEQ Expectancy Score and total MHQ Score at three 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%). 
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Table 1. Patient characteristics at baseline

Questionnaire
range (if 
applicable)

All 
included 
patients 
(n=308)

Satisfied 
with 
outcomes 
(n=141)

Less 
satisfied 
with 
outcomes 
(n=167)

Effect 
size

P-value

Age in years 61 (8) 61 (7) 61 (8) 0.781

Sex (%) 0.712

 Female 76% 77% 75%

Hand dominance (%) 0.683

 Right 89% 88% 90%

 Left 6% 8% 5%

 Both 5% 4% 5%

Affected hand (%) 0.525

 Right 42% 42% 43%

 Left 46% 48% 44%

 Both 12% 10% 14%

Dominant hand 
affected (%)

41% 42% 40% 0.849

Duration of symptoms 
in months, median 
(interquartile range)

9 (5-24) 8 (4-24) 12 (6-24) 0.454

Workload (%) 0.628

 Not employed 39% 38% 40%

 Light 20% 22% 19%

 Moderate 30% 31% 29%

 Severe 11% 9% 13%

MHQ score 0 – 100 60 (15) 63 (15) 57 (15) 0.37 0.001

PHQ score 0 – 12 1.2 (2.2) 0.9 (2.0) 1.4 (2.3) -0.23 0.045

PCS score 0 – 52 11 (9) 10 (8) 13 (10) -0.35 0.002

B-IPQ score 0 – 80 51 (9) 50 (10) 52 (8) -0.23 0.044

CEQ Expectancy 
Score

3 – 27 18 (5) 20 (4) 17(5) 0.67 <0.001

CEQ Credibility Score 3 - 27 21 (4) 22 (4) 20 (4) 0.47 <0.001

* Values reported as mean (SD) unless otherwise stated. 
MHQ = Michigan Hand outcomes Questionnaire, PHQ = Patient Health Questionnaire-4, PCS = Pain Catastrophizing 
Scale, B-IPQ = Brief Illness Perception Questionnaire, CEQ = Credibility and Expectancy Questionnaire 
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Table 2. Multivariable logistic regression analysis on satisfaction with treatment outcomes

OR (95% CI)

Age 1.01 (0.97-1.05)

Sex, male 0.77 (0.41-1.44)

Dominant hand affected 1.15 (0.70-1.89)

Duration of symptoms 1.01 (1.00-1.02)

Workload

 Light 1.21 (0.59-2.48)

 Moderate 1.15 (0.57-2.30)

 Severe 1.02 (0.39-2.60)

MHQ score 1.02 (1.00-1.04)

PHQ score 1.00 (0.86-1.14)

PCS score 0.99 (0.95-1.02)

B-IPQ score 1.02 (1.00-1.04)

CEQ Expectancy Score 1.15 (1.07-1.25)***

CEQ Credibility Score 1.03 (0.95-1.12)

* p ≤ 0.05 
** p ≤ 0.01 
*** p ≤ 0.001 
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ABSTRACT 

Background 
Satisfaction with treatment results is an important outcome domain in striving for patient-
centered and value-based healthcare. Although numerous studies have investigated factors 
associated with satisfaction with treatment results, most studies used relatively small 
samples. Additionally, many studies have only investigated univariable associations instead 
of multivariable associations; to our awareness, none have investigated the independent 
association of baseline sociodemographics, quality of life, improvement in pain and 
function, experiences with healthcare delivery, and baseline measures of mental health 
with satisfaction with treatment results. 

Questions/purposes 
(1) What factors are independently associated with satisfaction with treatment results at 3 
months post-treatment in patients treated for common hand and wrist conditions? (2) What 
factors are independently associated with the willingness to undergo the treatment again at 
3 months post-treatment in patients treated for common hand and wrist conditions? Among 
the factors under study were baseline sociodemographics, quality of life, improvement in 
pain and function, experiences with healthcare delivery, and baseline measures of mental 
health.

Methods 
Between August 2018 and May 2020, we included patients who underwent carpal tunnel 
release, nonsurgical or surgical treatment for thumb-base osteoarthritis, trigger finger 
release, limited fasciectomy for Dupuytren’s contracture, or nonsurgical treatment for 
midcarpal laxity in one of the 28 centers of Xpert Clinics in the Netherlands. We screened 
5859 patients with complete sociodemographics and data at baseline. Thirty-eight percent 
(2248 of 5859) of these patients had complete data at 3 months. Finally, participants were 
eligible for inclusion if they provided a relevant answer to the three patient-reported 
experience measures (PREM) items. A total of 424 patients did not do this because they 
answered “I don’t know” or “not applicable” to a PREM item, leaving 31% (1824 of 
5859) for inclusion in the final sample. A validated Satisfaction with Treatment Result 
Questionnaire was administered at 3 months, which identified the patients’ level of 
satisfaction with treatment results so far on a 5-point Likert scale (research question 1, 
with answers of good, excellent, poor, moderate, or fair) and the patients’ willingness 
to undergo the treatment again under similar circumstances (research question 2, with 
answers of yes or no). A hierarchical logistic regression model was used to identify whether 
baseline sociodemographic, change in outcome (patient-reported outcome measures for 
quality of life, hand function, and pain), baseline measures of mental health (including 
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treatment credibility [the extent to which a patient attributes credibility to a treatment] 
and expectations, illness perception, pain catastrophizing, anxiety and depression), and 
patient-reported experience measures (PREMs) were associated with each question 
of the Satisfaction with Treatment Result Questionnaire at 3 months post-treatment. 
We dichotomized our first question into good and excellent, which were considered more 
satisfied, and poor, moderate, and fair were considered less satisfied. After dichotomization, 
57% (1042 of 1824) of patients were classified as more satisfied with the treatment results.

Results 
The following variables were independently associated with satisfaction with treatment 
results, with an area under the curve of 0.82 (95% confidence interval 0.80 to 0.84) 
(arranged from the largest to the smallest standardized odds ratio): greater decrease in 
pain during physical load (SOR 2.52 [95% CI 2.18 to 2.92]; p < 0.001), patient’s positive 
experience with the explanation of the pros and cons of the treatment (determined with the 
question: “Have you been explained the pros and cons of the treatment or surgery?”) (SOR 
1.83 [95% CI 1.41 to 2.38]; p < 0.001), greater improvement in hand function (SOR 1.76 
[95% CI 1.54 to 2.01]; p < 0.001), patients’ positive experience with the advice for at home 
(determined with the question: “Were you advised by the healthcare providers on how to 
deal with your illness or complaints in your home situation?”) (SOR 1.57 [95% CI 1.21 to 
2.04]; p < 0.001), patient’s better personal control (determined with the question: “How 
much control do you feel you have over your illness?”) (SOR 1.24 [95% CI 1.1 to 1.40]; p 
< 0.001), patient’s more positive treatment expectations (SOR 1.23 [95% CI 1.04 to 1.46]; 
p = 0.02), longer expected illness duration by the patient (SOR 1.2 [95% CI 1.04 to 1.37]; 
p = 0.01), a smaller number of symptoms the patient saw as part of the illness (SOR 0.84 
[95% CI 0.72 to 0.97]; p = 0.02), and less concern about the illness the patient experiences 
(SOR 0.84 [95% CI 0.72 to 0.99]; p = 0.04). For willingness to undergo the treatment again, 
the following variables were independently associated with an AUC of 0.81 (95% CI 0.78 
to 0.83) (arranged from the largest to the smallest standardized OR): patient’s positive 
experience with the information about the pros and cons (determined with the question: 
“Have you been explained the pros and cons of the treatment or surgery?”) (SOR 2.05 [95% 
CI 1.50 to 2.8]; p < 0.001), greater improvement in hand function (SOR 1.80 [95% CI 1.54 
to 2.11]; p < 0.001), greater decrease in pain during physical load (SOR 1.74 [95% CI 1.48 
to 2.07]; p < 0.001), patient’s positive experience with the advice for at home (determined 
with the question: “Were you advised by the healthcare providers on how to deal with your 
illness or complaints in your home situation?”) (SOR 1.52 [95% CI 1.11 to 2.07]; p = 0.01), 
patient’s positive experience with shared decision-making (determined with the question: 
“Did you decide together with the care providers which care or treatment you will receive?”) 
(SOR 1.45 [95% CI 1.06 to 1.99]; p = 0.02), higher credibility the patient attributes to the 
treatment (SOR 1.44 [95% CI 1.20 to 1.73]; p < 0.001), longer symptom duration (SOR 1.27 
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[95% CI 1.09 to 1.52]; p < 0.01), and patient’s better understanding of the condition (SOR 
1.17 [95% CI 1.01 to 1.34]; p = 0.03). 

Conclusion 
Our findings suggest that to directly improve satisfaction with treatment results, clinicians 
might seek to: (1) improve the patient’s experience with healthcare delivery, (2) try to 
influence illness perception, and (3) boost treatment expectations and credibility. Future 
research should confirm if these suggestions are valid and perhaps also investigate whether 
satisfaction with treatment results can be predicted (instead of explained, as was done in 
this study). Such prediction models, as well as other decision support tools that investigate 
patient-specific needs, may influence experience with healthcare delivery, expectations, or 
illness perceptions, which in turn may improve satisfaction with treatment results. 
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INTRODUCTION 

Satisfaction with treatment results is an important outcome domain in striving for patient-
centered and value-based healthcare. In these frameworks, the patient is central, and the 
aim is to achieve high value at low cost 1-6. After all, is there value in a technically perfect 
surgical procedure, with no complications and excellent objective outcomes afterwards, if 
the patient is not satisfied with the treatment results? Although recognized as an important 
outcome domain 7, the interpretation of satisfaction with treatment results is difficult, and 
there are doubts about the face validity of questionnaires to measure satisfaction with 
treatment results 8. However, the Satisfaction with Treatment Result Questionnaire has a 
good-to-excellent construct validity and a very high test-retest reliability 9, and we believe 
it is reasonable to use it in a study exploring this topic. 

Several studies have investigated factors associated with satisfaction with treatment 
results 10-30. Marks et al. 10 found associations between satisfaction and pain and symptoms, 
activities of daily living or function, aesthetics, embodiment, strength, ROM, fulfillment 
of expectations, deformity, workers compensation, and length of follow-up. Additionally, 
strong associations have been found between satisfaction and better patient-reported 
experience measures (PREMs), such as the provision of general and treatment information, 
and with physician communication and shared decision-making 11-16. Furthermore, the 
relationship with the surgeon, particularly perceived empathy, is a driver of satisfaction 
with treatment results 17-20. Associations with several measures of mental health have also 
been found. For instance, higher preoperative pain catastrophizing is associated with 
lower satisfaction after hand surgery 21,22, and more symptoms of depression are associated 
with greater dissatisfaction after carpal tunnel release 23. There is no consensus on the 
association between treatment expectations and satisfaction with treatment results; several 
authors suggested that higher expectations may lead to lower satisfaction 24-26, whereas other 
studies found a reverse association 13,27-30. 

Although the aforementioned studies investigated factors associated with patient satisfaction 
with treatment results, most studies used relatively small samples or used a univariable 
approach instead of a multivariable approach. Therefore, the independent association of 
baseline sociodemographics, quality of life, improvement in pain and function, experiences 
with healthcare delivery, and baseline measures of mental health with satisfaction with 
treatment results is still unclear. More knowledge on independent factors that are associated 
with satisfaction with treatment results may help clinicians to directly improve satisfaction 
with treatment results, as well as inform future studies aiming to develop interventions 
that improve satisfaction with treatment results. 

Therefore, we asked: (1) What factors are independently associated with satisfaction with 
treatment results at 3 months post-treatment in patients treated for common hand and wrist 
conditions? (2) What factors are independently associated with the willingness to undergo 
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the treatment again at 3 months post-treatment in patients treated for common hand and 
wrist conditions? Among the studied factors were baseline sociodemographics, quality of 
life, improvement in pain and function, experiences with healthcare delivery, and baseline 
measures of mental health. 

PATIENTS AND METHODS 

Study Design 
This was a cohort study using a longitudinally maintained, population-based sample of 
patients with hand and wrist conditions from the Hand Wrist Study Group cohort, reported 
following the Strengthening the Reporting of Observational Studies in Epidemiology 
guidelines 31. 

Setting 
Data collection using GemsTracker electronic data capture tools (GemsTracker 2020) 
was part of usual care and occurred between August 2018 and May 2020 at Xpert Clinics. 
The start date of the current PREM determined the start date of the study. All data were 
digitally collected using GemsTracker, a secure internet-based application for distributing 
questionnaires and forms during clinical research and quality registrations. Xpert Clinics 
comprises 28 clinics for hand surgery and therapy in The Netherlands. Twenty-three 
surgeons who have been certified by the Federation of European Societies for Surgery of 
the Hand and more than 150 hand therapists are employed at our treatment centers. At Xpert 
Clinics, treatment outcomes are evaluated in measurement tracks, each of which consists 
of treatments with similar relevant outcome domains and timepoints. After a diagnosis is 
registered during the first consultation, a measurement track is automatically activated, 
and patient-reported outcome measure forms are emailed to the patient. Details of this 
procedure have been published 32. 

Participants 
Participants were eligible for inclusion if they were adults who completed all relevant 
questionnaires. We included patients who underwent one of the following common 
treatments: trigger finger release (23% [423 of 1824]), limited fasciectomy (17% [307 of 
1824]), trapeziectomy with or without ligament reconstruction tendon interposition for 
thumb base osteoarthritis (12% [213 of 1824]), carpal tunnel release (29% [521 of 1824]), 
hand therapy for midcarpal laxity (2% [35 of 1824]), and hand therapy for thumb base 
osteoarthritis (18% [325 of 1824]) (Table 1). Because the aim of this study was to investigate 
which factors explain satisfaction with treatment results in a general population of patients 
treated for hand and wrist disorders, we selected the largest pathology of each of the six 
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largest measurement tracks from our cohort 32. Patients who underwent operative treatment 
were assessed at 3 months postoperatively, and patients who underwent nonoperative 
treatment were assessed 3 months after treatment was initiated.

We screened 5859 patients with complete sociodemographics and data at baseline. Thirty-
eight percent (2248 of 5859) of patients had complete data at 3 months. Finally, participants 
were eligible for inclusion if they provided a relevant answer to the three PREM items. 
A total of 424 patients did not do this because they answered “I don’t know” or “not 
applicable” to a PREM item, leaving 31% (1824 of 5859) for inclusion in the final sample 
(Fig. 1). There were no additional exclusion criteria. 

To assess potential selection bias, we compared responder and nonresponder demographics 
and measures of mental health, using the standardized mean difference as an indication of 
imbalance 33. Nonresponders were defined as patients who did not complete questionnaires 
at 3 months or did not provide a relevant answer to a PREM item. Responders were 
defined as patients who completed all relevant questionnaires at baseline and at 3 months. 
Responders and nonresponders both received treatment and remained in care. Besides 
difference in treatment type (Standardized Mean Difference 0.26), all standardized mean 
difference values were < 0.2, indicating that the magnitude of the standardized mean 
difference was even smaller than that defined as small by Cohen 34 (Supplementary Table 
1; supplemental materials are available with the online version of CORR®). Additionally, 
we conducted a Little test (p = 0.27), which supported the idea that nonresponders could 
be considered missing at random 35-37.

Variables and Measurements 
The primary outcomes in this study were the two questions of the Satisfaction with 
Treatment Result Questionnaire at 3 months after the start of treatment. The first question 
evaluates patients’ satisfaction with treatment results on a 5-point Likert scale (answering 
options: poor, moderate, fair, good, and excellent). In the second question, patients indicated 
whether they would undergo the same procedure again under similar circumstances (yes or 
no). The Satisfaction with Treatment Result Questionnaire has a good-to-excellent construct 
validity and very high test-retest validity 9.

We classified variables we investigated as potentially associated with satisfaction into four 
categories: sociodemographic, clinical patient-reported outcome measures, measures of 
mental health, and PREMs. 

Sociodemographic characteristics included sex (we report sex, not gender, as our data 
comes from the Dutch Citizen Service Administration, so we did not want to make any 
unsupported assumptions on gender), age, occupational status (unemployed or light, 
medium, or heavy physical labor), whether the patient visited the clinic for a second opinion, 
self-reported duration of symptoms (in months), whether the dominant hand was treated, 
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and whether the disease was recurrent (measured by the question: “Have been treated for 
the same disease before?”; the answer yes would be coded as recurrent). 

Clinical patient-reported outcome measures included the change in patient-reported 
outcome measures for pain and hand function between baseline and 3 months, and health-
related quality of life at 3 months. We used a VAS score (range 0 to 100) to measure pain 
during physical load (higher scores indicate more pain) and hand function (higher scores 
indicate better function). The VAS is a validated and widely used tool for measuring these 
constructs 38. Although we also used more disease-specific questionnaires in our cohort 
(such as the Boston Carpal Tunnel Questionnaire, Patient-Rated Wrist/Hand Evaluation, 
and Michigan Hand outcomes Questionnaire), these differed among the treatments in our 
study sample and therefore are less well-suited to use for the current research question 
aiming at all patients with the most common hand and wrist conditions. 

We measured health-related quality of life using the VAS of the EuroQol-5 Dimensions 
self-rated health questionnaire as an indication of the overall perceived health status (range 
0 to 100; higher scores indicate better perceived health) 39. 

To measure the patients’ experience with healthcare delivery (which is different from 
satisfaction with treatment results 40), we used the PREM questionnaire, based on the 
Consumer Quality Index, which is widely used in private practice clinics in the Netherlands 
41. The 11 items evaluate the patients’ experience with healthcare delivery using a 
5-point Likert scale (with answers ranging from no, not at all to yes, completely). Of this 
questionnaire, we only included three items because in the other items, ceiling effects 
were present that did not allow us to run our models. These items were experience with 
the explanation about the pros and cons of the treatment, experience with shared decision-
making, and experience with the advice for at home.

Measures of mental health included anxiety and depression, pain catastrophizing, illness 
perceptions, and expectations. Anxiety and depression were measured with the Patient 
Health Questionnaire-4 (higher scores indicate more anxiety and depression) and pain 
catastrophizing was measured with the Pain Catastrophizing Scale (higher scores indicate 
a higher amount of catastrophizing). Illness perception was measured with the Brief Illness 
Perception Questionnaire 42,43. The Brief Illness Perception Questionnaire measures how 
patients perceive their illness across eight domains (consequences, timeline, personal 
control, treatment control, identity, concern, coherence, and emotional response). Each 
domain is assessed with a single question (higher scores indicate more negative illness 
perceptions except for personal control, treatment control, and coherence) 44. We excluded 
the domain of treatment control (“How much do you think your treatment can help your 
illness?”) from our analyses because we considered that item to have a strong conceptual 
overlap with the expectancy subscale of the Credibility/Expectancy questionnaire. 
Treatment outcome expectations were measured with the Credibility/Expectancy 
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questionnaire 45. The credibility subscale consists of three items measuring the credibility 
that the patient attributes to the treatment. A higher score reflects a higher attribution of 
credibility to a treatment. The expectancy subscale consists of three items measuring the 
expected magnitude of improvement because of the prescribed treatment. A higher score 
reflects a more positive treatment outcome expectation. 

Ethical Approval 
We obtained ethical approval for this study from Erasmus MC, Rotterdam, the Netherlands 
(MEC-2018-1088). Written informed consent was obtained from all patients. 

Statistical Methods and Study Size 
We dichotomized our outcome of satisfaction with treatment results into poor, moderate 
and fair as less satisfied, and good and excellent as more satisfied. After dichotomization, 
57% (1042 of 1824) of participants were classified as more satisfied with the treatment 
results (19% [349 of 1824] answered excellent and 38% [693 of 1824] answered good), 
and 43%  (782 of 1824) of patients were classified as less satisfied with the treatment 
results (26% [472 of 1824] reported their satisfaction was fair, 13% [231 of 1824] reported 
that it was moderate, and 4% [79 of 1824] reported that it was poor) (Fig. 2). This is 
comparable with other findings in our population 27,46-49. Similarly, to further account for 
ceiling effects, we dichotomized the PREM items into negative experience (answering 
options: no, not at all, a little bit, partly, and mostly) and positive experience (answering 
option: yes, completely). The items used in the final analysis were: “Did you decide together 
with the care providers which care or treatment you will receive?” (hereinafter referred to 
as shared decision-making), “Have you been explained the pros and cons of the treatment 
or surgery?” (henceforth referred to as pros and cons), and “Were you advised by the 
healthcare providers on how to deal with your illness or complaints in your home situation?” 
(hereafter referred to as advice).

Because this study evaluated a diverse population of patients with common hand and 
wrist conditions, we adjusted for the type of treatment in the analyses. By adjusting for 
treatment in our analysis, we accounted for a potential influence of treatment on satisfaction 
with treatment results. To test the association of specific patient characteristics with 
satisfaction, we performed a hierarchical logistic regression analysis. In this hierarchical 
regression analysis, a set of variables is entered in a specific sequence to illustrate the 
added amount of explained variance of each set. In the first model, sociodemographic 
patient characteristics were entered, including age, sex, symptom duration, treatment side, 
dominance, type of work, and second-opinion visit. In the second step, we added clinical 
patient-reported outcome measures, including the EuroQol-5 Dimensions VAS self-rated 
health at 3 months, the change in VAS pain score during physical load, and VAS function 
score between baseline and 3 months. In the third step, we added the three items of the 
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PREM: shared decision-making, pros and cons, and advice. In the fourth step, we added 
measures of mental health, including the Brief Illness Perception Questionnaire items of 
consequences, timeline, personal control, identity, concern, coherence, emotional response, 
Patient Health Questionnaire anxiety and depression subscales, Pain Catastrophizing Scale, 
and Credibility/Expectancy Questionnaire subscales. An advantage of a hierarchical 
multivariable model is that by entering the next set of variables, certain variables might 
be pushed out of significance because variables may have shared variance. Therefore, in 
the most definitive multivariable model, only the variables that truly explain variance in 
the dependent variable remain. To account for potential strong correlations and multiple 
variables measuring the same construct, we evaluated multicollinearity using a correlation 
matrix (Supplementary Table 2; supplemental materials are available with the online version 
of CORR®) and variance inflation factor (Supplementary Table 3; supplemental materials 
are available with the online version of CORR®). A correlation coefficient of the Spearman 
rho greater than 0.7 was considered a strong correlation. A variance inflation factor greater 
than 3 was considered an indication of multicollinearity 50. Based on the variance inflation 
factor (the highest variance inflation factor = 2.2) and the correlation matrix (highest 
Spearman rho = 6.8, which is only a moderate correlation), we did not find any indication 
for multicollinearity in the hierarchical logistic regression model. To illustrate the goodness 
of fit of the different models, we determined the area under the curve, the Nagelkerke r2, 
and the receiver operating characteristic curves for each model.

With 1824 patients, 33 variables, an alpha of 0.05, and a conventional small effect 
size f2 of 0.02, this study had a power of 95%. We additionally computed univariable 
associations between all variables. In addition to odds ratios, we reported standardized 
ORs by converting them to the same scale 51. The nonstandardized odds ratios in our most 
definitive model indicate that with every unit increase in either a continuous, dichotomous, 
or categorical independent variable, the odds of being satisfied with the treatment results 
or being willing to undergo the treatment again increase or decrease by the value of the 
nonstandardized OR. Standardized ORs were converted to the same scale, which made 
it easier to make between-variable comparisons and determine the relative association of 
each explanatory variable.

All analyses were performed using R Statistical Programming, version 3.3.4 (R Project for 
Statistical Computing). For all tests, a p value < 0.05 was considered statistically significant. 

RESULTS 

Satisfaction with Treatment Results 
In our most definitive model, we found an area under the curve of 0.82 (Table 2), indicating 
an excellent ability to distinguish more satisfied from less satisfied patients 52. Satisfaction 
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with the treatment results was associated with the following variables (arranged from the 
largest to the smallest standardized OR): greater decrease in pain during physical load (SOR 
2.52 [95% CI 2.18 to 2.92]; p < 0.001), patient’s positive experience with the explanation of 
the pros and cons of the treatment (determined with the question: “Have you been explained 
the pros and cons of the treatment or surgery?”) (SOR 1.83 [95% CI 1.41 to 2.38]; p < 0.001), 
greater improvement in hand function (SOR 1.76 [95% CI 1.54 to 2.01]; p < 0.001), patients’ 
positive experience with the advice for at home (determined with the question: “Were you 
advised by the healthcare providers on how to deal with your illness or complaints in your 
home situation?”) (SOR 1.57 [95% CI 1.21 to 2.04]; p < 0.001), patient’s better personal 
control (determined with the question: “How much control do you feel you have over your 
illness?”) (SOR 1.24 [95% CI 1.10 to 1.40]; p < 0.001), patient’s more positive treatment 
expectations (SOR 1.23 [95% CI 1.04 to 1.46]; p = 0.02), longer expected illness duration 
by the patient (SOR 1.20 [95% CI 1.04 to 1.37]; p = 0.01), a smaller number of symptoms 
the patient saw as part of the illness (SOR 0.84 [95% CI 0.72 to 0.97]; p = 0.02), and less 
concern about the illness the patient experiences (SOR 0.84 [95% CI 0.72 to 0.99]; p = 0.04) 
(Fig. 3). When analyzing the separate steps of the different models, sociodemographics 
alone provided an area under the curve (AUC) of 0.60 (95% CI 0.57 to 0.62) for the level 
of satisfaction with treatment results. When adding clinical characteristics, the AUC was 
0.79 (95% CI 0.77 to 0.81). This further increased to 0.81 (95% CI 0.79 to 0.81) when 
adding PREMs, and finally, the AUC increased to 0.82 (95% CI 0.80 to 0.84) for the level 
of satisfaction with treatment results (Fig. 4). 

Analyzing differences in variables between the different steps of the model for satisfaction 
with treatment results, we found that there were two differences (Supplementary Table 4; 
supplemental materials are available with the online version of CORR®). First, in Model 
1, recurrence (determined with the question: “Have you been treated for the same disease 
before?”) was associated with a smaller probability of being satisfied with the treatment 
results (standardized OR 0.70 [95% CI 0.50 to 1.00]), but after adding the clinical patient-
reported outcome measures in Model 2, there was no association. This implies that a 
different change in patient-reported outcome measure score has a shared variance with 
recurrence and pushes recurrence out of significance. This means that a different change 
in patient-reported outcome measure score is the stronger variable. Second, a higher 
EuroQol-5 Dimensions self-rated health score was associated with a larger probability 
of being satisfied with the treatment results in Model 2 (standardized OR 1.32 [95% CI 
1.18 to 1.48) and Model 3 (standardized OR 1.29 [95% CI 1.15 to 1.45]). However, after 
adding measures of mental health and treatment expectations in Model 4, we found that 
the EuroQol-5 Dimensions self-rated health score was no longer associated, and several 
illness perception items and more positive expectations became associated with being 
satisfied with the treatment results. This finding suggests that EuroQol-5 Dimensions 
self-rated health has shared variance with specific measures of mental health, such as 
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illness perception. This means that the mental health measures are the stronger variables 
(Supplementary Table 5; supplemental materials are available with the online version of 
CORR®). 

Willingness to Undergo the Treatment Again 
In our most definitive model, we found an area under the curve of 0.81 (Table 3), indicating 
an excellent ability to distinguish patients that would be willing to undergo the treatment 
again from patients that would not 52. Being willing to undergo the treatment again 
was associated with the following variables (arranged from the largest to the smallest 
standardized OR): patient’s positive experience with the information about the pros and 
cons (determined with the question: “Have you been explained the pros and cons of the 
treatment or surgery?”) (SOR 2.05 [95% CI 1.50 to 2.8]; p < 0.001), greater improvement in 
hand function (SOR 1.80 [95% CI 1.54 to 2.11]; p < 0.001), greater decrease in pain during 
physical load (SOR 1.74 [95% CI 1.48 to 2.07]; p < 0.001), patient’s positive experience with 
the advice for at home (determined with the question: “Were you advised by the healthcare 
providers on how to deal with your illness or complaints in your home situation?”) (SOR 
1.52 [95% CI 1.11 to 2.07]; p = 0.01), patient’s positive experience with shared decision-
making (determined with the question: “Did you decide together with the care providers 
which care or treatment you will receive?”) (SOR 1.45 [95% CI 1.06 to 1.99]; p = 0.02), 
higher credibility the patient attributes to the treatment (SOR 1.44 [95% CI 1.20 to 1.73]; p 
< 0.001), longer symptom duration (SOR 1.27 [95% CI 1.09 to 1.52];  p < 0.01), and patient’s 
better understanding of the condition (SOR 1.17 [95% CI 1.01 to 1.34]; p = 0.03) (Fig. 5).  

For the willingness to undergo treatment again, sociodemographics alone provided an AUC 
of 0.58 (95% CI 0.55 to 0.62). When adding clinical characteristics, the AUC was 0.75 (95% 
CI 0.72 to 0.78). This further increased to 0.79 (95% CI 0.77 to 0.82) when adding PREMs, 
and finally, the AUC was 0.81 (95% CI 0.78 to 0.83) for the willingness to undergo treatment 
again after adding measures of mental health (Fig. 6). 

DISCUSSION 

In the framework of patient-centered and value-based healthcare, satisfaction with 
treatment results is an important outcome domain. Before our study, it was unclear which 
factors were independently associated with satisfaction with treatment results and with a 
willingness to undergo the treatment again. We found a high explained variance in our 
models. The following variables were independently associated with satisfaction in either 
or both models: greater decrease in pain during physical load, patient’s positive experience 
with the explanation of the pros and cons of the treatment, positive experience with the 
advice for at home (determined with the question: “Were you advised by the healthcare 
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providers on how to deal with your illness or complaints in your home situation?”), patient’s 
positive experience with shared decision-making, higher credibility the patients attributes 
to the treatment, longer symptom duration, better personal control (determined with the 
question: “How much control do you feel you have over your illness”), patient’s more 
positive treatment expectations, longer expected illness duration by the patient, patient’s 
better understanding of the condition, a smaller number of symptoms the patient sees as 
part of the illness, and less concern about the illness the patient experiences. Many of these 
variables may be guided and can be used directly in daily clinic or in studies that develop 
interventions to improve satisfaction with treatment results. 

Limitations 
Whereas an advantage of our observational study design is its representation of daily 
practice, a limitation of the observational design is that a substantial proportion of patients 
did not respond. However, the nonresponder analysis did not show substantial differences, 
and the Little test strongly suggests that the data were missing at random. Therefore, we are 
confident that the high percentage of nonresponders did not influence our results. 

A second limitation is the follow-up time in our study. We chose this timepoint because 
follow-up measurements for the PREM were only obtained at 3 months. As a result, the 
more extensive surgical treatments may not have reached their endpoint yet, and evaluating 
satisfaction with treatment results may be too soon at this timepoint. However, theoretically, 
this should not influence factors explaining variance in satisfaction with treatment results. 
In fact, there might be more variation in satisfaction with treatment results at 3 months, 
which may yield better results. Nevertheless, future studies might investigate different 
timepoints. 

Another limitation is the variety of treatment types in our study. Combining different 
treatment types may have led to dilution of the results because certain variables might 
interact with the treatment type. However, we aimed to investigate which factors explain 
satisfaction with treatment results in a general population of patients treated for hand and 
wrist disorders. Therefore, we selected the most commonly used treatment type in each 
of the six largest measurement tracks from our cohort and adjusted for the treatment type 
in our models. By adjusting for the treatment type in our analysis, a potential influence of 
treatment type on satisfaction with treatment results is accounted for, and the remaining 
significant variables are independent of treatment type in the final hierarchical model. 
Therefore, these remaining variables can be generalized to a broader population of patients 
with hand and wrist conditions. The standardized mean difference between the treatment 
types was small. This further strengthens the generalizability of our study findings, perhaps 
even to patients with other musculoskeletal conditions such as hip osteoarthritis. However, 
future studies should validate our findings in other populations. 
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Additionally, because satisfaction with treatment results is a multidimensional construct, 
there are still doubts about the validity of instruments measuring this domain 8,53. Although 
the Satisfaction with Treatment Result Questionnaire has a good-to-excellent construct 
validity and a very high test-retest reliability, future studies should further investigate its 
face validity.  

Finally, we found a very high proportion of the finding explained by the variables in our 
model. An explanation for the little unexplained variance may be that we did not include all 
relevant variables in our models, such as additional aspects of experiences with healthcare 
delivery, coping strategies, goal attainment, the occurrence of complications, personal 
injury lawsuits, social health, or the specific course of rehabilitation. Additionally, our 
dichotomization may be a reason for unexplained variance, although this also has added 
value because our model thereby distinguishes between more satisfied and less satisfied 
patients. Moreover, although the Brief Illness Perception Questionnaire and Patient Health 
Questionnaire are valid tools, they might be interpreted differently by individuals, and they 
function as screening tools and lack the conceptual depth of more extensive questionnaires. 
Because satisfaction with treatment results is a complex domain, using more comprehensive 
measures of mental health may yield an even larger proportion of explained variance. Future 
studies might include these variables when investigating satisfaction with treatment results. 

Discussion of Key Findings 
Interestingly, all three included PREM items (positive experience with the explanation 
of the pros and cons; advice for how to deal with the complaints at home; and shared 
decision making) were associated with one or both of the Satisfaction with Treatment Result 
Questionnaire questions (which were: Are you satisfied with the treatment result so far? 
And, would you be willing to undergo the treatment again under similar circumstances?). 
These findings confirm that the patients’ experience with healthcare delivery is associated 
with their satisfaction with the result. Based on these findings, healthcare providers may 
try to improve the experience with healthcare delivery, that is, by always explaining the 
pros and cons of a treatment and by providing adequate advice on how to deal with the 
complaints at home (such as by sending e-mails with treatment-specific information and 
educational movies). Also, healthcare providers may strive for better shared-decision 
making. Future research should inform if this will indeed improve satisfaction with 
treatment results. 

In contrast to previous studies 8,20,23,53,54, depression was not associated with satisfaction in 
our most-definitive model. However, we did find a univariable association. This suggests 
that depression has a shared variance with other variables in our models; for example, 
other mental health items, such as the Illness Perception Questionnaire item of emotional 
response. Similarly, we did not find an association with pain catastrophizing, while 
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other studies did 20-22,55. No other study on this topic that we know of has investigated the 
association of depression or pain catastrophizing in combination with illness perception, 
which may explain why our findings are different from those reported by others.

Another interesting finding here was that a higher score on the Credibility/Expectancy 
Questionnaire expectancy subscale (the more positive expectations a patient has of a 
treatment) was associated with better satisfaction with treatment results. This is especially 
noteworthy because several studies have suggested that clinicians ought to try to work 
to temper patients’ expectations 24-26,56, and many surgeons believe that it is important 
to help patients to cultivate reasonable expectations before surgery. By contrast, several 
other studies have suggested that boosting expectations is associated with better outcomes 
13,27-30,57. Our findings support the latter suggestion. Related to this, the credibility subscale 
(the extent to which a patient attributes credibility to a treatment) was associated with the 
patient’s willingness to undergo the treatment again. To our knowledge, no other studies 
have investigated factors explaining this willingness to undergo treatment again, but it 
seems sensible that someone who does not find a treatment credible may be less willing to 
undergo that treatment again. Hence, it might be helpful to investigate possible interventions 
to boost expectations and improve the credibility of specific treatments.

A possible intervention to influence the experience with healthcare delivery, expectations, 
and illness perception may, for example, be the creation of a decision-support tool to 
specifically investigate the patients’ needs for the clinician to respond accordingly. Further, 
future studies should investigate whether satisfaction with treatment results can be predicted 
(instead of explained, such as in this study), so that a prediction model could be used as 
a decision tool and to show what outcomes the patient may expect. Another option is to 
provide more personalized information relevant to the patient, such as emailing treatment-
specific pros and cons. Additionally, to influence illness perception, future studies might 
investigate the effect of discussing illness perceptions and expectations during the first 
consultation. However, these suggestions are all hypothetical and future research should 
investigate their added value. 

CONCLUSIONS 

We identified several influenceable factors independently associated with satisfaction with 
treatment results. To directly improve satisfaction with treatment results, clinicians might 
seek to: (1) improve the patient’s experience with healthcare delivery, (2) try to influence 
illness perception, and (3) boost treatment expectations and credibility. However, these 
recommendations are all hypothetical, and future research should investigate their added 
value. Moreover, future studies should investigate whether satisfaction with treatment 
results can be predicted (instead of explained, as was done in this study), so that a prediction 
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model could be used as a decision-support tool that may inform shared-decision making 
and expectation management. Also, decision-support tools that investigate patient-specific 
needs may positively influence experience with healthcare delivery, expectations, and 
illness perception, which in turn may improve satisfaction with treatment results. 
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Figure 1. This flowchart illustrates the patient selection for this study.
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Figure 2. This graph shows the distribution of satisfaction with treatment results at 3 months, before and 
after dichotomization. Light grey indicates patients who are less satisfied; dark grey indicates those who 
are more satisfied.
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Figure 3. This figure shows the standardized ORs of the associated variables for patient satisfaction with 
treatment results. Positive associations are shown in dark grey; negative associations are shown in light grey; 
PREM = patient-reported experience measures; CEQ = Credibility/Expectancy Questionnaire; B-IPQ = Brief 
Illness Perception Questionnaire.
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Figure 4. This graph shows the area under the receiver operating characteristic curve for all models explaining 
the level of satisfaction with treatment results, using the 5-point Likert scale (question 1). The dashed line 
indicates a discriminative ability of 0.50. Model 1, including sociodemographics, had an AUC of 0.60, and 
Model 2, after adding clinical patient-reported outcome measures, had an AUC of 0.79. Model 3, after adding 
PREMs, had an AUC of 0.81, and after adding measures of mental health, the most definitive model had an 
AUC of 0.82.
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Figure 5. This figure shows standardized ORs of the associated variables for the patient’s willingness to 
undergo the treatment again; PREM = patient-reported experience measures; CEQ = Credibility/Expectancy 
Questionnaire; B-IPQ = Brief Illness Perception Questionnaire.
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Figure 6. This graph shows the area under the receiver operating characteristic curve for all models explaining 
the patient’s willingness to undergo the treatment again (yes or no; question 2). The dashed line indicates a 
discriminative ability of 0.50. Model 1, including sociodemographics, had an AUC of 0.58, and after adding 
clinical patient-reported outcome measures, Model 2 had an AUC of 0.75. After adding PREMs, Model 3 
had an AUC of 0.79. After adding measures of mental health, the most definitive model had an AUC of 0.81.
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Table 1. Characteristics at baseline of all included patients (n = 1824)

Value

Age in years 59 ± 11

Sex (Male) 39 (704)

Second opinion 2 (42)

Recurrence (Yes) 8 (146)

Hand dominance

 Right 88 (1607)

 Left 8 (153) 

 Both 4 (64)

Dominant hand treated 49 (902)

Symptom duration in months median (interquartile range) 12 (6-24)

Workload

 Not employed 40 (734) 

 Light 27 (492) 

 Moderate 23 (427) 

 Severe 9 (171) 

BMI in kg/m2 27 ± 5 

Smoking (No) 86 (1571)

Data presented as mean ± SD or % (n), unless otherwise noted. 
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TREATMENT INVASIVENESS AND 

ILLNESS PERCEPTIONS ARE STRONGLY 
ASSOCIATED WITH OUTCOME 

EXPECTATIONS IN PATIENTS TREATED FOR 
HAND OR WRIST CONDITIONS: A CROSS-

SECTIONAL STUDY 
de Ridder, W. A., Hoogendam, L., Zeroual, F., Slijper, H. P., Wouters, R. M., Vermeulen, 
G. M., Selles, R. W., van der Oest, M. J. W., The Hand-Wrist Study Group (2023). Clinical 

orthopaedics and related research, 481(5), 994–1005. 
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ABSTRACT 

Background 
Multiple studies have shown that more-positive outcome expectations are associated 
with better treatment outcomes. Although this has not been shown to represent a causal 
relationship, there nonetheless is an interest in positively modifying outcome expectations 
to improve treatment outcomes. However, little is known about what is independently 
associated with outcome expectations in clinical practice. For example, it is unknown 
to what extent expectations are associated with contextual factors such as treatment or 
patient characteristics such as sociodemographics, or patient-reported outcome measures 
(PROMs) on patient perceptions of physical or mental health or illness. Studying factors 
associated with outcome expectations may provide relevant information for clinicians and 
researchers aiming to improve outcome expectations. Improving expectations might, in 
turn, improve treatment outcomes. 

Question/purpose 
Which factors (that is, sociodemographics, PROMs, illness perceptions, treatment, surgeon, 
and location) are independently associated with outcome expectations in patients with hand 
or wrist conditions? 

Methods 
This was a cross-sectional study. Between July 2018 and December 2021, we screened 21,327 
patients with a diagnosed hand or wrist condition with complete baseline sociodemographic 
data such as age and workload. Sixty percent (12,765 of 21,327) of patients completed all 
relevant PROMs. We excluded patients receiving rare treatments, leaving 58% (12,345 of 
21,327) for inclusion in the final sample. Those who participated were more often scheduled 
for surgical treatment and had higher expectations. We performed a multilevel analysis 
involving two steps. First, we evaluated whether patients receiving the same treatment, 
being counseled by the same surgeon, or being treated at the same location have more 
similar outcome expectations. We found that only patients receiving the same treatment 
had more similar outcome expectations. Therefore, we used a multilevel regression model 
to account for this correlation within treatments, and added treatment characteristics (such 
as nonsurgical versus minor or major surgery, which explained the effectiveness of each 
treatment) to potential explanatory factors. Second, in the multilevel hierarchical regression 
analysis, we added sociodemographics (Model 1), PROMs for physical and mental health 
(Model 2), illness perceptions (Model 3), and treatment characteristics (most-definitive 
model) to assess the explained variance in outcome expectations per step and the relative 
association with outcome expectations. 
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Results 
Sociodemographic factors such as age and workload explained 1% of the variance in 
outcome expectations. An additional 2% was explained by baseline PROMs for physical and 
mental health, 9% by illness perceptions, and 18% by treatment characteristics, resulting in 
an explained variance of 29% of the most-definitive model. A large number of patient and 
treatment characteristics were associated with outcome expectations. We used standardized 
betas to compare the magnitude of the effect of the different continuous and categorical 
variables. Among the associated variables, minor surgery (standardized beta [β] = 0.56 
[95% confidence interval 0.44 to 0.68]; p < 0.001) and major surgery (β = 0.61 [95% CI 
0.49 to 0.73]; p < 0.001) had the strongest positive association with outcome expectations 
(receiving surgery is associated with higher outcome expectations than nonsurgical 
treatment). A longer illness duration expected by the patient (-0.23 [95% CI -0.24 to -0.21]; 
p < 0.001) and being treated for the same condition as before (-0.08 [95% CI -0.14 to -0.03]; 
p = 0.003) had the strongest negative association with outcome expectations. 

Conclusions 
Outcome expectations are mainly associated with the invasiveness of the treatment and 
by patients’ illness perceptions; patients before surgical treatment have more positive 
expectations of the treatment outcome than patients before nonsurgical treatment, even after 
accounting for differences in clinical and psychosocial profiles. In addition, patients with a 
more-positive perception of their illness had more-positive expectations of their treatment. 
Our findings suggest expectation management should be tailored to the specific treatment 
(such as surgical versus nonsurgical) and the specific patient (including their perception 
of their illness). It may be more beneficial to test and implement expectation management 
strategies for nonsurgical treatments such as physical therapy than for surgical treatments, 
given that our findings indicate a greater need to do so. An additional advantage of such a 
strategy is that successful interventions may prevent converting to surgical interventions, 
which is a goal of the stepped-care principles of standard care. Future studies might 
investigate the causality of the association between pretreatment expectations and outcomes 
by performing an experimental study such as a randomized controlled trial, in which 
boosting expectations is compared with usual care in nonsurgical and surgical groups. 
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INTRODUCTION 

Patients have expectations at the beginning of their treatments regarding potential outcomes. 
Several studies have shown these expectations play an important role in treatment outcomes 
1-4. Although some studies suggested expectations of medical treatments are already too 
high and should be tempered by the clinician to cultivate realistic expectations for the 
patient 5-8, several meta-analyses have found that patients with more-positive pretreatment 
expectations achieve better outcomes 1-4. Additionally, in patients treated for hand or wrist 
conditions, more-positive expectations have been reported to be associated with better 
outcomes 9-11. In addition, positive expectations of the treatment outcomes are considered a 
key mechanism of placebo effects 12,13. The placebo effect, or contextual nonspecific effect, 
is a psychobiological effect that is attributed to the overall therapeutic context 14,15. This 
context can consist of patient-specific and clinician-specific factors, and the interaction of 
patient, clinician, treatment location, and treatment factors 16. Clinical trials have shown 
considerable improvement in patients in placebo groups compared with an active or no 
treatment group 17,18. Although positive expectations increase the contextual, nonspecific 
effects of a treatment, expectations may vary across patients and may depend on the type 
of treatment the patient is about to undergo. For example, previous studies showed that 
patients with hand or wrist disorders scheduled for surgery have higher expectations than 
similar patients scheduled for nonsurgical treatment 19,20. 

Rationale 
Using the contextual effects of a treatment may improve healthcare. Because the contextual 
nonspecific effect is believed to work through positive expectations of the outcome of a 
treatment, boosting expectations might be an important part of delivering high-quality 
care. However, little is known about factors independently associated with patient outcome 
expectations in clinical practice. Knowing the independent factors associated with outcome 
expectations may help clinicians to improve expectations. Improving expectations might, 
in turn, improve treatment outcomes. Moreover, it may inform future studies in the 
development of interventions that boost expectations. 

Therefore, we asked: Which factors (such as, sociodemographics, patient-reported outcome 
measures [PROMs], illness perceptions, treatment, surgeon, and location) are independently 
associated with outcome expectations in patients with hand or wrist conditions? 
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PATIENTS AND METHODS 

Study Design 
This was a cross-sectional study using a population-based sample of patients with hand or 
wrist conditions treated at our institution, and was reported following the STrengthening 
the Reporting of Observational studies in Epidemiology statement 21. 

Setting 
Data collection was part of usual care and occurred between July 2018 and December 
2021 at Xpert Clinics. Xpert Clinics currently comprises 25 clinics for hand surgery and 
hand therapy in the Netherlands. Twenty-three surgeons are certified by the Federation 
of European Societies for Surgery of the Hand, and more than 150 hand therapists are 
employed at our treatment centers. Xpert Clinics offers insured care for hand and wrist 
conditions with no access restrictions because it is covered by public health insurance. 
At Xpert Clinics, outcomes are routinely evaluated 22. After a diagnosis is registered during 
the first consultation, a measurement track is activated, and PROM forms are emailed to 
the patient. All data are digitally collected using GemsTracker electronic data capture 
tools (GemsTracker 2020, Erasmus MC and Equipe Zorgbedrijven), a secure internet-based 
application for distributing questionnaires and forms during clinical research and quality 
registrations. More details of the procedure at Xpert Clinics have been published 22. 

Participants 
Participants were eligible for inclusion if they were adults treated for a hand or wrist 
condition during the study period. We included patients from all measurement tracks, but 
excluded rare treatments with fewer than 20 patients for generalizability. Treatments can 
be divided into nonsurgical treatments (such as orthotics, exercise therapy, or injections), 
minor surgery (including trigger finger release or De Quervain release), and major surgery 
(such as trapeziectomy with or without ligament reconstruction tendon interposition for 
osteoarthritis of the thumb base, or corrective osteotomy for radius malunions). Additionally, 
we excluded patients who did not complete all relevant questionnaires. The number of 
patients treated during the study period determined the sample size. 

We screened 21,327 patients with complete baseline sociodemographic data such as age 
and workload. Sixty percent (12,765 of 21,327) of patients completed all relevant PROMs. 
Finally, we excluded patients receiving rare treatments, leaving 58% (12,345 of 21,327) 
for inclusion in the final sample (Fig. 1). To assess potential selection bias, we performed 
two nonresponder analyses. For this, we used the standardized mean difference as a 
measure of imbalance (standardized mean difference > 0.2 is considered to be imbalanced 
23). First, we compared the sociodemographic characteristics of patients who completed the 
Credibility/Expectancy Questionnaire (CEQ) (defined as responders) with patients who did 
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not (defined as nonresponders). Second, we compared sociodemographic characteristics and 
the CEQ expectancy score of patients who additionally completed the other questionnaires 
of interest (responders) with patients who did not (nonresponders). In the first analysis, 
we found a small difference between responders and nonresponders (standardized mean 
difference = 0.43) (Supplemental Table 1; supplemental materials are available with the 
online version of CORR®). In the second analysis, we found a small difference in treatment 
group (standardized mean difference = 0.28) and CEQ expectancy score (standardized mean 
difference = 0.21) (Supplemental Table 2; supplemental materials are available with the 
online version of CORR®). Those who participated were more likely to be in the surgical 
treatment group and to have higher expectations. 

To assess the association between different degrees of surgical invasiveness, we 
distinguished nonsurgical treatment (such as hand therapy for thumb-base osteoarthritis), 
minor surgery (such as trigger finger release), and major surgery (such as Triangular 
Fibrocartilage Complex reinsertion). Twenty-nine percent (3544 of 12,345) of the final 
sample were scheduled for nonsurgical treatment, 49% (6022 of 12,345) for a minor 
surgical intervention, and 23% (2779 of 12,345) for a major surgical intervention (Table 1). 
The number of surgical patients in the present study does not reflect the actual distribution 
of surgical versus nonsurgical patients at Xpert Clinics, because the inclusion of patients in 
the present study depends on whether a measurement track is assigned. At the time of this 
study, no measurement tracks were started in our cohort in patients with, for example, a 
“wait and see” policy or patients receiving steroid injections. Therefore, the proportion of 
surgical patients is overestimated in this study. Patients in the major surgery group had a 
longer duration of symptoms and were more often treated for the same disease previously. 
Patients in the minor surgery group had the most positive expectations (Supplemental Table 
3; supplemental materials are available with the online version of CORR®). Furthermore, 
to assess potential differences between patients scheduled for nonsurgical treatment and 
patients scheduled for surgical treatment, we stratified patients into two treatment groups: 
nonsurgical and surgical. Seventy-one percent (8801 of 12,345) were scheduled for either 
minor or major surgery.

Variables and Measurements 
The primary outcome in this study was patients’ outcome expectations of the treatment. 
We measured outcome expectations with the expectancy subscale of the CEQ 24. This 
subscale consists of three items measuring the expected magnitude of improvement because 
of the prescribed treatment. Summed scores range from 3 to 27, where a higher score 
reflects a more positive treatment outcome expectation.
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Independent Variables 
We believed patients receiving the same treatment, counseled by the same surgeon, or 
treated at the same location might have more similar outcome expectations than other 
patients. To evaluate this, we used multilevel regression modeling with a random intercept 
and no fixed factors and intraclass correlation coefficients (ICC). Only for treatment, 
we found that patients were more similar in outcome expectations (Supplemental Digital 
Content 1; supplemental materials are available with the online version of CORR®). 
Therefore, we included the treatment level in all subsequent analyses. 

Patient Characteristics 
We divided patient characteristics into three subcategories: sociodemographics, PROMs 
for physical and mental health, and illness perception. Sociodemographic characteristics 
included age, sex (not gender, because we collect sex at the Dutch Citizen Service 
Administration, and we did not want to make unsupported assumptions), therapist-reported 
duration of symptoms (in months), hand dominance, therapist-reported occupational 
intensity (unemployed or light, moderate, or heavy physical labor), whether the patient 
visited the clinic for a second opinion, and whether the disease was recurrent (measured 
by the question: “Have been treated for the same disease before?”; the answer yes would be 
coded as recurrent. This means that a patient answering “yes” had the same or a different 
treatment for the same disease previously). 

PROMs for physical and mental health included pain, hand function, health-related quality 
of life, psychologic distress, and pain catastrophizing at baseline. We used a VAS score 
(range 0 to 100) to measure the mean pain as experienced in the preceding week (higher 
scores indicate more pain) and hand function (higher scores indicate better function). 
The VAS is a validated and widely used tool for measuring these constructs 25. We measured 
health-related quality of life using the VAS of the EuroQol-5 Dimensions self-rated health 
questionnaire as an indication of the overall perceived health status (range 0 to 100; higher 
scores indicate better perceived health) 26,27. Psychologic distress was measured with the 
Patient Health Questionnaire-4 (range 0 to 12; higher scores indicate more distress 28), and 
pain catastrophizing was measured with the Pain Catastrophizing Scale (range 0 to 52; 
higher scores indicate a higher amount of catastrophizing 29). 

The last set of patient characteristics concerned illness perception as measured with the 
Brief Illness Perception Questionnaire 30,31. The Brief Illness Perception Questionnaire 
measures patients’ perception of their illness across eight domains (consequences, timeline, 
personal control, treatment control, identity, concern, coherence, and emotional response). 
Each domain is assessed with a single question (range 0 to 10; higher scores indicate more 
negative illness perceptions except for personal control, treatment control, and coherence, 
where the reverse is true) 30. We excluded the domain of treatment control (“How much 
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do you think your treatment can help your illness?”) because of conceptual overlap with 
outcome expectations. 

Treatment Characteristics 
The treatment characteristics concerned the invasiveness and past effectiveness of the 
treatment. As an indicator of invasiveness, we coded a treatment as nonsurgical, minor 
surgery, or major surgery. In addition, as a proxy for the influence of the clinician’s 
explanation of treatment effectiveness, for each treatment, we calculated the mean 
improvement in function achieved in patients treated previously, using VAS function scores 
(-100 = maximum deterioration in function; 100 = maximum improvement in function) 
administered at baseline and at 3 months. We did the same for pain (-100 = maximum 
deterioration in pain; 100 = maximum improvement in pain). 

Finally, we used the Patient-Reported Experience Measure to measure the patient’s 
experience with healthcare delivery, directly after the first consultation. This questionnaire 
is based on the Consumer Quality Index 32. The Patient-Reported Experience Measure 
comprises 16 questions rated on a 4-point Likert scale, including questions about 
accessibility, reception in the clinic, and communication of the physician. 

Ethical Approval 
Ethical approval for this study was obtained from the medical ethics committee of the 
Erasmus MC Medical Centre, Rotterdam (MEC-2018-1088). Informed consent was obtained 
from patients before data collection started. 

Statistical Methods 
We used multilevel hierarchical regression analyses to test the relative association of 
specific patient and treatment characteristics with outcome expectations. In a hierarchical 
regression analysis, a set of variables is entered into a specific sequence to illustrate 
each set’s added amount of explained variance. This means that variables that add no 
or little to the explained variance remain in the model. In the first model, we entered all 
sociodemographic patient characteristics (such as sex, age, and occupational intensity). 
We added PROMs for physical and mental health (such as quality of life, pain, function, 
and psychologic distress) in the second model, illness perceptions in the third model, and 
treatment characteristics in the most-definitive model (the fourth model). An advantage of 
hierarchical regression is that because of shared variance, some variables might be pushed 
out of significance when entering the next step. Consequently, only variables that are truly 
associated with outcome expectations remain significant in the final model. For each model, 
the explained variance using multilevel partitioning was calculated. 
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Finally, we performed a stratified analysis to compare differences between factors 
associated with outcome expectations between patients scheduled for nonsurgical treatment 
and those scheduled for surgical treatment. Stratification is a useful strategy to identify 
interactions between subgroups such as treatment type. 

A variance inflation factor greater than 3 was considered to indicate multicollinearity 
33. Based on the variance inflation factors (the highest-variance inflation factor in the 
multilevel hierarchical regression model equaled 2.05, in the stratified nonsurgical model, 
it equaled 2.12, and in the stratified surgical model, it equaled 2.03), we did not find any 
indication for multicollinearity in our models. 

For all analyses, a p value < 0.05 was considered statistically significant. We used R 
statistical software version 4.1.1 for the analyses. 

RESULTS 

Factors Independently Associated With Outcome Expectations 
In our most-definitive model, we found an explained variance of 29%. When analyzing 
the separate steps of the different models, sociodemographics alone provided an explained 
variance of 1% in outcome expectations. PROMs for physical and mental health added 2% 
to the explained variance. Illness perceptions (9%) and treatment characteristics (18%) 
explained the largest amount of variance in outcome expectations. 

We used standardized betas to compare the magnitude of the effect of the different 
continuous and categorical variables. Higher outcome expectations were associated with 
the following sociodemographic variables (Fig. 2) (arranged from the largest to the smallest 
standardized beta coefficients): higher age (0.07; p < 0.001), occupational intensity (heavy: 
0.06; p = 0.02; light: 0.06; p = 0.002; moderate: 0.06; p = 0.008), shorter duration of 
symptoms (0.03; p < 0.001); female sex (0.05; p = 0.002), and not having been treated for 
the same condition before (0.08; p = 0.003) (Table 2). Higher outcome expectations were 
associated with the following baseline PROMs for physical and mental health (largest to 
smallest standardized beta coefficients): a higher EQ-5D self-rated health score (0.07; 
p < 0.001), better hand function (0.05; p < 0.001), and more pain catastrophizing (0.02; 
p = 0.048). Six of seven illness perception items were associated with greater outcome 
expectations (from largest to smallest): shorter illness duration expected by the patient 
(-0.23; p < 0.001), better understanding of the condition by the patient (0.12; p < 0.001), 
the more the illness affects the patient’s life (0.09; p < 0.001), less concern about the 
illness the patient experiences (-0.08; p < 0.001), a larger number of symptoms the patient 
views as being part of their illness (0.05; p < 0.001), and the less the illness affects the 
patient emotionally (-0.04; p < 0.001). The largest standardized beta coefficients were for 
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treatment characteristics: major surgical treatment (0.61; p < 0.001) and minor surgical 
treatment (0.56; p < 0.001). This means that being at the start of a major surgical treatment 
increases the outcome expectations by 2.75 points (95% confidence interval 2.21 to 3.29; p 
< 0.001) compared with being at the start of a nonsurgical treatment (Supplemental Table 
4; supplemental materials are available with the online version of CORR®). The mean 
functional improvement of the treatment was also associated with outcome expectations 
(0.17; p < 0.001) (Table 2). 

Analyzing differences in variables between the different steps of the model, we found only 
one difference (Supplemental Table 5; supplemental materials are available with the online 
version of CORR®). In Model 1, visiting the clinic for a second opinion was associated with 
lower expectations, but after adding PROMs for physical and mental health, there was no 
association. This implies that one (or more) of the PROMs, such as pain catastrophizing, 
have a shared variance with a second opinion and pushes the variable second opinion out 
of significance.

Differences Between Patients Scheduled for Nonsurgical Treatment and Those 
Scheduled for Surgical Treatment 
In the most-definitive model, including sociodemographics, PROMs for physical and 
mental health, illness perception, and treatment characteristics, we found an explained 
variance of 25% for outcome expectations of patients scheduled for nonsurgical treatment. 
Sociodemographics explained 2%, PROMs for physical and mental health explained 2%, 
illness perception explained 16%, and treatment characteristics explained 5%. For the 
outcome expectations of patients scheduled for surgical treatment, the most-definitive 
model explained 14% of the variance. Sociodemographics explained 2%, PROMs explained 
2%, illness perception explained 8%, and treatment characteristics explained 2%. 

When comparing the factors associated with outcome expectations between patients 
scheduled for nonsurgical treatment and those scheduled for surgical treatment, we found 
greater personal control was associated with more-positive expectations in nonsurgical 
patients (0.13; p < 0.001), whereas higher personal control was associated with more-
negative expectations in surgical patients (-0.05; p < 0.001) (Fig. 3). Psychologic distress 
was associated with expectations only in nonsurgical patients (depression: -0.04; p = 0.04; 
anxiety: 0.08; p < 0.001). Pain catastrophizing (0.03; p = 0.03), whether the patient has been 
treated for the same disease before (-0.11; p = 0.001), and a larger number of symptoms 
the patient views as being part of their Illness (0.08; p < 0.001) were associated with 
expectations only in surgical patients (Table 2). 
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DISCUSSION 

Multiple studies have shown that more-positive outcome expectations are associated with 
better treatment outcomes 1-4,9-11, and there is an interest in positively modifying outcome 
expectations to improve treatment outcomes. However, little was known about factors 
independently associated with outcome expectations. Studying factors associated with 
outcome expectations may provide relevant information for clinicians and researchers 
aiming to improve outcome expectations. Improving expectations might, in turn, improve 
treatment outcomes. We found patients’ outcome expectations for a hand or wrist condition 
were higher when patients had more-positive perceptions of their illness. Furthermore, 
patients scheduled for surgical treatment had higher outcome expectations than patients 
scheduled for nonsurgical treatment, even after adjusting for differences in clinical profile 
and mindset between patents. Our findings can be used directly in daily clinic by improving 
expectations and illness perceptions, especially for nonsurgical patients, or in studies that 
develop interventions to improve expectations.

Limitations 
Our study has several limitations. First, because this was an observational study, no 
causal conclusions can be drawn. Although we theorized the variables in our model drive 
outcome expectations, the reverse could be just as true for several variables (outcome 
expectations may be causing illness perceptions), or instead, the relationship may be 
bidirectional. Experimental studies are necessary to test whether outcome expectations 
might be strengthened by inf luencing illness perceptions. Second, we found small 
differences between patients who responded to the survey (responders) and those who did 
not (nonresponders). Nonresponders were more often scheduled for nonsurgical treatment 
and had lower expectations. This is in line with other studies that showed nonsurgical 
patients are more likely to be lost to follow-up than surgical patients 9,20,34. Furthermore, 
our study and others showed that patients scheduled for nonsurgical treatment have lower 
expectations 7,20,35, so we may assume the difference in expectations between responders and 
nonresponders is caused by the difference in treatment type we found in the nonresponder 
analysis. Still, we may have overestimated the expectations of patients undergoing 
nonsurgical treatment in our study. Third, our study examined pretreatment expectations, 
but several studies suggested outcome expectations may change during treatment and 
this change may influence treatment outcomes 35,36. Nevertheless, a robust association 
between pretreatment outcome expectations and treatment outcomes has been found in 
several medical areas [1, 5, 6, 27], indicating the importance of addressing pretreatment 
expectations. Future research could investigate whether the extent to which outcome 
expectations change during treatment depends on the type of treatment and how this change 
affects outcome. 
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Association of Location, Surgeon, and Treatment Variables With Outcome Ex-
pectations 
Nineteen percent of the variance in outcome expectations was attributable to differences 
between treatments rather than differences within treatments. Considering the surgeon and 
location level, we found the variance in outcome expectations was because of differences 
in surgeon or location, and almost none was because of differences between surgeons or 
locations. Theoretically, a surgeon adjusts his or her behavior to the patient, treatment, or 
other factors, such as workload. This might explain why we mainly saw within-surgeon 
differences. 

Patient and Treatment Factors Independently Associated With Outcome Expec-
tations 
Our study showed illness perception is an important factor strongly associated with outcome 
expectations. The more positively patients perceived their illnesses, the more positive their 
expectations were of the treatment outcome. Perceived chronicity of the disease and the 
perceived understanding of the disease displayed the strongest independent association. 
Given studies usually investigate variables associated with outcome expectations of a 
single treatment, previous researchers may have missed an important overarching factor 
driving expectations: the type of treatment a patient is about to undergo. In our study, 
approximately 18% of the total variance across patients was explained by the treatment 
invasiveness (nonsurgical, minor, or major surgical treatments) and the past effectiveness 
of the treatment. These results might indicate that patients believe treatment invasiveness is 
positively associated with better outcomes, resulting in higher pretreatment expectations by 
patients scheduled for surgical treatment. This finding is in line with those of other studies 
19,20,34. Our study indicates that expectation management should be tailored to the specific 
treatment (surgical or nonsurgical) and to the specific patient (including their perception 
of illness). For example, an intervention aimed to increase the understanding of a specific 
illness and accompanying treatment (such as offering an illness-specific or patient-specific 
elearning module with psychoeducation to provide information and support so a patient 
will better understand their illness and treatment) might effectively correct false (negative) 
beliefs regarding treatment invasiveness in nonsurgical patients and thus improve their 
pretreatment expectations. 

We found an association with the treatment effectiveness based on the mean improvement 
in function in historical patients, but not for the mean improvement in pain. Hypothetically, 
in their explanation of treatment effectiveness, clinicians might avoid strong statements 
about pain, because the amount of improvement in pain differs greatly between patients 
and between treatments. However, statements on hand function, including a statement 
such as: “you will be able to return to work within 12 weeks,” might be safer because this 
outcome may be more predictable. Additionally, we did not find an association between the 
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amount of pain at baseline, whereas for function, we found patients with better pretreatment 
function had higher expectations. This suggests pain might be less important for outcome 
expectations than pretreatment level of function is. 

Differences Between Patients Scheduled for Nonsurgical Treatment and Those 
Scheduled for Surgical Treatment 
The degree of control patients feel they have over their illness was the only illness perception 
domain not associated with outcome expectations in our hierarchical regression model. 
However, our stratified analysis shows that the more personal control a nonsurgical patient 
experienced, the more positive the outcome expectations were, whereas the reverse was true 
for surgical patients. Because of this opposite effect, they may likely have cancelled each 
other out in the overall regression analysis. This opposite effect might guide intervention 
for improving outcome expectations. Patients with an internal locus of control perceive 
themselves as having a great deal of personal control over their outcomes, whereas patients 
with an external locus of control believe their outcomes result from external influences. 
Considering the locus of control, improving outcome expectations in nonsurgical patients 
should entail an increase in personal control (such as a greater understanding of illness 
and self-efficacy). In contrast, the outcome expectations of surgical patients might be 
improved by discussing important external influences (including physician experience and 
the likelihood of success with treatment). 

CONCLUSION 

So far, there is some promising evidence for expectancy-focused interventions to improve 
treatment outcomes 37. Expectation management appears to be an important element of 
delivering high-quality healthcare. Our findings suggest expectation management should 
be tailored to the specific treatment (such as surgical versus nonsurgical) and the specific 
patient (including their perception of their illness). It may be more beneficial to test and 
implement expectation management strategies such as physical therapy for nonsurgical 
treatments than for surgical treatments, given our findings indicate a greater need to do so. 
An additional advantage of such a strategy is that successful interventions may be able to 
prevent converting to surgical interventions, which is a goal of the stepped-care principles 
of standard care. Future studies might investigate the association between pretreatment 
expectations and outcomes by performing an experimental study, such as a randomized 
controlled trial, in which boosting expectations is compared with usual care (with no special 
attention to expectations) in nonsurgical and surgical groups.
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Figure 1. This flowchart represents the patients who were included in this study. CEQ = Credibility and 
Expectancy Questionnaire.
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Figure 2. Standardized regression coefficients of the hierarchical multilevel regression model explain outcome 
expectations. Only significant variables are shown. EQ-5D = EuroQol-5 Dimensions; B-IPQ = Brief Illness 
Perception Questionnaire; PCS = Pain Catastrophizing Scale; PHQ = Patient Health Questionnaire.
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Figure 3A
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Figure 3B

Figure 3. Standardized regression coefficients of the stratified hierarchical multilevel regression models 
explain outcome expectations for (A) nonsurgical treatment and (B) surgical treatment. Only significant 
variables are shown. EQ-5D = EuroQol-5 Dimensions; B-IPQ = Brief Illness Perception Questionnaire; PCS 
= Pain Catastrophizing Scale; PHQ = Patient Health Questionnaire.
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Table 1. Characteristics of the included patients (n = 12,345)

Characteristics Total

Age in years 55 ± 15

Sex (female) 65 (7986)

Duration of symptoms in months 8 (4 -18)

Hand dominance

   Right 89 (10,960)

   Left 8 (1013)

   Both 3 (372)

Occupational intensity

   Not employed 37 (4553)

   Light (working in an office) 28 (3506)

   Moderate (working in a shop) 25 (3110)

   Severe (working in construction) 10 (1176)

Second opinion 2 (301)

Recurrent disease 8 (1028)

Treatment group

   Nonsurgical treatment 29 (3544)

   Minor surgery 49 (6022)

   Major surgery 23 (2779)

Data presented as mean ± SD, median (IQR) or % (n). 
Nonsurgical treatments includes e.g., orthotics, exercise therapy, injections; minor surgery includes minor surgical 
interventions e.g., trigger finger release, De Quervain release; major surgery includes more invasive interventions, 
e.g., trapeziectomy with or without ligament reconstruction tendon interposition for thumb base osteoarthritis, 
corrective osteotomy for radius malunions. 
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INVOLVEMENT IN A PERSONAL INJURY 
CLAIM IS ASSOCIATED WITH MORE 

PAIN AND DELAYED RETURN TO WORK 
AFTER ELECTIVE NONSURGICAL OR 

SURGICAL TREATMENT FOR HAND OR 
WRIST DISORDERS: A PROPENSITY SCORE-

MATCHED COMPARATIVE STUDY 
Hoogendam, L., van der Oest, M. J. W., Souer, J. S., Selles, R. W., Hovius, S. E. R., Feitz, R., 
The Hand-Wrist Study Group (2023). Clinical orthopaedics and related research, 481(4), 

751–762. 
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ABSTRACT 

Background 
A small proportion of patients treated for a hand or wrist condition are also involved in a 
personal injury claim that may or may not be related to the reason for seeking treatment. 
There are already indications that patients involved in a personal injury claim have more 
severe symptoms preoperatively and worse surgical outcomes. However, for nonsurgical 
treatment, it is unknown whether involvement in a personal injury claim affects treatment 
outcomes. Similarly, it is unknown whether treatment invasiveness affects the association 
between involvement in a personal injury claim and the outcomes of nonsurgical treatment. 
Finally, most studies did not take preoperative differences into account. 

Questions/purposes 
(1) Do patients with a claim have more pain during loading, less function, and longer time 
to return to work after nonsurgical treatment than matched patients without a personal 
injury claim? (2) Do patients with a personal injury claim have more pain, less function, 
and longer time to return to work after minor surgery than matched patients without a 
personal injury claim? (3) Do patients with a personal injury claim have more pain, less 
function, and longer time to return to work after major surgery than matched patients 
without a personal injury claim? 

Methods 
We used data from a longitudinally maintained database of patients treated for hand or 
wrist disorders in the Netherlands between December 2012 and May 2020. During the 
study period, 35,749 patients for whom involvement in a personal injury claim was known 
were treated nonsurgically or surgically for hand or wrist disorders. All patients were 
invited to complete the VAS (scores range from 0 to 100) for pain and hand function 
before treatment and at follow-up. We excluded patients who did not complete the VAS on 
pain and hand function before treatment and those who received a rare treatment, which 
we defined as fewer than 20 occurrences in our dataset, resulting in 29,101 patients who 
were eligible for evaluation in this study. Employed patients (66% [19,134 of 29,101]) were 
also asked to complete a questionnaire regarding return to work. We distinguished among 
nonsurgical treatment (follow-up at 3 months), minor surgery (such as trigger finger release, 
with follow-up of 3 months), and major surgery (such as trapeziectomy, with follow-up 
at 12 months). The mean age was 53 ± 15 years, 64% (18,695 of 29,101) were women, 
and 2% (651 of 29,101) of all patients were involved in a personal injury claim. For each 
outcome and treatment type, patients with a personal injury claim were matched to similar 
patients without a personal injury claim using 1:2 propensity score matching to account for 
differences in patient characteristics and baseline pain and hand function. For nonsurgical 
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treatment VAS analysis, there were 115 personal injury claim patients and 230 matched 
control patients, and for return to work analysis, there were 83 claim and 166 control 
patients. For minor surgery VAS analysis, there were 172 personal injury claim patients 
and 344 matched control patients, and for return to work analysis, there were 108 claim 
and 216 control patients. For major surgery VAS analysis, there were 129 personal injury 
claim patients and 258 matched control patients, and for return to work analysis, there were 
117 claim and 234 control patients.    

Results 
For patients treated nonsurgically, those with a claim had more pain during load at 3 months 
than matched patients without a personal injury claim (49 ± 30 versus 39 ± 30, adjusted 
mean difference 9 [95% confidence interval (CI) 2 to 15]; p = 0.008), but there was no 
difference in hand function (61 ± 27 versus 66 ± 28, -5 [95% CI -11 to 1]; p = 0.11). Each 
week, patients with a personal injury claim had a 39% lower probability of returning to 
work than patients without a claim (HR 0.61 [95% CI 0.45 to 0.84]; p = 0.002). For patients 
with an injury claim at 3 months after minor surgery, there was more pain (44 ± 30 versus 
34 ± 29, adjusted mean difference 10 [95% CI 5 to 15]; p < 0.001), lower function (60 ± 28 
versus 69 ± 28, adjusted mean difference -9 [95% CI -14 to -4]; p = 0.001), and 32% lower 
probability of returning to work each week (HR 0.68 [95% CI 0.52 to 0.89]; p = 0.005). 
For patients with an injury claim at 1 year after major surgery, there was more pain (36 
± 29 versus 27 ± 27, adjusted mean difference 9 [95% CI 4 to 15]; p = 0.002), worse hand 
function (66 ± 28 versus 76 ± 26, adjusted mean difference -9 [95% CI -15 to -4]; p = 0.001) 
and a 45% lower probability of returning to work each week (HR 0.55 [95% CI 0.42 to 
0.73]; p < 0.001). 

Conclusion 
Personal injury claim involvement was associated with more posttreatment pain and a 
longer time to return to work for patients treated for hand or wrist disorders, regardless of 
treatment invasiveness. Patients with a personal injury claim who underwent surgery also 
rated their postoperative hand function as worse than similar patients who did not have 
a claim. Depending on treatment invasiveness, only 42% to 55% of the personal injury 
claim patients experienced a clinically relevant improvement in pain. We recommend that 
clinicians extensively discuss the expected treatment outcomes and the low probability of 
a clinically relevant improvement in pain with their personal injury claim patients, and that 
they broach the possibility of postponing treatment. 
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INTRODUCTION 

Patients involved in a personal injury claim seem to have worse symptoms before treatment 
and poorer outcomes after treatment for hand or wrist conditions than patients without 
a personal injury claim. Personal injury claim involvement may comprise work-related 
injury [11], traffic accidents [30], and medical malpractice [29]. Specifically, work-related 
injuries have been studied frequently [11, 15]. A meta-analysis of 62 studies on the surgical 
treatment outcomes of patients with work-related upper extremity injuries who were 
involved in a personal injury claim showed that these patients reported more pain and less 
function after surgery than patients without such a claim [11]. 

Although multiple studies have shown an association between personal injury claims and 
worse treatment outcomes in general, there still remain questions regarding the association 
between involvement in a personal injury claim and the treatment outcomes of hand and 
wrist disorders. Because previous studies [11, 15] mainly focused on the outcomes of 
surgical treatment, it is currently unknown whether this association is also present for 
patients receiving nonsurgical treatment for hand and wrist conditions. Additionally, 
Fujihara et al. [11] demonstrated that a considerable number of studies assessing personal 
injury involvement only reported postoperative treatment outcomes compared with a pre- 
and posttreatment change. It has been hypothesized that patients are more likely to start a 
personal injury claim when treatment outcomes are poor, thus explaining the association 
of personal injury claim involvement and poorer treatment outcomes [15]. Similarly, there 
are indications that a difference in preoperative symptom severity explains this association 
[4]. Therefore, it would be relevant to compare treatment outcomes of patients with personal 
injury claim involvement to patients that were similar before treatment. 

Therefore, we asked: (1) Do patients with a claim have more pain during loading, less 
function, and longer time to return to work after nonsurgical treatment than matched 
patients without a personal injury claim? (2) Do patients with a personal injury claim 
have more pain, less function, and longer time to return to work after minor surgery than 
matched patients without a personal injury claim? (3) Do patients with a personal injury 
claim have more pain, less function, and longer time to return to work after major surgery 
than matched patients without a personal injury claim? 

PATIENTS AND METHODS 

In this matched comparative study using data from a longitudinally maintained database, 
we investigated whether involvement in a personal injury claim is associated with pain, 
hand function, and time to return to work after nonsurgical treatment, minor surgery, or 
major surgical treatment for hand or wrist disorders. 
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Setting 
Data were collected from December 2012 to May 2020 at Xpert Clinics. Xpert Clinics has 
more than 25 locations and employs 23 European board-certified hand surgeons and more 
than 100 hand therapists. 

As part of routine outcome measurements, all patients were invited to complete the VAS 
for pain and hand function before treatment, and both the VAS and a questionnaire about 
return to work after treatment. This cohort and data collection have recently been described 
in more detail [31]. 

In the Netherlands, a personal injury claim procedure generally takes 1 to 3 years. Patients 
involved in a personal injury claim can be compensated for the loss of (future) income, 
(future) medical costs, and general compensatory damages. Most medical costs are 
reimbursed through basic health insurance, which covers general practitioner visits, medical 
specialty care, hospital stay, most medicine, and a limited number of occupational therapy 
sessions. With the exception of general practitioner visits, there is a compulsory deductible 
of USD 392 before health care costs are reimbursed by health care insurance. Physical 
therapy, including hand therapy, is not reimbursed under basic health care insurance. 

Participants 
We included patients whose involvement in a personal injury claim was known and who 
completed the VAS questionnaire on pain and hand function before treatment. We then 
divided patients into three subcohorts: patients who were treated nonsurgically (follow-up 
at 3 months); patients receiving minor surgery, such as trigger finger release (follow-up at 
3 months); and patients receiving major surgery, such as triangular fibrocartilage complex 
(TFCC) reinsertion (follow-up at 12 months) (Supplementary Table 1). We excluded patients 
if they did not provide data for at least one of the outcome measures (VAS or return to work) 
at the last measurement. Additionally, we excluded patients who received a rare treatment 
(which we defined as fewer than 20 observations in our cohort). 

During the study period, 29,101 patients were eligible for participation in this study (Fig. 
1). The mean age was 53 ± 15 years, and 64% (18,695 of 29,101) were women. Forty-five 
percent (12,957 of 29,101) of patients underwent minor surgical treatment, and 2% (651 
of 29,101) of patients were involved in a personal injury claim. We found differences in 
patient characteristics and VAS scores before treatment between patients with a personal 
injury claim and those without one (Table 1). Patients involved in a personal injury claim 
were typically younger, had a shorter duration of symptoms, and performed moderate or 
severe physical labor more often than those who were not involved in a claim. Moreover, 
patients with a personal injury claim received major surgical treatment more often and 
scored worse regarding pain and hand function before treatment. 
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Two percent (115 of 5633) of the nonsurgically treated patients that completed the VAS 
before and after treatment were involved in a personal injury claim and were matched 
to 230 patients without a personal injury claim for VAS analyses. After matching, there 
was a difference (defined as a SMD ≥ 0.10) in gender, dominant side, and treatment 
between the matched patients with a claim and those without (Supplementary Figure 1), 
indicating that additional adjustment was required. Additionally, 2% (83 of 4169) of the 
nonsurgically treated patients who completed the VAS questionnaire before treatment and 
the questionnaire about return to work and who were employed were involved in a personal 
injury claim; we matched them to 166 patients without a claim for return-to-work analyses. 
After matching, there was a difference in treatment between matched patients with and 
without a claim (Supplementary Figure 2). 

For the minor surgery subcohort, 2% (172 of 9590) of patients were involved in a personal 
injury claim and were matched to 344 patients without a claim for VAS analyses. After 
matching, there was a difference in gender, dominant side, and treatment (Supplementary 
Figure 3). For the return-to-work analyses, 2% (108 of 6155) of patients were involved in 
a claim and were matched to 216 patients without a claim. After matching, there was a 
difference in the type of occupation and treatment (Supplementary Figure 4). 

For the major surgery subcohort, 3% (129 of 4389) of patients were involved in a personal 
injury claim and were matched to 258 patients without involvement in a claim for the VAS 
analyses. After matching, there was a difference in treatment (Supplementary Figure 5). 
For the return-to-work analyses, 4% (117 of 3339) of patients were involved in a claim and 
were matched to 234 patients without a claim. After matching, there was a difference in 
symptom duration, VAS function, and treatment (Supplementary Figure 6). 

Data Collection 
Patients were invited to complete the VAS questionnaire before and after treatment [31]. 
Patients were asked to score five outcome domains (average pain, pain during load, pain at 
rest, hand function, and satisfaction with the hand) on a VAS (scores range from 0 to 100). 
For pain, 0 indicates no pain and 100 indicates extreme pain; for function and satisfaction, 
0 indicates poor function and 100 indicates optimal function [20]. For this study, we used 
the subscales of VAS pain during load and VAS hand function, which we consider the 
most relevant for patients with hand or wrist disorders. After treatment (at 3 months for 
nonsurgical treatment and minor surgery or at 12 months for major surgery), patients were 
invited to complete the VAS questionnaire again. The minimum important change (MIC) 
of the VAS pain during loading was reported as 13 for nonsurgical treatment and 23 for 
surgical treatment. For hand function, it was reported as 10 for nonsurgical treatment and 
19 for surgical treatment [19]. 
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In addition, patients who were employed before treatment were asked to complete a 
questionnaire on return to work after treatment [34]. Return to work was defined as working 
at least 50% of a patient’s contractual hours and performing normal working activities. 

Sample Size 
The study sample was determined by the number of patients treated during the study period. 
For each subcohort and outcome, we calculated effect sizes to assess whether we had a 
sufficient number of patients for each analysis to detect a medium-sized effect (Cohen d 
0.50) with 80% power [6]. The significance level was set at 0.017, to account for multiple 
testing of three outcomes for each subcohort. With the available number of patients, we 
were able to detect effect sizes ranging from 0.35 to 0.37, indicating that we had sufficient 
power to detect a medium-size effect in the analyses. 

Matching 
We matched patients based on patient characteristics (age, gender, occupation, and 
dominant side), baseline VAS scores, and treatment to compare patient-reported outcome 
measure scores at the last measurement for patients with and without personal injury claims. 
We used 2:1 propensity score matching to compare treatment outcomes, where we matched 
two patients without personal injury claims to one patient with a personal injury claim 
[3]. The number of patients differed for each analysis because not all patients completed 
all questionnaires. Therefore, we performed matching for each analysis separately. After 
matching, we calculated the standardized mean difference (SMD) between matched 
patients with and without personal injury claims to assess whether the propensity score 
matching was successful. The SMD should be below 0.10 for all variables for matching to 
be considered successful [25]. 

Ethical Approval 
Institutional review board approval was obtained from the ethics committee of the Erasmus 
Medical center (MEC-2018-1088). All patients provided written informed consent. 

Statistical Analyses 
We used t-tests to compare normally distributed continuous variables. For nonnormally 
distributed variables, we used Wilcoxon tests. We compared categorical outcomes using 
a chi-square test. 

When the SMD was greater than 0.10 for one or more variables after matching, linear 
regression (for VAS scores) or a Cox proportional hazards model (for return to work) 
was applied to adjust for variables with an SMD greater than 0.10 after matching [25]. 
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All analyses were performed in R, version 3.6.3. For all analyses, p < 0.017 was considered 
statistically significant because of multiple testing corrections. The R code used for the 
analyses is available online at https://doi.org/10.5281/zenodo.5607378 [17]. 

RESULTS 

Nonsurgical Treatment 
After propensity score matching and adjustment for gender, hand dominance, and treatment, 
at 3 months after treatment, patients with personal injury claims had more pain with loading 
than those without such a claim (49 ± 30 versus 39 ± 30, adjusted mean difference 9 [95% 
confidence interval (CI) 2 to 15]; p = 0.008) (Fig. 2A). However, there was no difference in 
hand function (61 ± 27 versus 66 ± 28, -5 [95% CI -11 to 1]; p = 0.11) (Fig. 2B). Forty-five 
percent (52 of 115) and 50% (57 of 115) of patients with personal injury claims reached 
the minimum important change (MIC) of VAS pain and function, respectively (Table 2). 
Among employed patients, after propensity score matching and adjusting for treatment, we 
found that patients with personal injury claims had a 39% lower probability of returning 
to work each week than those without a claim (HR 0.61 [95% CI 0.45 to 0.84]; p = 0.002) 
(Fig. 3). 

Minor Surgery 
After propensity score matching and adjustment for gender, hand dominance, and treatment, 
at 3 months after treatment, patients with personal injury claims had more pain with loading 
than those without such a claim (44 ± 30 versus 34 ± 29, adjusted mean difference 10 [95% 
CI 5 to 15]; p < 0.001) (Fig. 4A). Additionally, patients with personal injury claims had 
a worse hand function than those without such a claim (60 ± 28 versus 69 ± 28, adjusted 
mean difference -9 [95% CI -14 to -4]; p = 0.001) (Fig. 4B). Forty-two percent (72 of 172) 
and 53% (91 of 172) of patients with personal injury claims reached the MIC of VAS 
pain and function, respectively (Table 3). Among employed patients, the median time to 
return to work was 5 weeks for patients with an injury claim and 3 weeks for matched 
patients without a claim (Fig. 5). After propensity score matching and adjusting for type 
of occupation and treatment, we found that patients with personal injury claims had a 
32% lower probability of returning to work each week (HR 0.68 [95% CI 0.52 to 0.89]; p 
= 0.005). 

Major Surgery 
After propensity score matching and adjustment for treatment, at 12 months after treatment, 
patients with personal injury claims had more pain with loading than those without such 
a claim (36 ± 29 versus 27 ± 27, adjusted mean difference 9 [95% CI 4 to 15]; p = 0.002) 
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(Fig. 6A). Additionally, patients with personal injury claims had a worse hand function than 
those without a claim (66 ± 28 versus 76 ± 26, adjusted mean difference -9 [95% CI -15 
to -4]; p = 0.001) (Fig. 6B). Fifty-five percent (71 of 129) and 59% (76 of 129) of personal 
injury claim patients reached the MIC of VAS pain and function, respectively (Table 4). 
Among employed patients, the median time to return to work was 12 weeks for patients 
with a claim and 8 weeks for matched patients (Fig. 7). After propensity score matching 
and adjusting for symptom duration, VAS function, and treatment, we found that patients 
with personal injury claims had a 45% lower probability of returning to work each week 
than those without a claim (HR 0.55 [95% CI 0.42 to 0.73]; p < 0.001) (Fig. 7). 

DISCUSSION 

Although a small proportion of patients with hand or wrist disorders is involved in a 
personal injury claim, there is evidence that personal injury claim involvement is 
associated with worse surgical treatment outcomes. However, it was unknown whether 
this association is also present in nonsurgical treatment. Additionally, many studies did not 
take preoperative differences into account, possibly explaining this association. We found 
a consistent negative association between personal injury claim involvement and pain and 
time to return to work after nonsurgical treatment, minor surgery, and major surgery when 
comparing personal injury claim patients to similar patients without personal injury claim. 
Patients with a personal injury claim who were treated surgically also reported a worse hand 
function. Additionally, only 42% to 55% experienced a clinically relevant improvement in 
pain. We suggest that clinicians discuss the expected treatment outcomes extensively with 
their patients who have filed personal injury claims before deciding on treatment, and that 
clinicians should introduce the idea of postponing treatment. 

Limitations 
This study has some limitations. We used the VAS to measure pain during load and hand 
function. Although the VAS has been validated to measure pain [20], it has not been 
validated to measure hand function. Using validated patient-reported outcome measures 
such as the Patient Rated Wrist/Hand Evaluation or the Michigan Hand outcomes 
Questionnaire would have better suited. Still, previous studies using the Disabilities of the 
Hand, Arm, and Shoulder questionnaire and the American Shoulder and Elbow surgeons 
score found similar results [2, 4, 5, 8], supporting our findings. 

We were unable to determine whether the reason for treatment was related to the personal 
injury claim. For example, there may be a difference in symptom severity, psychological 
characteristics, and potential treatment outcomes between a patient involved in a personal 
injury claim for a broken foot who now happens to seek treatment for Dupuytren 
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contracture, compared with a patient with a personal injury claim who is undergoing a 
TFCC reinsertion for wrist pain after an accident. Future studies are needed to determine 
whether unrelated elective care can be postponed when patients have an ongoing personal 
injury claim.  

This observational comparative study did not account for psychological factors, such as 
depression, pain catastrophizing, or illness perceptions. Several studies have suggested 
that patients with a personal injury claim have a more negative psychological profile [10, 
24]. For example, patients with prolonged sick leave might have more negative illness 
perceptions than realistically can be expected [12]. Moreover, patients involved in a 
workers compensation claim have been shown to be at risk for mental illness, including 
depression [21, 26]. A negative psychological profile has been shown to be associated with 
treatment outcomes in multiple hand or wrist disorders; including carpal tunnel release 
[32], upper extremity fractures [1], and TFCC reinsertion [33]. Therefore, we recommend 
further research to identify pretreatment differences in psychological profiles and how 
psychological profiles of patients with personal injury claims change during treatment. This 
could provide insights to guide possible interventions, such as additional psychological, 
social worker support, or motivational interviewing to improve treatment outcomes [14]. 

Additionally, there are likely differences in legal systems and claim compensation between 
countries in terms of the amount of compensation received or required and the duration 
of a personal injury claim procedure [22]. These differences might influence treatment 
outcomes [13]. When we compare patients in this study to patients in the United States, 
for example, a notable difference will be the need for medical costs compensation, which 
will be highly relevant for US patients, but less so for Dutch patients, as these costs are 
mostly reimbursed under basic health insurance. Still, loss of (future) income and general 
compensatory damages will be relevant issues to patients in both settings. Additionally, 
feelings of psychological distress [7] and perceived injustice [23, 28] will affect personal 
injury claim patients irrespective countries, suggesting that the similarities in personal 
injury claims between countries may outweigh the differences. This is in line with a 
meta-analysis of surgical treatment outcomes of patients with workers compensation or 
involved in litigation [15], where it was shown that the association between compensation 
and worse treatment outcomes was consistently present in the United States, Canada, 
Europe, and Australia. 

Nonsurgical Treatment 
For patients treated nonsurgically, we found that patients involved in a personal injury 
claim experienced more pain during load and were more likely to return to work later than 
patients not involved in a claim. Although it has been reported that personal injury claim 
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involvement is associated with poorer outcomes in terms of pain and hand function for 
surgically treated patients [11], we find a similar association for nonsurgical treatment. 

Minor Surgery 
For patients receiving minor surgery (such as trigger finger release), patients with personal 
injury claims had more pain, worse function, and a longer time to return to work, with a 
median time to return to work of 5 weeks compared with 3 weeks for controls. A difference 
in return to work was also reported by Dunn et al. [9], who found that patients involved in a 
workers compensation claim are absent from work on average 5 weeks longer. We found a 
smaller difference of 2 weeks’ absence for patients involved in a personal injury claim than 
matched patients without such a claim. Possibly, work-related injuries lead to a disturbed 
working relationship which negatively affects the time to return to work, which may explain 
the 3-week difference in the return-to-work time. We recommend a qualitative study to 
investigate barriers and facilitators of return to work for patients involved in a personal 
injury claim to guide potential interventions. 

Major Surgery 
For patients receiving major surgery (such as TFCC reinsertion), patients with personal 
injury claims had more pain, worse function, and a longer time to return to work. In the 
meta-analysis by Fujihara et al. [11], it was unclear whether personal injury claims were 
associated with time to return to work after surgery, whereas this association was present 
in our study. Because the treatment invasiveness (minor or major surgery) likely affects 
the time to return to work, studying minor and major procedures separately might have 
provided a clearer overview of this association. 

Other Considerations 
The differences in pain and hand function we found in all treatment groups were relatively 
small compared with those reported in previous studies [8, 16]. For example, a 15-point 
difference in VAS pain was reported after rotator cuff repair for patients with and without 
involvement in a personal injury claim [16], whereas we found a 9-point difference in VAS 
pain scores during loading after major surgery. Because it has been repeatedly shown that 
patients involved in a personal injury claim already report more symptoms before treatment 
[11, 16], correcting for baseline differences may result in a smaller difference after treatment 
[4], possibly explaining the difference in effect magnitude. Additionally, only 42% to 55% 
of patients with personal injury claims experienced a clinically relevant improvement in 
pain after minor and major surgery, respectively. For example, when we compare this to 
surgery for thumb base osteoarthritis, we find that a clinically relevant improvement in pain 
has been reported for 71% to 84% of patients [18, 27]. This raises the question of whether 
patients actually benefit from treatment while they have an ongoing personal injury claim. 
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Future studies may evaluate whether postponing treatment is an option and how this may 
affect outcomes. Finally, there is an increasing interest in the development of prediction 
models for individualized predictions of expected treatment outcomes. Considering that 
personal injury claim involvement is associated with worse treatment outcomes, regardless 
of treatment invasiveness, we strongly recommend researchers working on prediction 
models for individual treatment outcomes to include personal injury claim involvement as 
a candidate predictor for their models. 

Conclusion 
This matched comparative study found that involvement in a personal injury claim was 
associated with worse treatment outcomes for patients treated nonsurgically or surgically 
for hand or wrist disorders. Regardless of treatment invasiveness (nonsurgical treatment, 
minor surgery, or major surgery), the time to return to work was longer and posttreatment 
pain was higher for personal injury claim patients. Surgical personal injury claim patients 
also rated their postoperative hand function as worse than similar patients. Depending on 
treatment invasiveness, only 42% to 55% of the personal injury claim patients experienced 
a clinically relevant improvement in pain. We recommend that clinicians do the following 
with their patients who have personal injury claims: thoroughly discuss the expected 
treatment outcomes and the low probability of a clinically relevant improvement in pain 
as well as introduce the possibility of postponing treatment. 
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Figure 1. This flowchart shows the patients who were included in this study; RTW = return to work. The 
inclusion criteria differed for the VAS analyses (patients who completed the VAS prior to treatment and at 
final follow-up) and the RTW analyses (employed patients who completed VAS prior to treatment), leading 
to some overlap in patients for these analyses. Therefore, the number of patients per treatment type can be 
lower than the sum of patients included in the VAS analyses and RTW analyses. 

Figure 2A
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Figure 2B

Figure 2A-B. These graphs show the mean VAS scores for (A) pain and (B) hand function during load 
over time after nonsurgical treatment. The error bars represent the 95% CI. Values are shown for patients 
involved in a personal injury claim, matched control patients, and unmatched patients not involved in a 
personal injury claim. 
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Figure 3. This Kaplan Meier curve represents the time to return to work after nonsurgical treatment for 
patients involved in a personal injury claim and matched controls. 
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Figure 4A
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Figure 4B

Figure 4A-B. These graphs show the mean VAS scores for (A) pain and (B) hand function during load over 
time after minor surgery. The error bars represent the 95% CI. Values are shown for patients involved in a 
personal injury claim, matched control patients, and unmatched patients not involved in a personal injury 
claim. 
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Figure 5. This Kaplan Meier curve represents the time to return to work after minor surgery for patients 
involved in a personal injury claim and matched controls. The dashed line indicates the median time to 
return to work. 
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Figure 6A
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Figure 6B

Figure 6A-B. These graphs show the mean VAS scores for (A) pain and (B) hand function during load over 
time after major surgery. The error bars represent the 95% CI. Values are shown for patients involved in a 
personal injury claim, matched control patients, and unmatched patients not involved in a personal injury 
claim. 
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Figure 7. This Kaplan Meier curve represent the time to return to work after major surgery for patients 
involved in a personal injury claim and matched controls. The dashed line indicates the median time to 
return to work. 
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Table 1. Patient characteristics and VAS scores before treatment for patients with and without 
involvement in a personal injury claim

Parameter Patients with a 
personal injury 
claim (n = 651)

Patients without a 
personal injury claim 
(n = 28,450)

P-value

Age in years, mean ± SD 46 ± 15 53 ± 15 < 0.001

Women, % (n) 62 (406) 64 (18,289) 0.57

Duration of symptoms in months, mean 
± SD

17 ± 31 21 ± 46 0.02

Type of work, % (n)   0.003

Unemployed 28 (185) 34 (9782)  

Light physical labor 28 (183) 28 (8021)  

Moderate physical labor 28 (185) 26 (7286)  

Heavy physical labor 15 (98) 12 (3361)  

Dominant side, % (n)   0.44

Left 10 (64) 9 (2477)  

Right 86 (563) 88 (25,070)  

Ambidextrous 4 (24) 3 (903)  

Type of treatment, % (n)   < 0.001

Nonsurgical treatment 29 (189) 32 (9235)  

Minor surgery (e.g., release of the first 
extensor compartment)a

40 (259) 45 (12,698)  

Major surgery (e.g., TFCC reinsertion)a 31 (203) 23 (6517)  

VAS pain during load 66 ± 24 56 ± 28 < 0.001

VAS hand function 43 ± 24 51 ± 26 < 0.001

aFor an overview of all treatments categorized as minor or major surgery, see Supplementary Table 1. 
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Table 2. Improvement over time (between baseline and 3 months) and the proportion of patients 
reaching the MIC for VAS pain and function [19] after nonsurgical treatment

Nonsurgical treatment Patients with a personal injury claim 
(n = 115)

Matched controls 
(n = 230)

P-value

Change in VAS pain 13 ± 34 22 ± 30 0.01

Change in VAS function 12 ± 31 19 ± 31 0.048

Reaching the MIC of VAS pain 45 (52) 55 (127) 0.10

Reaching the MIC of VAS 
function

50 (57) 58 (134) 0.16

Data presented as % (n). 
MIC = Minimally Important Change; VAS = Visual Analog Scale 

Table 3. Improvement over time (between baseline and 3 months) and the proportion of patients 
reaching the MIC for VAS pain and function [19] after minor surgery  

Minor surgery Patients with personal injury claim 
(n = 172)

Matched controls (n 
= 344)

P-value

Change in VAS pain 25 ± 30 34 ± 30 0.001

Change in VAS function 20 ± 35 29 ± 32 0.005

Reaching the MIC of VAS 
pain

42 (72) 61 (210) < 0.001

Reaching the MIC of VAS 
function

53 (91) 64 (220) 0.02

Data presented as % (n). 
MIC = Minimally Important Change; VAS = Visual Analog Scale 

Table 4. Improvement over time (between baseline and 12 months) and the proportion of patients 
reaching the MIC for VAS pain and function [19] after minor surgery  

Major surgery Patients with personal injury 
claim (n = 129)

Matched controls (n 
= 258)

P-value

Change in VAS pain 29 ± 34 39 ± 33 0.004

Change in VAS function 23 ± 33 34 ±33 0.003

Reaching the MIC of VAS pain, 
% (n)

55 (71) 67 (174) 0.02

Reaching the MIC of VAS 
function, % (n)

59 (76) 70 (180) 0.04

Data presented as % (n). 
MIC = Minimally Important Change; VAS = Visual Analog Scale 
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ABSTRACT 

Background 
Symptom improvement is an important goal when considering surgery for carpal 
tunnel syndrome. There is currently no prediction model available to predict symptom 
improvement for patients considering a carpal tunnel release (CTR). 

Objective 
Therefore, we developed a model to predict the probability of clinically-relevant symptom 
improvement at six months after CTR. 

Methods 
We split a cohort of 2119 patients who underwent a mini open CTR and completed the Boston 
Carpal Tunnel Questionnaire (BCTQ) preoperatively and six months postoperatively, into a 
training (75%) and validation dataset (25%). Patients who improved more than the minimal 
clinically important difference of 0.8 at the BCTQ-symptom severity scale were classified 
as "improved”. 

Logistic regression, Random Forests, and Gradient Boosting Machines were considered 
to train prediction models. The best model was selected based on discriminative ability 
(AUC) and calibration in the validation dataset. This model was further assessed in a hold-
out dataset (N=397). 

Results 
A Gradient Boosting Machine with five predictors was chosen as optimal trade-off between 
discriminative ability and number of predictors. In the hold-out dataset, this model had 
an AUC of 0.723, good calibration, sensitivity of 0.77 and specificity of 0.55. Positive 
predictive value was 0.50 and negative predictive value was 0.81. 

Conclusion 
We developed a prediction model for clinically-relevant symptom improvement six months 
after a CTR, which required five patient-reported predictors (18 questions), has reasonable 
discriminative ability and good calibration. The model is available online and might help 
shared decision-making when patients are considering a CTR. 
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INTRODUCTION 

Carpal tunnel syndrome (CTS) is a common peripheral nerve entrapment, with an incidence 
of 3.5 per 1000 person-years.1 Symptoms include pain, tingling, and numbness in the 
thumb, index, and middle finger.2 Conservative treatment options, such as a night splint or 
a corticosteroid injection, can be effective.3 However, in severe cases or when conservative 
treatment fails, carpal tunnel release surgery (CTR) is indicated.4 

While CTR is often considered a minor surgery, patients do not always experience it as 
such, and it can take months for patients to resume work.5,6 Moreover, previous studies have 
shown that not all patients experience improved CTS symptoms after CTR.7-9 Therefore, it 
would be very relevant to preoperatively identify which patients benefit from CTR.

Previous studies have investigated prognostic factors for outcomes of CTR and identified 
pretreatment symptom severity, other hand conditions and psychosocial factors as associated 
with outcomes of CTR.10-13 While this knowledge is useful, it might be difficult to translate 
the effect of prognostic factors to decision-making for individual patients. Additionally, it 
has not been studied how well these factors predict outcomes of CTR. Therefore, models 
that predict outcomes for individual patients are needed to help patients and clinicians in 
their decision-making. 

Besides classical statistical techniques, machine learning algorithms are available and 
are increasingly used to build prediction models.14,15 Machine learning algorithms differ 
from classical techniques because of their ability to better identify non-linear effects, 
interactions, or other patterns, particularly in large datasets.16 These properties can lead 
to better predictive performance of prediction models trained using machine learning 
algorithms.17,18 

Therefore, the aim of this study was to develop and validate a prediction model using 
one statistical algorithm and two machine learning algorithms to predict the probability 
of clinically-relevant patient-reported symptom improvement for individual patients six 
months after CTR. 
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METHODS 

Source of data 
Data from the Hand and Wrist cohort was used. This cohort and data collection have 
previously been described in more detail.19 Reporting was done following the TRIPOD 
statement.20 We used data collected from November 2011 to November 2019 as development 
dataset. Data collected between November 29th, 2019 and May 6th, 2021 were used as a 
hold-out test dataset. 

Participants 
All patients were invited to complete patient-reported outcome measures (PROMs) 
preoperatively and postoperatively as part of routine outcome measurements. We included 
all patients who were surgically treated with a mini-open CTR21 at Xpert Clinics between 
2011 and 2019 and who completed at least the Boston Carpal Tunnel Questionnaire (BCTQ) 
before and six months after surgery. Xpert Clinics comprises 25 locations and 23 European 
Board certified hand surgeons. All patients provided written informed consent. Ethics 
approval from the local ethics board was obtained. 

Outcome 
The BCTQ is a validated PROM specifically developed for CTS.22 The BCTQ contains the 
subscales "Symptom severity scale (SSS)" and "Functional status scale (FSS)", consisting 
of eleven and eight questions, respectively. Scores for each subscale range from 1-5 (1=no 
functional impairment, 5=extreme functional impairment). We calculated a change score 
for each subscale and dichotomized these change scores as "reached minimal clinically 
important difference (MCID)" or "did not reach MCID". A threshold of 0.8 was used as the 
MCID for the BCTQ-SSS, as previously suggested.23

Predictors 
Patient characteristics, medical history, and baseline PROM scores were used as predictors 
(Supplemental Table 1). Besides the BCTQ, patients treated in our clinic are invited to 
complete questionnaires on medical history, pain and hand function, and psychosocial 
factors. Pain and hand function are measured using Visual Analog Scales (0-100). From 
September 2017 onwards, we invited patients to complete the Euro-QoL-5D-5L (EQ5D), 
the Credibility and Expectancy questionnaire (CEQ), the Patient Health Questionnaire-4 
(PHQ), the Pain Catastrophizing Scale (PCS) and the Brief Illness Perception Questionnaire 
(B-IPQ) to measure mindset.24-28 The subscales of these questionnaires were used in the 
analysis. 
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Sample size 
The number of patients treated until December 2019 determined the sample size of the 
development dataset. For the test dataset, patients were included until this dataset consisted 
of at least 10% of the patients in the development dataset. 

Missing data 
We expected missingness in the mindset questionnaires, since these data are only collected 
since September 2017. Additionally, missing data were expected in medical history, since 
some patients complete this questionnaire on paper in the waiting room. Because these data 
are most likely missing at random, and data on mindset and medical history might improve 
predictions, we imputed these. To help distinguish between missing data of patients who 
were not invited to complete the mindset questionnaires and patients who were invited, but 
did not participate, we created an indicator variable, which was used during imputation. 
Previously, it has been reported that datasets with up to 90% missingness can be safely 
imputed with multiple imputation.29 Variables with more than 90% missing were excluded 
from analysis rather than imputed (Supplemental Table 1). 

We imputed missing data using "K-nearest neighbors (KNN)"-imputation from the Caret 
package,30 with K=5. We tested whether imputation would negatively affect predictive 
performance of the models, which was not the case (Supplemental material A). We therefore 
used the above-mentioned imputation in all models. 

Statistical analysis 
The development dataset was randomly split in a training (75%) and validation dataset 
(25%). After splitting the data, standardization and KNN-imputation was performed. 
Predictors with near-zero variance were removed (Supplemental Table 1). Three algorithms 
(one statistical algorithm and two machine learning algorithms) were considered: logistic 
regression, Random Forest, and Gradient Boosting Machines, respectively. We selected 
Random Forest and Gradient Boosting Machines because they are frequently used, 
reasonably intuitive because of similarities with decision trees, and good performance has 
been reported.31-33 

The two outcome classes (reached MCID or not) did not occur equally often, therefore 
downsampling and upsampling were incorporated into the variable selection to allow the 
algorithms to also learn from the minority class.34,35 Variable selection was performed using 
recursive feature elimination with 5-repeats of 10-fold cross-validation. This is a type of 
backwards selection, where variables are ranked on their importance.36 For each algorithm, 
from the three recursive feature elimination models trained with either upsampling, 
downsampling, or without sampling, the most promising (lowest number of variables and 
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best discriminative ability (AUC)) was selected for further performance evaluation (Figure 
1). DeLong tests were used to detect significant differences in AUC. 

For each algorithm, one model with the variables selected in recursive feature elimination 
was fitted on the original training dataset. The models were optimized by selecting the 
best values for the hyperparameters (e.g., number of trees in a random forest), which were 
obtained from 5-repeats of 10-fold cross-validation. Afterwards, the performance of the 
models was assessed in the validation dataset in terms of AUC and calibration. Calibration 
was visually assessed using calibration belts37, which is a method to assess reliability of 
the predictions. 

We then compared performance of the three optimized models (i.e., one for each algorithm) 
to establish which model had the best AUC while also having a limited number of predictors 
and good calibration. This model was further evaluated on a test dataset that was held out 
from the start of model building. In this test dataset, we evaluated model performance in 
terms of AUC value, calibration, sensitivity, and specificity. 

We present the final model as online app, which was created in R Shiny (R Studio). 
We followed the recommendations of the Dutch National Healthcare Institute on presenting 
quality information, such as PROMs, to consumers.38 This resulted in presenting the 
predicted probability of improvement using population icons. We designed the app for 
joint usage by clinicians and patients during the consultation, as part of the shared decision-
making process, to allow the clinician to answer any questions the patient has. The online 
app currently does not have CE-marking. 

Analyses were performed in R statistical programming (The R project for statistical 
computing), version 3.6.3. Prediction models were trained in the Caret package version 
6.0-86. A p-value < 0.05 was considered statistically significant. 

RESULTS 

Between November 2011 and November 28th, 2019, 5095 patients were treated with CTR in 
our clinic. After applying the eligibility criteria, 2119 patients were included in the training 
dataset (N=1590) and validation dataset (N=529). Patient characteristics in the three groups 
are shown in Table 1. Patient-reported outcomes at baseline and six months postoperatively 
are reported in Table 2 and 3, respectively. 1152 patients (72.4%) in the training dataset and 
384 patients (72.6%) in the validation dataset reached the MCID threshold of 0.8 on the 
BCTQ-SSS. The hold-out test dataset consisted of the 397 most recently treated patients, 
who may be more representable of new patients considering CTR.  

Recursive feature elimination with either upsampling, downsampling or without sampling, 
resulted in three models per algorithm with 5–30 predictors (Table 4). All models identified 
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baseline BCTQ-SSS as the most important variable. Based on performance during cross-
validation in the training dataset, we chose for each algorithm which variables should 
be used for model training. After training three models (one for each algorithm) on the 
original training dataset, AUC in the validation dataset ranged between 0.735–0.782 (Table 
4). Sensitivity ranged between 0.66–0.91 and specificity ranged between 0.46–0.77. For all 
models, visual inspection of calibration belts (Supplementary Figure 1ABC) showed 
adequate calibration in the validation dataset. 

The downsampled Gradient Boosting Machine model required the lowest number of 
predictors, while having the highest AUC (0.782) in the validation dataset, and was therefore 
selected for further testing on a held-out test dataset of new patients. In the hold-out test 
dataset, AUC of this model was 0.723, sensitivity was 0.77, and specificity was 0.55 at 
a threshold of 0.75 (Table 5). Positive and negative predictive value were 0.50 and 0.81, 
respectively. This model's calibration belt indicates good calibration (Figure 2). 

The final model is presented as Shiny web application, accessible via: https://analyse.
equipezorgbedrijven.nl/shiny/cts-prediction-model-Eng/. On the left, all mandatory 
variables can be filled in. The model requires five PROM scores as mandatory input. In case 
one or more scores are unknown, they can be calculated by completing the individual 
questions (maximum of 18 when all scores are unknown). After clicking "Calculate your 
prediction", a prediction for the probability of at least 0.8 improvement on the BCTQ-SSS 
will be generated for an individual patient, based on the information supplied. 

DISCUSSION 

In this study, we developed and validated a model to predict the probability of clinically-
relevant patient-reported symptom improvement at six months after CTR. The best model 
was a Gradient Boosting Machine with five baseline PROM scores as predictors. The model 
had a reasonable discriminative ability, good calibration, high sensitivity and reasonable 
specificity in a hold-out test dataset. 

Previous studies have investigated outcome prediction after CTR.11,39-42 However, these 
studies generally had a small sample size with a maximum of 145 patients.39-41 None of these 
studies validated their model on a separate dataset, which is essential before a model can 
be used in clinical practice.43 In contrast to these studies, Bowman et al.44 have developed 
and validated two prediction models for self-reported improvement one to three years after 
CTR. These prediction models, however, each require over twenty predictors, including 
nerve conduction outcomes, and have an AUC of 0.69–0.70. The model we developed has 
a similar discriminative ability (AUC 0.72) while requiring only five PROM scores as 
predictors. 
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Previously, similar prediction models have been developed for clinically-relevant 
improvement following lumbar spinal stenosis decompression (AUC 0.68–0.79),45 surgery 
for degenerative cervical myelopathy (AUC 0.70),46 and total joint arthroplasty (AUC 0.78-
0.97).47-49 While the performance of our model is comparable to Siccoli et al.,45 and Bowman 
et al.,44 some prediction models currently available in orthopaedics appear to have better 
discrimination.47-49 A possible explanation could be that in general, larger datasets are 
available in the field of orthopaedics. Alternatively, it could be that treatment outcomes of 
CTR vary more than outcomes of total joint arthroplasty, and are therefore more difficult 
to accurately predict. 

Strengths and limitations 
Strengths of this study were that we developed a prediction model for symptom improvement 
after CTR on a large real-life dataset, which leads to high generalizability. Additionally, 
we validated this model on a hold-out test dataset of the most recently treated patients, 
therefore testing how the model would perform when used for new patients considering 
CTR. Moreover, the developed model is publicly available online. 

However, this study also has some limitations. We defined clinically-relevant improvement 
in symptoms as reaching at least the MCID of 0.8 on the BCTQ-SSS.23 However, an 
improvement of 0.8 may not be equally relevant for all individual patients. We therefore 
believe that is important to communicate what our prediction model exactly predicts. 
Additionally, because this MCID threshold has been calculated for a large group of CTR 
patients, we believe that it is still a relevant outcome for most patients. 

The probability of reaching the MCID is dependent on the baseline score.47,50 There are 
studies that provide threshold values of baseline scores as decision aid in the choice for 
surgery.51-53 Indeed, our models identified baseline BCTQ-SSS as most important variable. 
Still, we argue that it makes sense to use this data to predict the probability of clinically-
relevant improvement since the baseline BCTQ-SSS is preoperatively available to clinicians 
and indicates symptom severity.   

Additionally, missing data affected the dataset used to develop this prediction model. 
All patients treated in our clinic are invited to complete PROMs, which leads to a higher 
non-response proportion than may be expected in a controlled trial. However, in our 
opinion, these data reflect daily clinical practice. Moreover, the psychosocial factors had 
a large proportion of missing data, mainly because they have only been collected since 
2017. Because we believed that these factors could be relevant for the prediction model, we 
applied imputation. Even though the missing data mechanisms might differ between the 
development dataset and the more recent hold-out test dataset, model performance was still 
reasonable in the hold-out dataset, which best represents new patients considering CTR. 
We therefore believe this will not be an issue. 
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In our dataset, patient demographics, patient-reported outcomes, and certain psychosocial 
variables were available. Other potentially relevant variables, such as nerve conduction 
outcomes or neurological examination, were not available. During variable selection, only 
patient-reported outcomes were selected as best predictors, which may be counterintuitive 
for clinicians. Further studies comparing accuracy of predictions made by clinicians 
to predictions made by prediction models may help to assess the ecological validity of 
our prediction model. Moreover, adding clinical variables might further improve the 
performance of our model. Possibly, our model can be updated and validated further in 
independent datasets with other relevant variables available.54,55

Implications and future research 
Previously, pretreatment expectations have been related to treatment outcomes, such as 
satisfaction.56 Kadzielski et al., therefore, conclude that patients should receive realistic 
information on the expected outcome of treatment. Our prediction model helps to provide 
patients with realistic, individualized outcome information for patients considering CTR. 

Possibly, providing patients with a prediction of their outcome might impact pretreatment 
expectations, patients’ experiences with the treatment, and possibly even treatment 
outcomes. Whether providing patients with an individualized prediction affects preoperative 
and postoperative patient-reported outcomes should be evaluated in future studies.57 

CONCLUSION 

In this study, we developed and validated a prediction model for the probability of patient-
reported improvement in symptoms six months after CTR. The model had a reasonable 
discriminative ability, good calibration, high sensitivity and reasonable specificity in a 
hold-out test dataset. The model is available online. Possibly, using the prediction model in 
pretreatment counselling will help shared decision making and expectation management. 
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Figure 1. Flowchart of training, selecting, and validating prediction models

Figure 2. Calibration belt of the selected prediction model in the hold-out test dataset. The predicted 
probability of symptom improvement compared to the observed probability of symptom improvement 
is shown. Perfect calibration is indicated as red line and the confidence interval of the calibration of the 
prediction model is shown in grey. The entire red line falls within the confidence interval, indicating no 
significant deviation in calibration between the predicted and observed probability of improvement. 
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Table 1. Patient characteristics in train, validation, and test data. 

Training 
dataset 
(N=1590)

% 
missing

Validation 
dataset
(N=529)

% 
missing

Test 
dataset
(N=397)

% 
missing

Age (in years) 55.6 (12.9) 0 55.6 (12.7) 0 55.8 (12.9) 0

Sex (%) 0 0 0

Female 1135 (71.4) 365 (69.0) 278 (70.0)

Duration of symptoms 
(in months)

24.9 (37.4) 0 29.5 (55.0) 0 21.1 (29.4) 0

Primary CTS (%) 0 0 0.3

Yes 1442 (90.7) 486 (91.9) 359 (90.7)

Hand dominance (%) 0 0 0.3

 Right 1409 (88.6) 464 (87.7) 349 (88.1)

 Left 137 (8.6) 44 (8.3) 40 (10.1)

 Both 44 (2.8) 21 (4.0) 7 (1.8)

Affected side (%) 0 0 0

 Right 930 (58.5) 311 (58.8) 216 (54.4)

Occupational intensity 
(%)

0 0 0

Not employed 602 (37.9) 206 (38.9) 154 (38.8)

 Light 333 (20.9) 125 (23.6) 88 (22.2)

 Moderate 430 (27.0) 133 (25.1) 108 (27.2)

 Severe 225 (14.2) 65 (12.3) 47 (11.8)

Body Mass Index 27.5 (5.2) 13.6 27.5 (4.7) 11.9 28.0 (4.8) 11.6

Diabetes mellitus (%) 13.6 11.9 11.6

Yes 85 (6.2) 23 (5.2) 29 (8.3)

Smoking (%) 30.0 26.5 16.1

Never 580 (52.1) 193 (50.4) 150 (45.0)

* Values reported as mean (SD) unless stated otherwise 
CTS = Carpal tunnel syndrome; SD = Standard deviation 
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Table 2. Patient-reported outcome scores at baseline 
Range Training 

dataset 
(N=1590)

% 
missing

Validation 
dataset
(N=529)

% 
missing

Test 
dataset
(N=397)

% 
missing

BCTQ SSS 1-5 2.85 (0.65)   0 2.88 (0.65)   0 2.89 (0.69) 0
BCTQ FSS 1-5 2.46 (0.78)   0 2.44 (0.78)   0 2.48 (0.81) 0
VAS average pain 0-100 53 (25) 2.5 53 (26)  2.1 51 (26) 2.0
VAS pain at rest 0-100 49 (26) 2.5 48 (26)  2.1 46 (26) 2.0
VAS pain during 
load

0-100 57 (27) 2.5 56 (26)  2.1 57 (28) 2.0

VAS hand 
function

0-100 47 (24) 2.5 46 (24)  2.1 50 (24) 2.0

VAS satisfaction 0-100 30 (23) 2.5 30 (22)  2.1 35 (25) 2.0
EQ5D mobility 1-5 1.27 (0.65)   66.2 1.37 (0.78)   60.9 1.33 (0.72) 3.0
EQ5D selfcare 1-5 1.33 (0.67)   66.2 1.37 (0.67)   60.9 1.39 (0.69) 3.0
EQ5D activities 
of daily living

1-5 2.28 (1.00)   66.2 2.32 (1.07)   60.9 2.36 (1.03) 3.0

EQ5D pain and 
discomfort

1-5 2.80 (0.85)   66.2 2.79 (0.89)   60.9 2.78 (0.87) 3.0

EQ5D anxiety 
and depression

1-5 1.34 (0.72)   66.2 1.41 (0.72)   60.9 1.32 (0.68) 3.0

PCS 
magnification

0-24 2.0 (2.2)   70.3 1.9 (2.2)   65.2 1.9 (2.2) 4.0

PCS helplessness 0-12 6.1 (5.1)   70.3 5.7 (4.9)   65.2 5.9 (5.2) 4.0
PCS rumination 0-16 5.2 (3.9)   70.3 4.9 (3.7) 65.2 5.1 (3.9) 4.0
PHQ-4 
depression

0-6 0.77 (1.33)   70.4 0.64 (1.15)   64.7 0.70 (1.32) 2.3

PHQ-4 anxiety 0-6 0.92 (1.48)   70.4 0.74 (1.20)   64.7 0.83 (1.43) 2.3
CEQ expectancy 3-27 23.4 (3.2)  70.3 23.3 (3.2)   65.0 23.3 (3.3) 3.0
CEQ credibility 3-27 23.9 (3.1)  70.3 23.9 (2.9)   65.0 24.2 (2.7) 3.0
B-IPQ 
consequences

1-10 6.9 (2.3)   70.1 6.8 (2.2)   64.7 7.0 (2.1) 4.0

B-IPQ timeline 1-10 4.9 (2.5)   70.1 4.6 (2.4)   64.7 5.1 (2.4) 4.0
B-IPQ personal 
control

1-10 4.1 (2.5)   70.1 4.1 (2.5)   64.7 4.2 (2.3) 4.0

B-IPQ treatment 
control

1-10 8.5 (1.3)   70.1 8.5 (1.4)   64.7 8.5 (1.3) 4.0

B-IPQ identity 1-10 6.6 (2.3)   70.1 6.7 (2.1)   64.7 6.6 (2.4) 4.0
B-IPQ concern 1-10 5.6 (2.7)   70.1 5.8 (2.5)   64.7 5.5 (2.8) 4.0
B-IPQ 
understanding

1-10 8.0 (2.2)   70.1 8.1 (2.0)   64.7 8.1 (2.0) 4.0

B-IPQ emotional 
response

1-10 4.5 (3.1)   70.1 4.6 (3.0)   64.7 4.3 (3.0) 4.0

* Values reported as mean (SD) unless stated otherwise 
BCTQ = Boston carpal tunnel syndrome; B-IPQ = Brief illness perception questionnaire; CEQ = Credibility/
Expectancy Questionnaire; EQ5D = Euro-QoL-5D-5L; FSS = Functional status scale; PCS = Pain catastrophizing 
scale; PHQ = Patient health questionnaire-4; SD = Standard deviation; SSS = Symptom severity scale; VAS = 
Visual analog scale 
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Table 3. Patient-reported outcome scores six months postoperatively. 

Range Training 
dataset 
(N=1590)

% 
missing

Validation 
dataset
(N=529)

% 
missing

Test 
dataset
(N=397)

% 
missing

BCTQ SSS 1-5 1.60 (0.62) 0 1.60 (0.63) 0 1.67 (0.73) 0

BCTQ FSS 1-5 1.61 (0.68) 0 1.58 (0.67) 0 1.66 (0.72) 0

VAS average 
pain

0-100 17 (23) 0.9 17 (23) 1.3 20 (26) 1.3

VAS pain at 
rest

0-100 14 (22) 0.9 14 (21) 1.3 17 (26) 1.3

VAS pain 
during load

0-100 21 (26) 0.9 22 (26) 1.3 24 (29) 1.3

VAS hand 
function

0-100 75 (29) 0.9 76 (28) 1.3 77 (27) 1.3

VAS 
satisfaction

0-100 74 (30) 0.9 75 (28) 1.3 75 (30) 1.3

* Values reported as mean (SD) unless stated otherwise 
BCTQ = Boston carpal tunnel syndrome; FSS = Functional status scale; SD = Standard deviation; SSS = Symptom 
severity scale; VAS = Visual analog scale 
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MACHINE LEARNING CAN BE USED 
TO PREDICT FUNCTION BUT NOT 

PAIN AFTER SURGERY FOR THUMB 
CARPOMETACARPAL OSTEOARTHRITIS 

Loos, N. L., Hoogendam, L., Souer, J. S., Slijper, H. P., Andrinopoulou, E. R., Coppieters, 
M. W., Selles, R. W., The Hand-Wrist Study Group (2022). Clinical orthopaedics and 

related research, 480(7), 1271–1284. 
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ABSTRACT 

Background 
Surgery for thumb carpometacarpal osteoarthritis is offered to patients who do not benefit 
from nonoperative treatment. Although surgery is generally successful in reducing 
symptoms, not all patients benefit. Predicting clinical improvement after surgery could 
provide decision-support and enhance preoperative patient selection. 

Questions/purposes 
This study aimed to develop and validate prediction models for clinically important 
improvement in (1) pain and (2) hand function 12 months after surgery for thumb 
carpometacarpal osteoarthritis. 

Methods 
Between November 2011 and June 2020, 2653 patients were surgically treated for 
thumb carpometacarpal osteoarthritis. Patient-reported outcome measures were used to 
preoperatively assess pain, hand function, and satisfaction with hand function, as well as the 
general mental health of patients and mindset toward their condition. Patient characteristics, 
medical history, patient-reported symptom severity, and patient-reported mindset were 
considered as possible predictors. 

Patients who had incomplete Michigan Hand outcomes Questionnaires at baseline or 
12 months post-surgery were excluded, as these scores were used to determine clinical 
improvement. The Michigan Hand outcome Questionnaires provides subscores for pain and 
hand function. Scores range from 0 to 100, with higher scores indicating less pain and better 
hand function. An improvement of at least the minimum clinically important difference 
(MCID) of 14.4 for the pain score and 11.7 for the function score were considered “clinically 
relevant”. These values were derived from previous reports that provided triangulated 
estimates of two anchor-based and one distribution-based MCID. Data collection resulted 
in a dataset of 1489 patients for the pain model and 1469 patients for the hand function 
model. The data were split into training (60%), validation (20%), and test (20%) datasets. 
The training dataset was used to select the predictive variables and to train our models. 
The performance of all models was evaluated in the validation dataset, after which one 
model was selected for further evaluation. Performance of this final model was evaluated on 
the test data set. We trained the models using logistic regression, random forest, and gradient 
boosting machines and compared their performance. We chose these algorithms because 
of their relative simplicity, which makes them easier to implement and interpret. Model 
performance was assessed using discriminative ability and qualitative visual inspection of 
calibration curves. Discrimination was measured using area under the curve (AUC) and is 
a measure of how well the model can differentiate between the outcomes (improvement or 
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no improvement), with an AUC of 0.5 being equal to chance. Calibration is a measure of 
the agreement between the predicted probabilities and the observed frequencies and was 
assessed by visual inspection of calibration curves. We selected the model with the most 
promising performance for clinical implementation (that is, good model performance and 
a low number of predictors) for further evaluation in the test dataset. 

Results 
For pain, the random forest model showed the most promising results based on 
discrimination, calibration, and number of predictors in the validation dataset. In the test 
dataset, this pain model had a poor AUC (0.59) and poor calibration. For function, the 
gradient boosting machine showed the most promising results in the validation dataset. 
This model had a good area under the curve (0.74) and good calibration in the test dataset. 
The baseline Michigan Hand outcomes Questionnaire hand function score was the only 
predictor in the model. For the hand function model, we made a web application that can 
be accessed via: https://analyse.equipezorgbedrijven.nl/shiny/cmc1-prediction-model-Eng/. 

Conclusion 
We developed a promising model that may allow clinicians to predict the chance of functional 
improvement in an individual patient undergoing surgery for thumb carpometacarpal 
osteoarthritis, which would thereby help in the decision-making process. However, caution 
is warranted because our model has not been externally validated. Unfortunately, the 
performance of the prediction model for pain is insufficient for application in clinical 
practice. 
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INTRODUCTION 

Thumb carpometacarpal (CMC1) osteoarthritis (OA) is common and increases in frequency 
with age. The symptomatic prevalence is 2% in men and 7% in women older than 50 years 
[20, 35, 46]. The disorder can lead to impaired hand function because of pain, weakness, 
loss of motion, and progressive deformity [3, 4]. Initial treatment options are nonsurgical, 
but surgical treatment might be indicated for a subset of patients who have persistent pain 
and disability. Although surgical treatment is generally successful in reducing symptoms, 
not all patients experience benefits from surgery, and some may not be satisfied with their 
treatment [3, 34, 48]. 

Pain reduction is generally the most important reason for patients seeking surgical 
treatment for CMC1 OA, followed by improving hand function [17]. Therefore, it would 
be useful to be able to accurately predict whether a patient will experience a clinically 
meaningful reduction in pain and improvement in hand function after surgery. This 
would help in the decision-making process, help manage patients’ expectations, and assist 
clinicians in determining which patients will benefit from surgery; this may lead to better 
preoperative patient selection and may improve the likelihood that patients will be pleased 
with their surgical results [34]. However, determining which patients will benefit from 
surgical treatment is challenging because many factors may influence outcomes, such as 
demographics, clinical characteristics, and psychosocial profiles [12, 26, 36, 47]. Thus, 
developing and implementing tools that accurately predict clinical improvement would 
be valuable. At present, there are no prediction models available to predict clinically 
meaningful improvement after the surgical treatment of CMC1 OA. 

Machine learning is a type of artificial intelligence that is seeing wider use in healthcare and 
is increasingly being used to develop prediction models [9]. In a recent editorial, Clinical 
Orthopaedics and Related Research® highlighted the potential value of machine learning 
in clinical research [29]. Machine learning is based on algorithms that can build models 
which learn from sample data to make predictions without being explicitly programmed 
to do so [53]. The models are trained on a training dataset and then evaluated on one 
or two other datasets (validation and test datasets) [53]. Machine-learning methods can 
develop models based on large quantities of possible predictive variables and process large 
amounts of data [6]. Therefore, these algorithms may be better able to identify patterns 
in large datasets than traditional statistical methods, which may lead to better predictive 
performance [31]. 

We aimed to develop and validate two prediction models using machine-learning methods 
to forecast the probability of clinically meaningful improvement in (1) pain and (2) hand 
function of patients 12 months after surgery for CMC1 OA. More specifically, in separate 
models, we focused on predicting pain reduction and improvement in hand function. 
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We trained and validated our models using different algorithms: one traditional statistical 
method and two commonly used machine-learning algorithms. 

PATIENTS AND METHODS 

Study Population 
We conducted a retrospective study using longitudinally maintained data from the Hand-
Wrist Study Group, which is a collaboration between the Xpert Clinics Hand and Wrist Care 
and the Departments of Rehabilitation Medicine and Plastic and Reconstructive Surgery 
of Erasmus Medical Centre in Rotterdam, the Netherlands. The Xpert Clinics comprise 25 
locations and 23 European board-certified (Federation of European Societies for Surgery of 
the Hand) hand surgeons. The cohort and data collection methods have been described in 
more detail elsewhere [41]. We used data collected between November 2011 and June 2020. 
All patients were asked to complete patient-reported outcome measures before surgery and 
12 months after surgery as part of routine outcome measurements. 

We included all patients who received surgery for CMC1 OA (trapeziectomy with ligament 
reconstruction and tendon interposition (LRTI) [8, 16, 42, 51]), and completed the Michigan 
Hand outcomes Questionnaire (MHQ) at baseline and 12 months after surgery. Patients 
with an incomplete MHQ were included if they had a complete MHQ pain score for the 
development of our pain model and a complete MHQ function score for the development 
of our hand function model. We excluded patients who underwent revision surgery and 
patients treated with a different surgical technique than trapeziectomy with ligament 
reconstruction and tendon interposition because these procedures are not performed 
routinely in our clinics. 

Patients 

Diagnosis and Treatment 

Diagnoses were made by European board-certified hand surgeons based on clinical 
symptoms and, when required, additional radiographs of the CMC1 joint. In general, 
surgery was recommended to patients who did not improve after at least 3 months of 
nonoperative treatment consisting of hand therapy and braces. In our clinics, this is about 
15% of patients [45], and surgery generally consists of trapeziectomy with ligament 
reconstruction and tendon interposition. The choice of tendonplasty after trapeziectomy 
depended on the surgeon’s preference, which is most likely influenced by the location of 
residency. The most performed procedure in our clinics is the Weilby sling [51]. Given 
that the type of tendonplasty was not structurally recorded with sufficient detail in the 
dataset, we did not include this as possible predictor for our models. We did not expect 
this to influence our results because there is no evidence that one tendonplasty is superior 
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regarding improvement in pain, hand function, and patient-reported outcome measures 
[48, 49]. 

During the data collection period, 2653 patients were surgically treated for CMC1 OA, 
excluding revision surgeries. Of those patients, 68% (1794) were treated with the Weilby 
sling procedure. After excluding patients who did not have complete MHQ score data for 
pain or function, 1489 patients were included in the prediction model development for pain 
and 1469 patients were included in the model development for hand function (Fig. 1). We 
performed two nonresponder analyses. One nonresponder analysis was conducted between 
all patients who were surgically treated for CMC1 OA and those who were included in our 
datasets for pain (Supplementary Table 1; supplemental materials are available with the 
online version of CORR®) and for function (Supplementary Table 2; supplemental materials 
are available with the online version of CORR®); the other was for patients with missing 
MHQ scores at 12-months for pain (Supplementary Table 3; supplemental materials are 
available with the online version of CORR®) and for function (Supplementary Table 4; 
supplemental materials are available with the online version of CORR®). Although we found 
differences in both analyses in symptom duration, second opinion (yes/no), and smoking, 
these were small effects with a maximum effect size of 0.12.

In the dataset for pain, mean age was 61 ± 8 years and 79% (1178 of 1489) were women. 
Of these patients, 47% (704 of 1489) were unemployed. Average preoperative MHQ pain 
score was 34.3 and average preoperative MHQ hand function score was 48.9. The most 
common comorbidities were other disorders of the locomotor system (23% [345 of 1489] 
of patients) and rheumatic disorders (17% [251 of 1489] of patients) (Table 1). Patient 
characteristics for the hand function model development were similar to those for the pain 
model (Table 2). 

Primary Outcome 
To assess symptom relief after surgery, we used the difference in the MHQ scores between 
baseline and 12 months after surgery [11]. The MHQ is a self-reported questionnaire 
developed for all conditions of the hand. It provides a summary score and subscores for 
pain, hand function, ability to complete daily activities, work performance, aesthetics, 
and satisfaction separately. Scores range from 0 to 100, with higher scores indicating 
better health [11]. In this study, we focused on the pain and function scores of the MHQ. 
The Dutch-language version of the MHQ was used [11, 25]. 

We defined the threshold for a clinically meaningful improvement as having an increase 
of at least 14.4 and 11.7 points on the MHQ pain score and function score, respectively. 
These thresholds are based on the minimum clinically important differences (MCID). 
The MCIDs we used are triangulated estimates of three calculation methods: two anchor-
based question methods and one statistical distribution method. They were calculated 
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for patients with atraumatic hand and wrist conditions [32]. These MCIDs were chosen 
because determination of MCIDs based on triangulation of multiple calculation methods is 
recommended [40]. Furthermore, to our knowledge, there are currently no MCIDs available 
for the MHQ that are specifically determined for CMC1 OA [32]. We dichotomized each 
patient’s change in score between baseline and 12 months as threshold reached or threshold 
not reached. The prediction models were trained to predict whether a patient would reach 
the threshold and thus benefit from surgery. The outcome of each model represents the 
predicted probability of reaching the threshold for the individual patient. 

We also included patients with an MHQ score at intake higher than 85.6 for pain and greater 
than 88.3 for hand function. These patients could not experience an improvement of 14.4 
or 11.7, respectively, because of a ceiling effect. Therefore, the chance of these patients 
reaching the MCID after 12 months was, per definition, zero. However, to provide our 
model with the opportunity to also learn from these patients, we decided not to exclude 
them. 

Measurements 
We considered several baseline measurements as possible predictors for our models 
(Supplementary Table 5; supplemental materials are available with the online version of 
CORR®). Sociodemographic characteristics such as age, gender, BMI, and occupation as 
well as medical history, including comorbidities, were collected at intake. 

Strength was measured at intake using a Biometrics E-link handgrip dynamometer 
(Biometrics Ltd). Strength measurements included grip strength, key pinch strength, and 
tip pinch strength. All measurements were performed according to the guidelines of the 
American Society of Hand Therapists [14]. 

Patient-reported outcome measure questionnaires were sent by email after consultation 
with the hand surgeon. The VAS was used to measure pain at rest and during loading, hand 
function, and satisfaction with hand function. Each subscale ranged from 0 to 100, with 
a higher score representing more pain but better hand function and greater satisfaction. 
The patient’s mindset toward their condition and treatment as well as their general mental 
health and quality of life were measured using several patient-reported outcome measures: 
the Brief Illness Perception Questionnaire, Credibility and Expectancy Questionnaire, the 
Patient Health Questionnaire-4, the Pain Catastrophizing Scale, and Euro-QoL-5D-5L. 
The Dutch-language versions of all questionnaires were used [7, 13, 21, 27, 44]. We continue 
to improve our data collection and add new variables to the routine measurements. 
For example, the psychological questionnaires were added in September 2017. Therefore, 
only patients treated after September 2017 were invited to complete the psychological 
questionnaires. For the pain model, 248 patients were enrolled after September 2017 and 
for function 234 patients were enrolled. 
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Missing Data 
There was a substantial proportion of missing data on mindset because only patients 
who were included between September 2017 and June 2020 were asked to complete these 
questionnaires. Furthermore, there was also a substantial number of nonresponders to the 
other measurements because these measures were collected as part of daily clinical practice. 
Therefore, we performed a nonresponder analysis by comparing baseline characteristics. 
We imputed data using the k-nearest-neighbor imputation implementation in the Caret 
package [28], as missingness is most likely missing completely at random or missing at 
random. Madley-Dowd et al. [33] reported that datasets with up to 90% of missing data 
can be reasonably imputed using multiple imputation. 

Data Splitting and Measurements of Performance 
Patient-reported outcome measures, sociodemographic characteristics, and strength of 
the affected hand before surgery were considered as possible predictors in our models. 
To avoid overfitting and to base decisions for the most promising model(s) on, we split the 
resulting data into training (60%), validation (20%), and test datasets (20%) (Fig. 2). Both 
the validation dataset and test dataset refer to a sample of the dataset that is separate 
from the training dataset [53]. To select the algorithm for our final model, we applied 
all algorithms to the validation dataset and selected the one with the most promising 
performance in terms of (1) discrimination, (2) calibration, and (3) the number of predictors 
as our final model. We also took the number of predictors into account because we believe a 
low number of predictors will make the model easier to implement and use in daily practice. 
The test dataset was then used to evaluate the performance of this final model based on 
discrimination and calibration. 

The random split of the dataset for the pain model (1489) resulted in a training dataset of 
894 patients, a validation dataset of 298 patients, and a test dataset of 297 patients. In the 
training dataset, 73% (653 of 894) of patients reached the MCID threshold of 14.4 points 
on the MHQ pain scale. In both the validation (218 of 298) and test (217 of 297) datasets, 
73% of patients reached the MCID threshold. 

The dataset for the hand function model (1469) was randomly split into a training dataset 
of 883 patients, a validation dataset of 293, and a test dataset of 293. In the training dataset, 
56% (494 of 883) of patients reached the MCID threshold of 11.7 points on the MHQ 
function scale. In both the validation dataset and test dataset, 56% (164 of 293) of patients 
reached the MCID threshold. 

For the dataset for the pain model development (Supplementary Table 6; supplemental 
materials are available with the online version of CORR®) and the dataset for the hand 
function development (Supplementary Table 7; supplemental materials are available with 
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the online version of CORR®), there were no important differences in patient characteristics 
and preoperative PROMs values between the train, validation, and test datasets. 

Ethical Approval 
The medical ethics review board at Erasmus Medical Centre approved the study. This study 
was reported according to the guidelines of the Transparent Reporting of a Multivariable 
Prediction Model for Individual Prognosis or Diagnosis statement [37]. All patients 
provided written informed consent for their data to be used for research purposes. 

Statistical Analysis and Machine Learning 
After splitting the data, we standardized the data and imputed missing data. Standardization 
consisted of centering and scaling the data [53]. When standardization and imputation 
are performed before splitting the data, the validation and test dataset are not completely 
independent, which can result in a model performance that is too optimistic. Therefore, 
we performed standardization and imputation after splitting. 

We compared three algorithms: logistic regression (generalized linear models), random 
forest, and gradient boosting machines. Logistic regression is a traditional regression-based 
statistical model. Random forest and gradient boosting machines are decision tree-based 
machine-learning models. We decided to use gradient boosting machine and random forest 
algorithms as our machine learning algorithms for several reasons. First, they are relatively 
simple to implement, and because of their similarities with decision trees, they are easier 
to interpret than other, more complex algorithms [53]. Second, they are computationally 
less expensive and require less extensive datasets [6, 31, 53]. We selected variables for our 
models using recursive feature elimination with five repeats of 10-fold cross-validation in 
each training dataset (Fig. 2). Recursive feature elimination can be considered as backward 
selection of predictive variables. It starts by building a model that includes all variables 
as predictors. For each predictor, an importance score is computed, and predictors with 
the lowest score are removed. Then the model is rebuilt, and the process is repeated until 
model performance decreases by removing another variable [19]. 

Because the surgical treatment of CMC1 OA is generally successful [48], we expected more 
patients in the threshold-reached group than in the threshold-not-reached group. This was 
confirmed by a preliminary analysis for the MCID for pain, with 73% in the threshold-
reached group, and 27% of patients in the threshold-not-reached group. To account for this 
imbalance, we incorporated resampling in the feature elimination process. Thus, for our 
pain model, we performed recursive feature elimination three times for each machine-
learning algorithm: without sampling, with up-sampling, and with down-sampling. With 
up-sampling, randomly selected patients are duplicated in the minority group, and with 
down-sampling, randomly selected patients are removed from the majority group. Because 
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the resampling methods have disadvantages [10], we tested both. A preliminary analysis 
of the MCID for hand function showed the data were sufficiently balanced, with 56% 
in the threshold-reached group and 44% of patients in the threshold-not-reached group. 
Therefore, resampling was not needed in the function dataset. For each machine-learning 
algorithm for pain, the best-performing resampling method was selected based on area 
under the curve (AUC) values and the number of predictors. The AUC is a measure of 
the discriminative ability of a model; that is, the ability of the model to classify the two 
different groups correctly [23]. The models with the most promising performance were 
then used for further analysis. 

The selected models, one from each machine-learning algorithm and with the predictive 
variables selected using recursive feature elimination, were trained in the original training 
set. After training the models, we analyzed performance in the validation set using AUC 
values and calibration. Calibration is a measure of the model’s fit and refers to the agreement 
between predicted probabilities and the observed frequency of the outcome [15]. In other 
words, this indicates whether, for example, out of 10 patients with a predicted probability 
to improve of 0.6, we observe that six patients actually improved. Calibration was visually 
assessed using calibration curves [15, 24, 38]. The model performs well on calibration when 
the calibration curve is close to the bisector. If the calibration curve lies above the bisector, 
it means the model underestimates the probability of the patient reaching the MCID; if 
the calibration curve lies under the bisector, the model overestimates the probability. 
The confidence belts represent the estimated degree of uncertainty of the calibration curve 
[15]. We then selected the algorithm with the best AUC and calibration. Additionally, we 
considered the number of predictors. This model was further evaluated in our test dataset 
using discriminative ability (AUC) and calibration (visual inspection of calibration curves). 
An AUC between 0.7 and 0.8 was considered acceptable discrimination, an AUC between 
0.8 and 0.9 excellent, and an AUC above 0.9 outstanding [23]. Furthermore, we determined 
the sensitivity and specificity, positive predictive value, and negative predictive value. 

The analysis was performed using R statistical programming, version 1.3.1073 (R 
Foundation). Prediction models were trained using the Caret package, version 6.0-86 [28]. 
A p value < 0.05 was considered statistically significant. 

RESULTS 

Pain Model 
In the validation dataset, the random forest model with down-sampling showed the most 
promising performance in terms of discrimination, visual inspection of calibration curves 
(Supplementary Fig. 1A-C; supplemental materials are available with the online version 
of CORR®), and number of predictors (Supplementary Table 8; supplemental materials 
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are available with the online version of CORR®). This model was evaluated further 
(Supplementary File 1; supplemental materials are available with the online version of 
CORR®). Unfortunately, in the test dataset, it performed poorly with an AUC of 0.59 (95% 
confidence interval 0.52 to 0.66), which is hardly better than chance. Sensitivity was 0.67 
and specificity was 0.49 at a threshold of 0.72 (Table 3). In addition, a visual inspection 
of the calibration curve also indicated poor calibration (Fig. 3). We therefore believe this 
model should not be used in clinical practice. 

Function Model 
In the validation dataset, the gradient boosting machines model was selected for further 
evaluation because it showed the most promising performance in terms of discrimination, 
calibration (Supplementary Fig. 2A-C), and the fact that it required only a single predictor 
variable (Supplementary File 1); the MHQ function score at baseline (Supplementary Table 
8). In the test dataset, it had a good discriminative ability, with an AUC of 0.74 (95% CI 0.69 
to 0.80) (Table 3). Sensitivity was 0.62 and specificity was 0.72 at a threshold of 0.62 (Table 
3). A visual inspection of the calibration curve showed good calibration (Fig. 4). We have 
made this model available as web application. The model predicts the change of reaching the 
MCID for hand function for an individual patient 12 months after surgery, given the patient 
pre-operative MHQ hand function score (Supplementary Fig. 3; supplemental materials 
are available with the online version of CORR®). 

The final hand function model is presented as a Shiny internet application, accessible 
at: https://analyse.equipezorgbedrijven.nl/shiny/cmc1-prediction-model-Eng/. The app 
currently does not have the Conformité Européenne (CE) mark and has not yet been 
externally validated; therefore, caution is warranted when using the application. 

The R code of the models is available via GitHub [39]. Because of the poor predictive 
ability, we did not make an internet application for the pain model. 

DISCUSSION 

Assessing the likelihood of success is an important part of the decision to undergo a 
certain treatment, especially when the treatment is invasive and elective in nature such 
as the surgical treatment of CMC1 OA. Thus, communicating the chance of a successful 
outcome can help the decision-making process. However, predicting which patients will 
improve in symptoms is difficult. Therefore, a model that predicts the probability of 
improvement for each patient might contribute to the shared decision-making process. 
It could also help manage patients’ expectations of the treatment outcome. This study aimed 
to develop prediction models for the probability of clinically meaningful improvement 
in pain and hand function 12 months after trapeziectomy with ligament reconstruction 
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and tenson interposition for CMC1 OA. Unfortunately, despite the relatively large dataset 
with many variables, we considered the performance of the pain model as insufficient 
for clinical practice. However, the hand function model had a good discriminative ability 
and good calibration in our test dataset. This model was a gradient boosting machines 
model with the baseline MHQ hand function score as the only predictor. We have made an 
internet application of our hand function model, which can be accessed via: https://analyse.
equipezorgbedrijven.nl/shiny/cmc1-prediction-model-Eng/. To calculate the prediction of 
an individual patient, the preoperative MHQ function score of the patient is submitted. 
The model then calculates the probability of improvement 12 1months after surgery. If the 
MHQ function score of the patient is unknown, it can be calculated in the application by 
answering five questions. 

Limitations 
This study has some limitations. Although the models were internally validated in 
a separate test dataset, no external validation was performed. Evaluating predictive 
performance of these models in a prospective setting with new patients could be a valuable 
addition. The current models are generalizable to settings where patients with thumb base 
osteoarthritis are first treated nonsurgically, and trapeziectomy with LRTI is considered 
when symptoms are not sufficiently relieved. No distinction was made between different 
tendonplasties that can be considered as LRTI because they are very similar and there is 
little evidence for differences in patient-reported outcomes between these techniques [41, 
49]. Before generalizing predictions from our model to other surgical treatment options 
than trapeziectomy with LRTI, such as arthrodesis and prosthetics, additional validation 
is needed. 

Another important limitation is the relatively high proportion of missing data, which is 
inherent to the to the nature of the dataset, where all patients are invited to complete 
multiple patient-reported outcome measures as part as routine outcome measures. 
Specifically, there was a high proportion of missing data for the psychological variables, 
which have only been collected since September 2017. We have chosen to still include these 
because previous studies have shown that these are associated with treatment outcomes of 
thumb base osteoarthritis [18, 52]. Additionally, we compared patient characteristics and 
preoperative symptom severity to assess whether nonresponders differed from responders 
and found only small differences with negligible effect sizes. Missing data was imputed 
using k-nearest neighbors, but multiple imputation would be preferable. However, to our 
knowledge, this is currently not implemented in R. When this implementation is available, 
this may possibly result in better prediction models in the future. 

Our models predict the probability that a patient will reach a clinically meaningful 
improvement, defined as reaching the MCID for the MHQ pain score and the MHQ function 
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score [32]. These MCID scores were calculated for patients with atraumatic hand and wrist 
conditions, not specifically for patients with CMC1 OA. Additionally, the MCID threshold 
is determined for patient populations and may be less relevant for individual patients. 
Therefore, we believe it is important to clearly communicate our definition of improvement 
to clinicians and patients when using this model, emphasizing that this improvement is 
considered relevant for most patients but not all. Furthermore, we used random forest and 
gradient boosting as machine learning algorithms in our study. It is, however, possible 
that more complex algorithms, such as artificial neural networks, have a better predictive 
performance. In our case, the relatively small dataset compared with other studies on 
machine learning limited our choice of algorithms. Further, the use of additional variables 
such as preoperative goniometric measurements, genetics, or comorbidities might have 
improved the performance of our prediction models [12, 22, 50]. However, we did not 
have sufficient data to evaluate these variables. In our opinion, the inclusion of variables 
such as genetics would make it harder to implement our model in daily clinical practice. 

Finally, we judged that the AUC of the pain model (0.59) was insufficient since it was only 
slightly better than chance, and the AUC of the hand function model (0.74) was sufficient for 
application in clinical practice, given that it met the threshold for acceptable discrimination 
[23]. However, what is considered “sufficient” might be debatable and dependent on the 
action that will follow from the prediction on the model. We therefore strongly recommend 
that the model is only used as a decision aid that provides additional insight into the 
expected outcome of surgery. 

Pain Model 
The performance of our best performing pain model was insufficient. The model performed 
poorly on both discrimination and calibration and should therefore, not be used in clinical 
practice. This is in line with reports on surgery for OA of other joints [30, 43], and the 
finding that pain after total joint arthroplasty cannot accurately be predicted using clinical 
variables [5]. The nature of postoperative pain might be different from preoperative OA-
related pain, and this is therefore more difficult to predict. In clinical practice, we have 
noticed that many patients indicate they still experience pain but not the familiar OA-related 
pain that was the surgical indication. Because there are indications that genetic factors play 
a role in chronic and neuropathic pain [22, 50], this may be a direction for further research 
into predicting postoperative pain. 

Function Model 
Our hand function model showed reasonable performance in terms of discrimination and 
calibration and required only one predictor. This model was used for the development of a 
web application that is publicly available online and can be used to help guide the decision-
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making process. However, since our model has not been externally validated, caution is 
warranted. The model was a gradient boosting machines algorithm. 

In our study, machine-learning algorithms had a better predictive performance in both 
our datasets than the traditional statistical logistic regression model. Although the 
discriminative ability of the logistic regression model for hand function was only marginally 
worse than that of the gradient boosting machine model in the validation dataset, it required 
almost 80 variables as input, whereas the gradient boosting machines model only required 
one (Supplementary Table 8). Machine-learning algorithms might be better equipped to 
deal with the nonlinearities in datasets [1, 31] that are often present in real-world data. 
It might, however, be possible to fit these nonlinear effects using statistical methods such 
as generalized additive models or nonlinear effects in logistic regression. 

Although some studies have reported prognostic factors influencing the outcome of surgical 
treatment of CMC1 OA [2, 12, 26, 36], the development of a prediction model is new. 
One study examined the prognostic value of preoperative patient-reported disability and 
psychological characteristics for early postoperative outcomes with a mean follow-up of 14 
weeks [26]. The authors found that patients with greater preoperative disability experienced 
more improvement after surgery but did not find an association between psychological 
factors and outcomes. This is in line with the results of our hand function model, which only 
requires baseline function as a predictor. Another study evaluated the relationship between 
the duration of symptoms and surgical outcomes [2]. The authors found that patients with an 
increased duration of symptoms had a poorer postoperative outcome. Although the duration 
of symptoms was one of the variables in our dataset, this was not one of the predicting 
variables in our models. This indicates that in our dataset, the duration of symptoms did 
not have sufficient predictive power. 

Conclusion 
In conclusion, we developed a model to predict the probability of improvement in 
hand function 12 months after trapeziectomy and ligament reconstruction with tendon 
interposition for CMC1 OA. The model had good discriminative ability and good calibration 
in our test dataset. Unfortunately, the performance of our pain model was insufficient for 
use in practice. The final model for hand function was used to develop an online application 
that can be used to estimate the chance of survival for an individual patient. However, 
our model does not have CE marking and has not been externally validated. By making 
our model available online, we encourage others to validate the model in their patient 
populations. 
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Figure 1A

Figure 1B
Figure 1A-B. Flow diagram of patient selection for the pain dataset (A) and function dataset (B). During 
the inclusion period, 2653 patient were surgically treated with primary trapeziectomy with LRTI. Of these 
patients, 429 and 441 patients were excluded because they did not have baseline scores for MHQ pain and 
MHQ function, respectively; and 735 and 743 patients were excluded because of missing MHQ scores at 12 
months. 
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Figure 2. This flow diagram shows the selection of prediction models. The complete dataset was split into 
training (60%), validation (20%), and test (20%) datasets. The training set was used for feature elimination, 
resampling, and training of the prediction models. The best performing models of each algorithm were 
evaluated in the validation dataset. The performance of the model with the best AUC and calibration in the 
validation dataset was further evaluated in the test dataset; GLM = generalized linear model, RF = random 
forest, GBM = gradient boosting machine; AUC = area under the curve.
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Figure 3. This graph shows the calibration curve of the selected prediction model (random forest) for pain in 
the test dataset and a histogram of the distribution of the predicted probabilities of improvement. Calibration 
refers to agreement between the predicted probabilities and observed probabilities. In other words, if 10 
people had a probability of improvement of 0.6, did six people actually improve? The model performs well on 
calibration when the calibration curve lies close to the bisector. Calibration for our pain model was insufficient 
because of the wide CI and because the curve does not cover the lower probability range. 
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Figure 4. This graph shows the calibration curve of the selected prediction model (gradient boosting 
machines) for function in the test dataset and a histogram of the distribution of the predicted probabilities of 
improvement. Calibration refers to agreement between the predicted probabilities and observed probabilities. 
In other words, if 10 people had a probability of improvement of 0.6, did six people actually improve? The 
model performs well on calibration when the calibration curve lies close to the bisector. Our model for 
function shows good calibration. 
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ABSTRACT 

Background and Objectives 
Surgeons rely on clinical experience when making predictions about treatment effects. 
Incorporating algorithm-based predictions of symptom improvement after carpal tunnel 
release (CTR) could support medical decision-making. However, these algorithm-based 
predictions need to outperform predictions made by surgeons to add value. We compared 
predictions of a validated prediction model for symptom improvement after CTR with 
predictions made by surgeons. 

Methods 
This cohort study included 97 patients scheduled for CTR. Preoperatively, surgeons 
estimated each patient’s probability of improvement six months post-surgery, defined as 
reaching the Minimally Clinically Important Difference on the Boston Carpal Tunnel 
Syndrome Symptom Severity Score. We assessed model and surgeon performance using 
calibration (calibration belts), discrimination (area under the curve (AUC)), sensitivity, 
and specificity. Additionally, we assessed the net benefit of decision-making based on the 
prediction model’s estimates versus the surgeon’s judgement.   

Results 
The surgeon predictions had poor calibration and suboptimal discrimination (AUC 0.62, 
95%-CI 0.49-0.74), while the prediction model showed good calibration and appropriate 
discrimination (AUC 0.77, 95%-CI 0.66-0.89, p=0.05). The accuracy of surgeon predictions 
was 0.65 (95%-CI 0.37-0.78) versus 0.78 (95%-CI 0.67-0.89) for the prediction model 
(p=0.03). The sensitivity of surgeon predictions and the prediction model were 0.72 (95%-
CI 0.15-0.96) and 0.85 (95%-CI 0.62-0.97), respectively (p=0.04). The specificity of the 
surgeon predictions was similar to the model’s specificity (p=0.25). The net benefit analysis 
showed better decision-making based on the prediction model compared to the surgeons’ 
decision making (i.e., more correctly predicted improvements and/or fewer incorrectly 
predicted improvements).  

Conclusion 
The prediction model outperformed surgeon predictions of improvement following CTR 
in terms of calibration, accuracy, and sensitivity. Furthermore, the net benefit analysis 
indicated that using the prediction model instead of relying solely on surgeon decision-
making increases the number of patients who will improve after CTR, without increasing 
the number of unnecessary surgeries.  
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INTRODUCTION 

Surgical treatment of carpal tunnel syndrome (CTS) generally has superior outcomes than 
nonsurgical treatment1. Although surgical treatment is low-risk and generally successful2,3, 
not all patients improve, and for some returning to work takes months2,4. Therefore, 
predicting the individual probability of a successful outcome would be useful. This will 
help inform patients about treatment options, supporting decision-making of both patients 
and surgeons. This may help increase patient satisfaction and treatment success and avoid 
unnecessary healthcare consumption5,6. 

We previously developed a prediction model to predict the probability of patient-reported 
symptom improvement following carpal tunnel release (CTR)7. The model predicts the 
patients’ probability of achieving a clinically relevant improvement six months post-surgery, 
using five patient-reported outcome measure (PROM) scores as predictors. In temporal 
validation, our model showed good calibration and appropriate discriminative ability with 
an area under the curve (AUC) of 0.71. The model is available online9. 

Besides sufficient performance in internal and external validation, determining the clinical 
usefulness of prediction models is important, but often overlooked10. Several factors 
contribute to the success of prediction models in clinical practice11-14: 1) whether the model's 
predictions are more accurate than predictions made by clinicians, 2) how prediction results 
are integrated into clinical practice, and 3) use and acceptance of prediction models by 
clinicians. Furthermore, for prediction models to be of added value, they should result in 
better medical decision-making. This study aims to assess our prediction model’s clinical 
value by comparing its performance to the performance of surgeons predicting improvement 
following CTR and evaluate the effect on decision-making.

PATIENTS AND METHODS 

We conducted a prospective observational study at Xpert Clinics between January 1st and 
October 13th, 2021. Xpert Clinics comprises 25 locations for hand and wrist care in The 
Netherlands, employs 23 European Board (FESSH) certified hand surgeons and offers a 
hand surgery fellowship program. Patients treated at Xpert Clinics are invited to routinely 
complete PROMs. This cohort and data collection have been described elsewhere15. 
The study was approved by the local institutional review board and reported according to 
The Strengthening the Reporting of Observational Studies in Epidemiology Statement16. 
All patients provided informed consent. 

We considered patients scheduled for CTR eligible for inclusion. Patients who did not 
complete the Boston Carpal Tunnel Questionnaire (BCTQ) before treatment and six months 
postoperatively, were excluded, since these scores were used to assess clinical improvement. 
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Patients were diagnosed and treated by hand surgeons. Diagnoses were based on clinical 
symptoms, findings on physical examination, and nerve conduction studies when required. 
All patients underwent a mini-open CTR and received standard postoperative care17. 

Our primary outcome was the Symptom Severity Scale (SSS) of the BCTQ, and additionally, 
we used visual analogue scales (VAS) to assess hand function and pain. The BCTQ is 
specifically developed for CTS. It consists of the SSS and the functional status scale (FSS). 
Both scales range from 1-5, with higher scores representing more severe CTS18. Since 
relieving symptoms (tingling or pain) is generally most important, we focused on the SSS19. 
We used the MCID of 0.8 to define a clinically relevant improvement8. 

Additionally, patients were invited to complete PROMs on their mindset towards their 
condition and treatment, and on their mental health. These questionnaires included the Brief 
Illness Perception Questionnaire (B-IPQ), the Credibility and Expectancy questionnaire 
(CEQ), the Pain Catastrophizing Scale (PCS), and the Patient Health Questionnaire-4 
(PHQ-4)20-23. All PROMs were sent via email after the first consultation. 

The prediction model for clinical improvement after CTR requires five subscales of 
previously mentioned PROMs at baseline as predictors: the BCTQ-SSS, VAS hand 
function score, CEQ Expectancy Score, PHQ-4 depression score, and the B-IPQ illness 
comprehension score. These predictors were selected through recursive feature elimination 
from multiple potential predictors, including demographic factors and PROM scores7. 
Missing data on these items were imputed through K-nearest neighbors by the prediction 
model. The predictions were made retrospectively, but were based on PROMs completed 
by patients prior to surgery (i.e., the model only had access to preoperative data). 

Surgeons received information on the study protocol, the prediction model, the BCTQ-
SSS and the MCID. After the consultation but before the point where patients completed 
the baseline PROMs, surgeons answered three questions on their expectations about the 
improvement of each new patient scheduled for CTR. Surgeons completed these questions 
on the day of the first consultation. 

1.	 What do you think the patient scores on the SSS at this moment (from 1 to 5)?
2.	 What do you think the patient will score on the SSS 6 months post-surgery (from 1 to 5)? 
3.	 What is, according to you, the probability that the patient will improve with at least the 

MCID (0.8 points) on the SSS, 6 months post-surgery?

The first two questions assessed the surgeons’ understanding of the SSS, because 
insufficient understanding might affect their predictions. The third question was used for 
comparison with model predictions. 

Six months post-surgery, patients were invited to complete the BCTQ and VAS pain 
and function. Satisfaction with treatment result was assessed as part of routine outcome 
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measurements24. Patients failing to complete the BCTQ after two e-mail reminders were 
contacted by phone once. The difference between the SSS at intake and six months post-
surgery was calculated to determine whether the patient reached a clinically relevant 
symptom improvement.

We aimed to detect a difference in accuracy of 80% correct model predictions and 70% 
correct surgeon predictions with a power of 0.80 and a two-sided alpha of 0.05. This resulted 
in a sample size of 146 patients. To account for potential drop-out, we aimed for a sample 
size of approximately 200 patients. However, our inclusion stopped prematurely due to an 
administrative change in the workflow, preventing us to collect the surgeon predictions 
in the same way. Therefore, the study inclusion was stopped before reaching the required 
sample size. 

We performed a non-responder analysis comparing patients with complete BCTQ-scores 
and patients with missing BCTQ-scores at baseline and six months postoperatively. T-tests 
were used for normally distributed variables and Wilcoxon tests were used for nonnormally 
distributed variables. 

We used the Wilcoxon signed rank test to compare surgeons’ estimates of the SSS to 
observed scores at baseline and six months post-surgery. Paired t-tests were used to 
compare estimated SSS change scores to observed scores. 

We evaluated the prediction model’s and surgeons’ performance using calibration, 
discrimination, and accuracy. Calibration measures the accordance between predicted 
probabilities and observed frequencies of events. This indicates whether, for example, 
of 10 patients with a predicted probability of 0.6, we observe that six patients actually 
improve.We considered calibration the most important outcome, since using estimations 
from models with poor calibration can lead to misinforming patients on the likely success 
of a treatment25. Calibration was visually assessed using calibration belts26. Discrimination 
refers to the ability to distinguish between patients who will improve and patients who 
will not27. Discrimination was assessed with the area under the curve (AUC). Similar to 
previous literature, we considered an AUC below 0.70 as suboptimal, 0.70-0.79 as good, 
and equal or above 0.80 as excellent28. We used the DeLong’s test to compare the AUCs 
of the model and of surgeons29. Accuracy refers to the percentage of correctly predicted 
outcomes (i.e., improved or not improved). Accuracy, sensitivity, and specificity were 
compared using McNemar's test.

Finally, the net benefit of using the prediction model was assessed using decision curve 
analysis (DCA)30. With DCA, we evaluated the effect of different decision-making strategies: 
1) “treat none”, 2) “current decision-making”, and 3) “deciding based on the prediction 
model”. Current practice indicates that surgeons identify patients eligible for CTR based 
on their expertise. DCA compares the net benefit of each strategy, combining the benefits 
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and harms associated with each strategy, calculated as a weighted difference between the 
true positives and false positives. True positives represent cases where the decision-maker 
correctly identified patients who benefit from CTR, while false positives indicate cases 
where the decision-maker suggested CTR, but patients did not benefit. A higher net benefit 
indicates that a decision strategy results in more true positives or fewer false positives than 
other strategies. This implies that more patients who truly benefit from surgery are correctly 
scheduled for CTR, while fewer patients who will not benefit from CTR are incorrectly 
scheduled for CTR30. The net benefit is calculated across a range of threshold probabilities, 
representing the predicted probability at which the surgeon is willing to choose one option 
(e.g., CTR) over the other (e.g., no CTR). So, in other words, it reflects the point at which 
the benefits of a decision outweigh the potential risks. A threshold of 10% indicates that 
the surgeon feels the benefits of the CTR outweigh the risks if the patient has more than 
10% chance of improvement following CTR. The threshold probability varies depending 
on individual perspectives and the specific context of the decision. For example, a higher 
threshold probability indicates that surgeons are more cautious and require a higher level 
of confidence before choosing CTR. 

Analyses were performed using R statistical programming (version 4.2.2). Statistical 
significance was determined at p<0.05. 

RESULTS 

During the study period, 205 patients were eligible for inclusion. Ninety-seven patients 
completed the BCTQ before surgery and six months postoperatively and were included 
for analysis (Supplementary Figure 1). No significant differences were found in the non-
responder analysis (Supplementary Table 1). 

The mean age of included patients was 57 years (SD 12) and 66% were female (Table 1). 
The mean preoperative BCTQ-SSS was 2.9 (SD 0.7) (Supplementary Table 2). Patients who 
reached the MCID were more satisfied with their treatment result and had better VAS pain 
and function scores (Supplementary Table 3). 

Twelve hand surgeons and one fellow participated in the study. Ninety-two percent were 
male and 85% were trained as a plastic surgeon (Table 2). Surgeons were FESSH-certified, 
or fellows trained in hand surgery. 

Surgeons overestimated the preoperative symptom severity of patients (Wilcoxon effect 
size 0.61, p<0.001) (Supplemental Figure 2). There was no difference between the surgeon-
predicted and observed SSS six months post-surgery (Wilcoxon effect size 0.10, p=0.90). 
The surgeon-predicted improvement from baseline to six months post-surgery was larger 
than the observed improvement (Cohen’s d 0.94, p<0.001). This indicates that surgeons 
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believed patients had more severe symptoms before surgery and that surgeons predicted a 
greater improvement post-surgery than was observed. 

The model’s calibration curve did not show any deviations, indicating good calibration, 
while we found that the surgeon predictions had poor calibration (Figure 1). Specifically, 
the surgeons’ calibration curve deviated at predicted probabilities below 0.3 and above 0.8. 
This means that surgeon predictions with probabilities of symptom improvement below 
0.3 or above 0.8 are unreliable. 

Accuracy (0.78 (95%-CI 0.67-0.89) versus 0.65 (95%-CI 0.37-0.78), p=0.03) and sensitivity 
(0.85 (95%-CI 0.62-0.97) versus 0.72 (95%-CI 0.15-0.96), p=0.04) were higher for the 
prediction model (Figure 2). However, DeLong’s test showed no difference in discriminative 
ability in surgeon (AUC 0.62, 95%-CI 0.49 -0.74) and model predictions (AUC 0.77, 95%-CI 
0.66-0.89, p=0.05). Similarly, we found no difference in specificity of the model (0.62, 
95%-CI 0.42-0.88) compared to specificity of surgeons (0.46, 95%-CI 0.19-1.00, p=0.25). 

The DCA showed a higher net benefit of “deciding based on the prediction model” compared 
to current decision-making (“Treat all”; Figure 3). 

DISCUSSION 

We compared surgeon predictions to a previously developed prediction model for patient-
reported symptom improvement after CTR. Our model outperformed surgeons in terms of 
calibration, sensitivity and accuracy. Surgeons overestimated the baseline symptom severity 
of patients and the treatment effect after surgery. Furthermore, the DCA showed better 
decision-making when using the model instead of relying solely on surgeon expertise. This 
suggests that our model could be of added value in clinical practice by providing individual 
information on expected outcomes and supporting decision-making. Model performance 
was similar to the performance we found in previous temporal validation7.

Evaluating patients and informing them of the expected outcomes of CTR is routine for 
surgeons, so it is likely they perform well on this task. Consequently, for a prediction 
model to be valuable, it should at least perform equally well as, and preferably better than, 
surgeons. 

The model had access to several PROM scores while the surgeons do not systematically 
collect this information, which could be considered an unequal comparison. However, 
surgeons usually have years of experience in assessing the prognosis and symptom severity 
of their patients, know the actual patient behind the data, and generally obtain more detailed 
anamnestic and diagnostic information from their consultations and physical examination, 
such as whether thenar atrophy is present. Therefore, we believe that both the model and 
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surgeons have access to sufficient relevant data to be able to predict the probability of 
improvement. 

Although there is ample research on the development of prediction models for outcomes 
after treatment, we were unable to find previous studies assessing the value of prognostic 
prediction models by comparing the model-based predictions with surgeon estimates. There 
is, however, some research on this subject for other applications, such as for medical 
imaging31,32, outcomes, such as predicting patient survival in cancer patients33,34, disease 
progression35, and complications after cardio-thoracic surgery36. In a systematic review on 
prediction models in medical imaging for diagnostics, Nagendran et al. found that most 
studies reported prediction models to have similar or superior performance compared to 
surgeons, with only two studies reporting prediction models performing worse31. Similarly, 
the results of Kuo et al. suggest that prediction models are not only noninferior to surgeons 
in diagnostic performance in fracture detection on medical imaging, but also that surgeon 
performance improved with the assistance of an artificial intelligence-based prediction 
model32. 

The results of this study were presented and discussed with the participating surgeons. 
Surgeons indicated that, for standard procedures, they are confident to rely on their own 
knowledge and experience to educate patients about the expected improvement. Therefore, 
they only find prediction models useful when they are uncertain about the treatment 
outcome. The prediction model may also have more difficulty predicting the probability 
of improvement for these relatively difficult cases. Future research should evaluate whether 
the prediction model has added benefit for these cases. However, our results indicate that, 
even for a standard procedure like CTR, using the prediction model resulted in improved 
decision-making compared to relying only on the surgeons' expertise for all patients. 
Additionally, surgeons indicated that they sometimes schedule surgery to prevent (further) 
nerve damage, instead of symptom improvement. Finally, surgeons expressed skepticism 
about prediction models’ ability to capture the entire context of a patient’s situation. 
However, we do not intend for prediction models to replace the shared-decision making, 
but rather to complement this process by providing individualized information. We believe 
prediction models can be valuable in patient education, enabling patients to become more 
involved. 

We were unable to reach our intended sample size of 146 because of an administrative 
change in workflow, resulting in our study being underpowered. Therefore, we consider our 
findings “preliminary conclusions” and recommend repeating this study in a larger sample. 
Our model predicts the probability of reaching an improvement of 0.8 on the BCTQ-SSS, 
which may not be the best indicator for a successful outcome. However, patients who 
improved beyond 0.8 points were more likely to be satisfied with their treatment result and 
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had less pain six months post-surgery, suggesting it can be considered as an appropriate 
indicator of successful outcome. 

We only included patients who were scheduled for CTR. In our clinics, there are differences 
in PROMs depending on whether patients are treated surgically or nonsurgically. 
Consequently, the BCTQ at the relevant time points for comparison with predictions was 
only available for patients scheduled for CTR. Limiting the study to patients scheduled for 
surgery could affect the surgeons’ responses because of cognitive dissonance avoidance: 
“I choose to perform CTR, therefore it must help”. If surgeons were less sure, they could 
induce nocebo in patients. Future studies should evaluate the clinical benefit and external 
validity of the prediction model in a broader population of symptomatic patients with 
CTS. This will provide valuable information for the assessment of clinical usefulness and 
implementation. 

CONCLUSION 

Predicting clinical improvement after CTR could help manage patient expectations and 
improve pre-operative patient selection. This preliminary study comparing surgeon 
predictions of symptom improvement after CTR to model predictions, indicated that 
surgeons showed a worse performance than our model, based on calibration, accuracy, and 
sensitivity. The decision curve analysis indicated that if surgeons would use our prediction 
model during clinical practice, they would more frequently select patients who will benefit 
from surgery without increasing the number of unnecessary procedures. While future 
studies with larger sample sizes are needed to validate our findings, we believe our results 
show that prediction models are promising tools with added value for decision-support.
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Figure 1A

Figure 1B

Figure 1. Calibration belts of the surgeon predictions (A) and the prediction model (B). The predicted 
probability of symptom improvement compared to the observed probability of symptom improvement is 
shown. The red line indicates perfect calibration and the 80% CI (light grey) and 95% CI (dark grey) of 
the calibration is shown in grey. The model or surgeons perform well on calibration if the belt is close to 
the bisector. If the belt falls above the bisector, the model or surgeons underestimate the probability of 
improvement. If the belt falls under the bisector, the model or surgeons overestimate the probability. A. 
Surgeon predictions: the red line does not fall within the 80% CI (light grey) and 95% CI (dark grey) over the 
whole range of predicted probability, indicating significant deviation in calibration between the predicted 
and observed probability of improvement. This is also confirmed by the p-value < 0.05. Patients for whom 
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surgeons predict the probability of symptom improvement to be higher than 80%, the observed probability 
of symptom improvement is lower, indicating an overly optimistic surgeon prediction. B. Prediction model: 
the red line falls within the 80% CI (light grey) and 95% CI (dark grey), indicating no significant deviation 
in calibration between the predicted and observed probability of improvement. This is also confirmed by 
the p-value > 0.05.

Figure 2. Comparison of performance measures (AUC, accuracy, sensitivity and specificity) of surgeon 
predictions and model predictions; Higher scores indicate better performance. For all measures, estimates 
are displayed with 95% confidence intervals. Additionally, the p-value for the comparisons between surgeon 
and model predictions is shown. A significantly higher sensitivity for the prediction model compared to 
surgeon predictions is seen. 
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Figure 3. Net benefit curve for three decision-making strategies: “Treat all”, “Treat none”, and “Deciding 
based on the CTR prediction model”. “Treat all” is, in our sample equal, to the current decision-making of 
surgeons. The net benefit weighs the benefits (i.e., true positives) and harms (i.e., false positives) of a decision 
strategy over a range of threshold probabilities. The threshold probability (on the x-axis) reflects the point at 
which the benefits of a particular decision or strategy outweigh the potential harm. We observe a benefit of 
“Deciding based on the CTR prediction model” compared to “Treat all” from a threshold probability of 10% 
onwards. A threshold of 10% would indicate that the surgeon feels the benefits of the CTR outweigh the risks 
if the patient has more than 10% chance of improvement following CTR. Given the elective nature of CTR, 
it is likely that surgeons would only schedule their patients for this procedure when the patient has a high 
probability of improving. Therefore, it is likely that the threshold probability for choosing CTR lies above 
10%. The higher net benefit of  “Deciding based on the CTR prediction model” indicates that this strategy 
results in more true positives and/or less false positives compared to current decision-making (“Treat all”). 
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Table 1. Characteristics of the included patients

Included patients (n=97)

Age (in years) 57.0 (12.4)

Gender, n (%)

Female 64 (66)

Duration of symptoms (in months) 9.0 [6.0, 24.0]

Type of work, n (%)

Unemployed 34 (35)

Light physical labor 29 (30)

Moderate physical labor 21 (22)

Heavy physical labor 13 (13) 

Affected side, n (%)

Left 41 (42)

Right 55 (57)

Both 1 (1)

Recurrent CTS, n (%)

Yes* 3 (3)

Second opinion, n (%)

Yes 1 (1)

* Patients with recurrent CTS were previously treated elsewhere 
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Table 2. Characteristics of the participating hand surgeons

Participating surgeons (N = 13)

Gender, n (%)

Female 1 (8)

Years of experience as specialist 9.69 (5.25)

Type of employment, n (%)

Fellow hand surgery 1 (8)

Trained hand surgeon 12 (92)

Type of training, n (%)

Plastic surgery 11(85)

Orthopaedic surgery 2 (15)

Solely focused on hand surgery

Yes 9 (70)

No 4 (30)

European board (FESSH) certified

Yes 12 (96)

No 1 (8)

FESSH = Federation of European Societies for Surgery of the Hand
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GENERAL DISCUSSION 

To optimize the shared decision-making process, patients considering elective treatment for 
hand or wrist conditions must have relevant and unbiased information about the treatment 
options, risks, and benefits. Therefore, this thesis aimed to provide patients and their 
clinicians with clinically relevant, personalized, and data-driven outcome information, 
helping them to make well-informed treatment decisions for hand and wrist conditions. 

This general discussion is divided into four parts, following the structure of this thesis: 
I) Determining clinically important outcome values, II) Clinically important outcomes of 
treatment (strategies) for thumb base osteoarthritis, III) Prognostic factors for clinically 
important treatment outcomes (for thumb base osteoarthritis), and IV) Development, 
validation, and added value of prediction models in hand surgery. The main findings, 
limitations, implications, and future perspectives are discussed below for each part. 

PART I - DETERMINING CLINICALLY IMPORTANT OUT-
COME VALUES 

In the first part of this thesis, we determined clinically important outcome values for 
Patient Reported Outcome Measures (PROMs) that are frequently used to measure 
outcomes of hand and wrist treatments. In Chapter 2, we provided estimates of the 
minimal improvement patients require to consider it a meaningful change (Minimally 
Important Change (MIC)) based on two frequently used methods. Notably, we found that 
the MIC was significantly lower for nonsurgically treated patients compared to surgically 
treated patients, indicating that surgically treated patients want to improve more following 
treatment. In Chapter 3, we presented a new anchor-based method to calculate Patient 
Acceptable Symptom State (PASS) estimates using item response theory. We demonstrated 
that this method outperformed previous, frequently used methods in terms of reliability, 
precision, measuring error, non-normally distributed outcomes, and class imbalance of the 
anchor. In Chapter 4, we used this new method to provide estimates of the PASS for three 
multi-item PROMs for 35 diagnosis-treatment combinations for hand and wrist disorders. 

Implications and future perspectives of Part I 
Our results from Chapters 2, 3, and 4 demonstrate that the choice of calculation method 
for a clinically important outcome value has a notable effect on the obtained estimates. 
Calculation methods based on item response theory, such as those presented for the PASS 
in Chapter 3 (1) and the MIC elsewhere (2, 3), are considered the most reliable methods 
available at the moment and are therefore recommended to be used when the assumptions of 
these methods are met. However, further method development is needed to provide reliable 
estimates for single-item scores, such as Visual Analog Scales. 
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The PASS values we provided in Chapter 4 for PROMs used in hand-wrist care can be 
considered the currently preferred when interpreting treatment results on a group level, 
based on this simulation study we performed in Chapter 3. The MIC values we provided 
in Chapter 2 can also be considered the best available estimates but should be interpreted 
with caution in the cases where the improved and not-improved groups differed remarkably 
in size, as these estimates may be biased (4). In that case, we recommend re-estimating 
the MIC with the newly developed methods based on Item Response Theory (5). There 
is also a need for Substantial Clinical Benefit estimates, referring to the change a patient 
needs to experience to consider themselves substantially improved, for hand and wrist 
conditions using the abovementioned calculation methods (6, 7), which may be addressed 
in future studies. 

The MIC and PASS values described in Chapters 2, 3, and 4 are relevant on a group 
level but cannot be applied directly to individual patients. As each patient has a personal 
internal threshold where they will consider themself to be “relevantly improved” (in case 
of the Minimally Important Change) or consider the treatment effect to be “satisfactory” 
(in case of the Patient Acceptable Symptom State), the clinically important outcome values 
we estimated can be viewed as the mean threshold that is relevant for the population of 
interest. There may be differences within each group. For example, an elderly patient might 
be satisfied with a slight improvement in functioning, while a professional athlete will 
likely demand a more considerable functional improvement to be satisfied. This illustrates 
that each patient has an internal threshold to determine whether a treatment effect is 
relevant. To overcome this, other personalized clinically important outcome values need 
to be introduced. An example of such a personalized value is the Personal Meaningful 
Gain (8), where patients can choose what outcome domain they wish to improve, how they 
score now on that outcome, and what score they need to be satisfied with the treatment. 
Using such a personalized measure as an outcome for a prediction model could help align 
predictions of treatment success with the individual’s goals. 

PART II - CLINICALLY IMPORTANT OUTCOMES OF 
TREATMENT (STRATEGIES) FOR THUMB BASE OSTEOAR-
THRITIS 

In the second part of this thesis, we determined the outcomes of several nonsurgical and 
surgical treatment options for thumb base osteoarthritis. In Chapter 5, we demonstrated 
that such patients who underwent hand therapy, possibly combined with an orthosis, report 
a sustained positive effect on pain at a median follow-up of 7 years compared to 1 year 
after treatment, and only 22% underwent surgery. In Chapter 6, we found a complication 
rate of 35% (according to the International Consortium for Health Outcomes Measurement 
Complications in Hand and Wrist conditions (ICHAW) classification) after trapeziectomy 
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with Weilby plasty, with 16% being Grade 1 and 19% being Grade 2/3 events. As Grade 1 
events were not associated with clinically relevant worse PROM scores at twelve months 
and their more subjective nature, we proposed reclassifying Grade 1 events as “adverse 
protocol deviations” and considering Grade 2 and 3 as complications in future studies. 
In Chapter 7, we compared treatment outcomes of trapeziectomy with Anchovy plasty, 
Weilby plasty, Burton-Pellegrini plasty, and Zancolli plasty. We found no differences 
in pain at twelve months, although secondary outcomes showed a slight preference for 
trapeziectomy with Anchovy plasty. In Chapter 8, we evaluated the cost-effectiveness 
of four potential treatment strategies for thumb base osteoarthritis over a 10-year period, 
including treatment-related and societal costs. We found that starting with nonsurgical 
treatment, considering surgery if needed, was the most cost-effective treatment strategy. 

Implications and future perspectives of Part II 
The findings in Chapter 5 and Chapter 8 emphasize the importance of starting with 
nonsurgical treatment (i.e., hand therapy, possibly combined with an orthosis) for patients 
with primary thumb base osteoarthritis. We have shown that nonsurgical treatment has a 
long-term positive effect on pain, that few patients elect surgery afterward, and that this is 
the most cost-effective treatment strategy (of those we compared), making it a promising 
first-line treatment. Still, in clinical practice, we see variation in the exact treatment content 
of nonsurgical treatment for primary thumb base osteoarthritis, for example, in the number 
of hand therapy sessions patients receive or whether an orthosis is prescribed. This allows 
for future studies regarding the most optimal nonsurgical treatment for primary thumb base 
osteoarthritis (9), which could improve outcomes of nonsurgical treatment even further. 

Despite many experimental and observational studies, no clear superior surgical technique 
currently exists to treat patients with thumb base osteoarthritis (10). In line with that, we 
did not find a clear difference in surgical treatment outcomes between trapeziectomy 
combined with four different tendon plasties in Chapter 7. Considering the comparable 
surgical treatment outcomes, it becomes more important to take treatment costs and 
societal costs (e.g., due to work absenteeism or presenteeism) into account. While this 
receives little attention in the current literature (11), comprehensive studies on (comparing) 
cost-effectiveness could further inform policymakers, clinicians, and patients and help to 
improve treatment guidelines. Such studies would provide relevant information, especially 
for more costly treatment options with hypothesized faster return to work, such as prostheses 
for the first carpometacarpal joint and lipofilling of the first carpometacarpal joint. 

To systematically compare treatment outcomes and perform benchmarking, it is essential 
that standardized definitions are used in all settings. Particularly for complications, many 
different definitions and classifications are used, which made it difficult to compare 
our findings (from Chapter 7 for example) to previously published complication rates. 
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To overcome these difficulties, the International Consortium for Health Outcomes 
Measurement (ICHOM) Hand and Wrist working group introduced the ICHAW 
classification (12), primarily based on the Clavien-Dindo complication classification system 
that is mainly used in general surgery (13). As the ICHAW classification is based on the 
action taken in response to the complication, we believe that the ICHAW classification is 
an important step towards standardizing complication reporting in hand surgery. However, 
there is still subjectivity in the actions taken by clinicians (i.e., when a treatment will 
be prescribed and of what invasiveness). Notably, discretionary treatments for minor 
discomfort (e.g., prescription of silicone gel sheets for scar tenderness) may lead to a high 
number of ICHAW grade 1 events (14), which we have therefore proposed to reclassify as 
“adverse protocol deviations” instead of complications (15). We expect that the rating of 
ICHAW grade 2 and 3 events will be more objective and that this reclassification of the 
ICHAW events will contribute to a more standardized definition of complications in hand 
surgery. 

PART III - PROGNOSTIC FACTORS FOR CLINICALLY IM-
PORTANT TREATMENT OUTCOMES (FOR THUMB BASE 
OSTEOARTHRITIS) 

As observed in the first two parts of this thesis, there is considerable variation in patient-
reported treatment outcomes. In part III, we investigated which factors explain this 
variation in treatment outcomes. In Chapters 9 and 10, we showed how psychological 
factors are associated with pain and hand function before and three months after the start 
of nonsurgical treatment for thumb base osteoarthritis. In Chapter 11, we found that higher 
pre-treatment expectations are associated with increased satisfaction with treatment results 
following nonsurgical thumb base osteoarthritis treatment. Moreover, in Chapter 12, we 
found that this positive association between pre-treatment expectations and satisfaction 
with treatment results was also present in a broader population of patients receiving one 
of six different (non)surgical treatments for varying hand and wrist disorders. Because 
we found pre-treatment expectations to be associated with satisfaction in Chapters 11 
and 12, we studied in Chapter 13 how pre-treatment expectations are related to patient, 
surgeon, and treatment characteristics. In Chapter 14, we confirmed the hypothesis that 
patients involved in a personal injury claim have worse treatment outcomes than patients 
not involved in a personal injury claim following surgical or nonsurgical treatment. 

Implications and future perspectives of Part III 
The findings from Part III repeatedly indicate the association of psychological factors and 
expectations with treatment outcomes of thumb base osteoarthritis. These factors have 
been linked consistently to treatment outcomes across various musculoskeletal conditions. 
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Therefore, clinicians should be attentive to their patients' mental health status. A first 
indication of mental health status can easily be obtained by applying the ultrashort mental 
health screening tool that my colleagues recently introduced (16). 

In our observational studies, we could not assess causality between psychological factors 
and expectations with treatment outcomes of thumb base osteoarthritis. However, some 
randomized controlled trials found promising effects of optimizing expectations on 
treatment outcomes, including postoperative satisfaction (17, 18). The optimal strategy for 
interventions on mental health or expectations in musculoskeletal conditions still needs 
to be determined. For clinicians, we currently recommend assessing their patients' mental 
health status’, using this as a conversation starter, and considering this in their shared 
decision-making. Additionally, further studies are needed to determine the potential benefit 
and implementation of integrating mental health interventions into the treatment plan. 

Our findings and the literature (19) show a consistent link between positive pre-treatment 
outcome expectations and treatment outcomes, such as pain, function, and satisfaction. 
Trials on optimizing expectations have also shown improved treatment outcomes (17, 18). 
This consistent association between pre-treatment expectations and treatment outcomes 
emphasizes the necessity of expectation management. Clinicians would benefit from 
evidence-based guidelines to aid them in setting positive, realistic expectations for their 
patients. While future studies are needed for guideline development, implementation, 
and impact assessment, optimizing expectations seems a promising strategy to improve 
treatment outcomes. 

At the same time, clinicians must recognize the often-undeserved negative expectations 
surrounding nonsurgical treatments, as we found in Chapter 13. Given that patients might 
harbor unjustified pessimism towards nonsurgical options, clinicians should educate 
patients about the potential benefits and provide them with positive, realistic outcome 
information for these treatments. This might motivate patients for their nonsurgical 
treatment, improve compliance, and result in better nonsurgical treatment outcomes. 

PART IV - DEVELOPMENT, VALIDATION, AND ADDED 
VALUE OF PREDICTION MODELS IN HAND SURGERY 

In the final part of this thesis, we studied the potential of prediction modeling to inform 
patients of their probability of improvement after treatment. In Chapters 15 and 16, we 
developed and internally validated a prediction model for the probability of a clinically 
relevant improvement in symptoms following carpal tunnel release surgery and surgical 
treatment for thumb base osteoarthritis. In Chapter 17, we temporally validated the Carpal 
Tunnel Release model presented in Chapter 15 and showed its added value for decision-
making by outperforming surgeon decision-making. In Chapter 18, we provided an 
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overview of prediction models for outcomes of upper extremity surgery and the availability 
of these models for clinicians and critically assessed their risk of bias. Finally, Chapter 
19 compared condition-treatment-specific prediction models to three generic prediction 
models for many hand and wrist conditions, showing that the generic prediction models 
performed similarly to the many condition-treatment-specific models. 

Implications and future perspectives of Part IV 
Prediction models are typically developed for a single diagnosis-treatment combination 
(20). However, models for single diagnosis-treatment combinations can be time-consuming 
to develop, validate, and implement, particularly in medical fields with many diagnoses and 
treatment options. In Chapter 19, we demonstrated a more generic approach, using diagnosis 
and treatment as model input, is feasible. This approach also has advantages regarding 
implementation. As the number of resulting models from this approach is manageable, 
technical implementation aspects and user training can be handled faster. Additionally, the 
limited number of prediction models makes temporal validation and routine updating of 
the models more feasible, thereby ensuring continuous good performance and compliance 
with (inter)national legislation, such as the Medical Device Regulation (21). Also, there 
may be situations where a generic model provides better predictions than a diagnosis-
treatment-specific model, because the generic model was able to learn from many similar 
diagnosis-treatment combinations. While there will be limits regarding the applicability of 
this generic approach for developing prediction models, and while more extensive validation 
is recommended, we believe this approach seems highly efficient and is promising to 
explore further. 

The findings from Chapter 17 show that prediction models can add value to hand surgery 
and help clinicians make decisions. This is in line with other prediction models in 
orthopedics that have shown promising results regarding their effect on clinical decision-
making (22, 23). However, many prediction models do not find their way into clinical 
practice and, therefore, cannot positively impact decision-making. 

There are several reasons why prediction models rarely reach clinical practice. 

First, temporal and external validation of prediction models is needed but rarely performed 
(20, 24, 25), also for upper extremity conditions (26). A lack of data interoperability may 
partially cause this lack of external validation research. We need similar data content and 
similar data coding and storing to achieve data interoperability. There are already several 
ongoing initiatives to improve and facilitate data interoperability. ICHOM tries to ensure 
that the same patient characteristics and outcomes at the same time points are measured for 
each clinical domain by providing standard measurement sets (27). Additionally, several 
common data models are used in the medical field, allowing data to be coded and stored 
similarly (28). The Observational Medical Outcomes Partnership (OMOP) Common Data 
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Model (CDM)(29) is of particular interest. This OMOP-CDM is historically mainly used 
for pharmacological research but is also gaining traction in the medical field due to its 
active community, its generalizability across medical specialties, and the large number of 
software tools available to interact with datasets in the OMOP-CDM (29-31). Increased 
adoption of the relevant ICHOM measurement sets and data mapping to the OMOP-CDM 
will greatly improve data interoperability and allow for external validation of existing 
prediction models. In our setting, we are currently converting our data to the OMOP-CDM 
as part of the EHDEN project (32) and plan to use this data for further development and 
validation of prediction models as part of the PREPARE project (33). 

Second, after thoroughly validating prediction models, the models need to be implemented 
into the clinical setting for clinicians to use. Several factors play a role in the successful 
implementation of prediction models. It is critical that a model predicts an outcome relevant 
to patients and clinicians and that clinicians feel using the model is of added value (34, 35). 
Implementation is facilitated by having a learning climate and providing training material 
to ensure familiarity with the prediction tool (35, 36). Additionally, technical aspects, such 
as seamless integration with electronic health care records or data collection systems and 
ease of use, are important facilitators for successfully implementing a prediction tool (37, 
38). As successful implementation is crucial for the model to positively impact healthcare 
decisions and treatment outcomes, I believe there should be more attention to the specific 
facilitators and barriers for successful implementation in a clinical setting. These need to 
be considered earlier in the research process, during the design of the prediction model, 
and relevant stakeholders (e.g., clinicians, patients, IT-specialists) should be included. 

For clinicians to gain trust in the predictions made by the model, it is important that the 
model is transparent (i.e., showing which model features mainly impact the generated 
prediction for an individual patient (34, 39). Additionally, it may allow the clinician to 
explain better to the patient why the probability of improvement with a particular treatment 
is high or low (40). We did not incorporate this into the models presented in this thesis. Still, 
we recommend incorporating explainable AI methods like SHapley Additive exPlanations 
(SHAP)(41) or Local Interpretable Model-agnostic Explanations (LIME)(42) to facilitate 
clinical uptake for future prediction models. 

Finally, when a prediction model is successfully implemented in clinical practice, impact 
assessment studies are needed to study the effect of having the prediction model available 
and the impact of using the prediction model on treatment selection, patient experiences, 
and treatment outcomes (43). Ideally, (stepped wedge) cluster randomized controlled 
trials are used to study all effects of prediction models compared to usual care. However, 
considering the high costs and long time required to do such a study, prospective studies 
addressing whether the prediction model positively affects decision-making should be the 
first step towards impact studies focusing on treatment outcomes. In future studies, we aim 
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to study the generic models in Chapter 19 in more detail, assessing their potential impact 
on decision-making and possibly the effect on treatment selection, patient experiences, 
and patient outcomes. 

LIMITATIONS OF THIS THESIS 

The studies in this thesis primarily relied on data from routine outcome measurement, 
which is prone to missingness. Many patients were excluded because they did not complete 
all questionnaires at all relevant times. Excluding patients due to missing data can lead to 
selection bias, particularly when patients who did not answer all the questionnaires did 
so because of their treatment outcomes (i.e., missing not at random)(44). For example, 
patients who no longer experience symptoms may not see the need to continue answering 
questionnaires, resulting in biased outcome estimates. In each study, we conducted non-
responder analyses to compare the characteristics of those completing all questionnaires 
to those who did not. While this only provides circumstantial evidence, we found no 
meaningful indications of selection bias in pre-treatment characteristics for patients 
included and excluded from the studies. For developing and validating prediction models, 
missing data was handled using imputation. This allows using data from patients with 
complete and incomplete data for model development and validation, but also real-time 
handling of (some) missing data of future patients, making it still possible to obtain 
predictions for them. Part of our future research is focused on preventing non-response in 
our routine outcome measurements. 

All studies, including the comparative effectiveness study in Chapter 7, used an 
observational study design. While randomized controlled trials (RCTs) are the gold standard 
for comparative effectiveness studies, they pose many practical challenges in surgery, 
including high costs, long study duration, and the difficulty to blind surgeons and often 
also patients (45). Moreover, while a new medication is typically compared to a placebo, it 
is often considered unethical and very unappealing to patients to participate in a trial with 
sham surgery as a control group. Additionally, RCTs' strict in- and exclusion criteria may 
limit their generalizability. Still, the RCT is the best study method to answer comparative 
effectiveness research questions. Although infrequently performed, trials with sham 
surgery as a control group provide valuable information, as they can distinguish specific 
surgical effects from contextual effects. 

The use of observational data for comparative effectiveness studies, such as in this thesis, 
requires careful design and analysis to ensure comparability between treatment groups. 
We used techniques like propensity-score matching and regression analysis to account for 
differences in patient characteristics, allowing for more reliable comparisons of treatment 
outcomes. Still, the observational nature of the studies makes it difficult to conclude 
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causality, as confounding by indication may have occurred. As such, the associations we 
found, for example, between pre-treatment expectations and treatment outcomes (Chapters 
10 and 11), should not be interpreted as causal relations. An RCT actively modifying 
expectations would be the preferred way to assess whether pre-treatment expectations have 
a causal relation with treatment outcomes. 

Chapter 10 evaluated the cost-effectiveness of four potential treatment strategies for 
thumb base osteoarthritis based on a microsimulation model. The input parameters for 
the model were derived from the observational Hand-Wrist Study Group cohort, which 
caused our results to be specific for our clinical setting. While we believe these results 
are generalizable to thumb base osteoarthritis patients in similar settings, this may not 
necessarily apply elsewhere. 

The prediction models developed and validated in this thesis face the same issue of 
generalizability. While the models perform well in our setting, this may not necessarily 
be true for other clinical settings, such as a tertiary hospital (46). We therefore recommend 
external validation of the models before they are applied elsewhere. 

All prediction models presented in this thesis predict the probability of improvement 
following treatment for a hand or wrist condition, defined as reaching the MIC on a 
relevant domain for that hand or wrist condition (e.g., pain or hand function). However, 
as discussed in Part I, these MIC values are meant to interpret PROM scores on a group 
level. As such, the outcomes of these prediction models may not always reflect what is most 
relevant for an individual patient. Future studies may focus on predicting other relevant 
outcomes, such as the probability of complications, time to return to work, or satisfaction 
with treatment results. Alternatively, predicting personalized outcomes such as reaching a 
Personal Meaningful Gain may provide patients and clinicians with relevant information 
to incorporate in the decision-making for patients considering treatment for their hand or 
wrist condition. 

Conclusions and recommendations 
To conclude, this thesis provides an overview of clinically important outcome values, 
outcomes of treatment (strategies), prognostic factors, and prediction models for hand and 
wrist conditions, with a focus on thumb base osteoarthritis. This thesis aims to improve the 
shared decision-making process for patients with hand and wrist conditions by providing 
insight into clinically relevant, personalized, and data-driven outcome information. 
The findings highlight nonsurgical treatments as first-line options, the association of 
psychological factors with outcomes, and the potential benefits of prediction models in 
clinical practice. 
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Recommendations for researchers based on this thesis 
•	 Personalized outcome measures: Explore the use of personalized measures, like the 

Personal Meaningful Gain, in research to align information about treatment success 
with individual patient goals.

•	 Cost-effectiveness: Study the cost-effectiveness of treatment strategies, particularly 
focusing on integrating new treatments and treatments with proven similar effectiveness. 

•	 Psychological interventions: Study the feasibility and (cost)effectiveness of 
interventions targeting psychological factors, such as illness perceptions, depressive 
symptoms, or anxiety, and expectations on treatment outcomes.

•	 Prediction models: Conduct extensive external validations and impact assessment 
studies of existing prediction models and further study the potential added value of 
generic prediction models. 

Recommendations for clinicians based on this thesis 
•	 Nonsurgical treatments: Prioritize nonsurgical treatment for primary thumb base 

osteoarthritis, given the long-term positive effect on pain and its cost-effectiveness.
•	 Expectation management: Incorporate expectation management (particularly for 

nonsurgical treatment) to counsel patients towards positive, realistic expectations to 
enhance treatment outcomes.

•	 Mental health assessment: Assess patients’ mental health status using tools like the 
Ultrashort Mental Health Screening Tool and consider these factors in the shared 
decision-making process.

•	 Prediction model integration: Identify validated prediction models and use these after 
external validation to inform shared decision-making for patients considering treatment. 

Recommendations for policymakers based on this thesis 
•	 Data interoperability: Support initiatives aimed at improving data interoperability, 

such as the adoption of ICHOM measurement sets and mapping data to common data 
models like the OMOP-CDM, to facilitate benchmarking and increased collaborative 
real-world studies. 

•	 Standardized reporting: Promote the adoption of standardized definitions and 
classifications, such as the ICHAW classification, to ensure consistency in complication 
reporting and comparative research.

•	 Cost-effectiveness: Encourage cost-effectiveness studies for various treatment options 
and strategies (including societal costs) to inform guidelines and healthcare policies.

•	 Implementation of prediction models: Facilitate the integration of validated prediction 
models into clinical practice by supporting the necessary technical infrastructure, 
training programs for healthcare providers, and support for continuous performance 
monitoring, ensuring compliance with (inter)national regulations.
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SUMMARY 

Within a patient-centered care setting, it is currently best practice that patients, together 
with their treating clinician, decide on the most suitable treatment option while considering 
their preferences and values. This decision-making process is commonly referred to as 
shared decision-making. This is particularly preferred when considering elective treatment, 
as in many hand or wrist conditions, where many conditions are not considered medical 
emergencies. While shared decision-making is regarded as best practice and is preferred by 
patients, it is not always implemented in daily clinical practice. Decisions are often based on 
clinician experience and established guidelines, which can result in a lack of personalization 
in decisions and (unwanted) variability between clinicians. To improve this, it is essential 
that patients receive relevant and unbiased information about the treatment options, risks, 
and benefits from their clinician. 

Therefore, the main aim of this thesis is to provide patients with hand and wrist conditions 
and their clinicians with clinically relevant, personalized, and data-driven outcome 
information, to facilitate shared decision-making towards the most suitable treatment 
option. To this end, we used routine outcome information to describe clinically relevant 
treatment outcomes in general, to explain variation in treatment outcomes, and to predict 
treatment outcomes for individual patients with hand and wrist conditions. In the following 
sections, the main findings are summarized, following the structure of this thesis: I) 
Determining clinically important outcome values, II) Outcomes of treatment (strategies) 
for thumb base osteoarthritis, III) Prognostic factors for treatment outcomes, and IV) 
Development, validation, and added value of prediction models in hand surgery and hand 
therapy. 

PART I - DETERMINING CLINICALLY IMPORTANT OUT-
COME VALUES 

To describe, explain, and predict outcomes, we first need to know what patients consider 
relevant outcomes after treatment for their hand or wrist disorder. This can be expressed 
in concepts such as the minimally important change (MIC) and the patient acceptable 
symptom state (PASS). Because clinically important outcome values for patients with hand 
and wrist disorders are limited in the literature, we determined these in Part I for several 
Patient Reported Outcome Measures frequently used to assess treatment outcomes for 
hand or wrist disorders. 

Chapter 2 provides estimates of the minimal improvement patients consider a meaningful 
change (i.e., MIC) for the Michigan Hand outcomes Questionnaire, the Boston Carpal 
Tunnel Questionnaire, the Patient Rated Hand/Wrist Evaluation and the Visual Analog 
Scale. Notably, we found that patients being treated nonsurgically had lower MICs 
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(indicating being satisfied with a smaller improvement) compared to patients being treated 
surgically. 

Chapter 3 presents a new anchor-based method using Item Response Theory to calculate 
Patient Acceptable Symptom State estimates (i.e., at what symptom level patients consider 
themselves as “good” after treatment). In a simulation study, we showed that this method 
provides more precise and reliable estimates of the Patient Acceptable Symptom State than 
previous, frequently used methods. Additionally, we applied this method to calculate the 
Patient Acceptable Symptom State for pain following trigger finger release. 

In Chapter 4, we used the method from Chapter 3 to provide estimates of the Patient 
Acceptable Symptom State for three multi-item Patient Reported Outcome Measures for 
35 diagnosis-treatment combinations for hand and wrist disorders. In conclusion, in Part 
I we have determined the Minimally Important Change and Patient Acceptable Symptom 
State values for many common hand and wrist disorders and how these values should be 
calculated. 

PART II – CLINICALLY IMPORTANT OUTCOMES OF 
TREATMENT (STRATEGIES) FOR THUMB BASE OSTEOAR-
THRITIS 

While outcomes of several treatment options for thumb base osteoarthritis are widely 
described, longer follow-up periods and consensus-based definitions of outcomes such as 
complications, are needed to improve pretreatment information provision for patients with 
thumb base osteoarthritis. Additionally, cost-effectiveness is often unknown, while such 
information is useful to guide treatment strategies from a societal perspective. Therefore, 
in Part II, we determined long-term outcomes, complications, and cost(effectiveness) 
of several treatment options for thumb base osteoarthritis, both nonsurgical and surgical. 

Chapter 5 presents the long-term outcomes of nonsurgical treatment for thumb base 
osteoarthritis in our cohort (i.e., hand therapy, with or without an orthosis). Patients 
reported a sustained positive effect on pain from 1 year after treatment onwards, and only 
22% underwent surgery at a median follow-up of 7 years. 

In Chapter 6, we used the “International Consortium for Health Outcomes Measurement 
Complications in Hand and Wrist conditions” classification system to study complications 
following trapeziectomy with a Weilby sling for thumb base osteoarthritis. The complication 
rate was 35%, with 16% being Grade 1 (e.g., requiring additional hand therapy) and 19% 
being Grade 2/3 events (e.g., receiving a corticosteroid injection for Flexor Carpi Radialis 
tendinitis, or revision surgery). As only Grade 2/3 events were associated with worse 
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patient-reported outcomes twelve months postoperatively, we proposed to reclassify Grade 
1 events as “adverse protocol deviations” and consider Grade 2 and 3 as “complications”. 

Considering that multiple surgical techniques are being used within our cohort to treat 
thumb base osteoarthritis, we compared the outcomes of four techniques in Chapter 7. 
Specifically, we compared treatment outcomes of a) trapeziectomy with tendon interposition 
(Anchovy plasty), b) trapeziectomy with Flexor Carpi Radialis sling (Weilby plasty), c) 
trapeziectomy with Flexor Carpi Radialis sling and bone tunnel (Burton-Pellegrini plasty), 
and d) trapeziectomy with Abductor Pollicis Longus sling (Zancolli plasty). We found 
no differences in pain at twelve months, accounting for potential differences in patient 
characteristics and symptom severity. Regarding secondary outcomes, patients receiving 
a trapeziectomy with Anchovy plasty were more likely to experience a clinically relevant 
improvement in pain. 

Given the many treatment strategies for thumb base osteoarthritis, with differing costs, 
we evaluated cost-effectiveness of four potential treatment strategies for thumb base 
osteoarthritis over a 10-year period in Chapter 8. Both treatment-related costs and societal 
costs were included. We found that starting with nonsurgical treatment, considering surgery 
if needed, resulted in 7.01 Quality-Adjusted Life-Years at a cost of 23.175 Euro per patient 
over a 10-year period. This treatment strategy had the highest probability of being cost-
effective in our probabilistic sensitivity analysis. 

In summary, Part II shows the importance of treating patients with thumb base osteoarthritis 
first nonsurgically. Surgery can be considered if nonsurgical treatment fails to relieve 
symptoms sufficiently, but surgical outcomes vary, and there is a considerable number of 
complications. 

PART III - PROGNOSTIC FACTORS FOR CLINICALLY IM-
PORTANT TREATMENT OUTCOMES (FOR THUMB BASE 
OSTEOARTHRITIS) 

Treatment outcomes for hand and wrist conditions can vary considerably from patient 
to patient, but it is poorly understood why certain patients have positive or negative 
treatment outcomes. Therefore, in Part III, we aimed to better understand which factors 
explain variation in treatment outcomes. A particular focus was on the relation between 
psychological factors (including psychological distress, pain catastrophizing, and illness 
perceptions) and expectations and treatment outcomes. 

In Chapter 9, we studied to what extent psychological factors explain pain levels 
prior to nonsurgical treatment for thumb base osteoarthritis. We found that 41% of 
the variance in pre-treatment pain levels could be explained by psychological factors, 
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such as pain catastrophizing, and illness perceptions. Notably, only 1% could be 
explained by radiographical severity of the osteoarthritis (i.e., presence or absence of 
scaphotrapeziotrapezoid osteoarthritis), whereas previously, this is considered an important 
factor in making treatment decisions by many clinicians. 

In Chapter 10, we assessed which pre-treatment factors were associated with outcomes of 
nonsurgical thumb base osteoarthritis treatment after three months. In addition to lower 
pre-treatment symptom severity and being a non-smoker, we found that positive outcome 
expectations and better illness understanding were associated with better treatment 
outcomes at three months following nonsurgical thumb base osteoarthritis treatment. 

In Chapter 11, we assessed which factors were associated with satisfaction with treatment 
results three months after nonsurgical treatment for thumb base osteoarthritis. We found 
that outcome expectations were the only factor related to satisfaction with treatment results. 
In As we found an association between outcome expectations and pain and hand function 
three months post-treatment in Chapter 10, we also examined whether these outcomes 
mediate the relationship between outcome expectations and satisfaction with treatment 
results. 

We found a partial mediation effect, indicating that there is also a direct association between 
outcome expectations and satisfaction with treatment outcomes. 

In Chapter 12, we studied which factors are associated with satisfaction with treatment 
outcomes in a broader population of patients receiving one of six different (non)surgical 
treatments for varying hand and wrist conditions (e.g., carpal tunnel syndrome, Dupuytren’s 
disease, and midcarpal laxity). Like Chapter 11, we found a positive association between 
pre-treatment expectations and satisfaction with treatment results. 

Because we found pre-treatment expectations to be associated with treatment outcomes 
in Chapter 10, and with satisfaction with treatment outcomes in Chapters 11 and 12, we 
studied how variation in pre-treatment expectations is explained by patient characteristics, 
surgeon characteristics, and treatment characteristics in Chapter 13. We found that 
surgical treatment and more positive illness perceptions were associated with more positive 
expectations, indicating that expectation management should be tailored to the specific 
treatment modality and the specific patient (including the way they perceive their illness). 

Personal injury claim involvement is generally considered as a risk factor for poor outcomes 
in (orthopedic) surgery. Therefore, in Chapter 14, we examined whether personal injury 
claim involvement was negatively associated with pain, hand function, and time to return 
to work in patients treated for hand or wrist conditions. We found that surgically treated 
patients involved in a personal injury claim experienced more pain, reduced hand function, 
and return to work time than matched patients without a claim. For nonsurgically treated 
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personal injury claim patients, similar negative associations were found for pain and return 
to work time. 

In brief, Part III demonstrates the association between psychological factors and treatment 
outcomes for hand and wrist conditions. More positive pre-treatment expectations are 
(independently) related to better treatment outcomes, suggesting that improved expectation 
management by clinicians may positively affect treatment outcomes. 

PART IV - DEVELOPMENT, VALIDATION, AND ADDED 
VALUE OF PREDICTION MODELS IN HAND SURGERY 

Prediction models are promising tools to inform individual patients on their likely treatment 
outcomes, but they are scarcely available for patients with hand and wrist conditions. 
Therefore, in Part IV of this thesis, we aimed to develop and validate prediction models to 
inform patients on their individual probability of improvement after treatment for hand or 
wrist conditions. Additionally, we studied whether these prediction models are of added 
value for clinical decision-making. 

In Chapter 15, we developed and internally validated a prediction model for the probability 
of a clinically relevant improvement in symptoms following carpal tunnel release surgery. 
The best performing model using 5 predictors, had a discriminative ability of 0.72 and 
good calibration in the holdout test dataset. We implemented this prediction model (CTR 
model) into a web application to facilitate its use. 

Using the same methodology, we tried to develop and validate prediction models for 
improvement in pain and hand function after surgical treatment for thumb base osteoarthritis 
in Chapter 16. While the model predicting hand function had a good discriminative ability 
(AUC 0.74) and sufficient calibration, the model predicting pain was deemed insufficient 
for use due to a poor discriminative ability (AUC 0.59) and poor calibration. Like the CTR 
model, we presented the prediction for hand function using a web application. 

In Chapter 17, we evaluated the performance of the Carpal Tunnel Release (CTR) model 
(presented in Chapter 15) over time. Additionally, we assessed the potential added value of 
the CTR model in clinical decision-making. The model performance in temporal validation 
was still sufficient and quite similar to the performance in the internal validation (AUC 
0.78 and good calibration). The net benefit analysis showed better decision-making based 
on the prediction model compared with the surgeons’ decision-making. 

Considering that prediction models are increasingly being developed for outcomes of many 
surgical treatments, in Chapter 18, we provided an overview of published prediction 
models for outcomes of upper extremity surgery, the availability of these models for 
clinicians, and their risk of bias. In the literature search up to April 21st, 2022, we found 
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22 relevant publications about 28 prediction models, with most being applicable to shoulder 
arthroplasty outcomes. There is a need for external validation of existing models and 
development of models for outcomes of hand, wrist, and elbow surgery. 

We concluded this thesis by investigating whether a single, generic prediction model can 
be used to predict outcomes for multiple diagnosis-treatment combinations in Chapter 19. 
We found that the generic models were equally suitable for clinical application as diagnosis-
treatment-specific models. Given the developmental and implementation advantages, 
generic models seem preferable and effective in facilitating shared decision-making. 

In conclusion, in Part IV, we have shown that we can develop well-performing prediction 
models for treatment outcomes of hand and wrist conditions, that these have potential to 
improve decision-making, and that a more general approach with one prediction model for 
multiple diagnosis-treatment combinations results in sufficient model performance and is 
feasible to implement. 

Chapter 20 discusses these findings, their implications, and the limitations of these studies 
in more detail. 
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SAMENVATTING 

Binnen een patiëntgerichte zorgsetting is het momenteel best practice dat patiënten samen 
met hun behandelend arts beslissen over de meest geschikte behandeloptie, waarbij rekening 
gehouden wordt met hun wensen en wat zij belangrijk vinden. Dit besluitvormingsproces 
wordt ook wel shared decision-making genoemd. Dit is vooral van meerwaarde bij 
besluitvorming rondom electieve (niet-urgente) behandelingen, zoals bij behandelingen voor 
veel hand- of polsaandoeningen. Hoewel shared decision-making als best practice wordt 
beschouwd en patiënten dit prettig vinden, wordt het niet altijd toegepast in de dagelijkse 
klinische praktijk. Beslissingen zijn vaak gebaseerd op de ervaring van zorgverleners en 
geldende richtlijnen, wat kan leiden tot een weinig persoonlijke benadering van de patiënt, 
ongewenste variabiliteit in beslissingen tussen zorgverleners en in hoe zorgverleners hun 
patiënten informeren. Om dit te verbeteren is het essentieel dat patiënten van hun arts 
relevante en objectieve informatie krijgen over de behandelopties, met de bijbehorende 
risico's en voordelen. 

Daarom is het hoofddoel van dit proefschrift om patiënten met hand- en polsaandoeningen 
en hun zorgverleners te voorzien van klinisch relevante, gepersonaliseerde en datagedreven 
uitkomstinformatie om shared decision-making omtrent de meest geschikte behandeloptie 
te vergemakkelijken. Hiervoor gebruikten we routinematige uitkomstinformatie om 
klinisch relevante behandeluitkomsten te beschrijven, om variatie in behandeluitkomsten 
te verklaren en om behandeluitkomsten voor individuele patiënten met hand- en 
polsaandoeningen te voorspellen. In de volgende secties worden de belangrijkste 
bevindingen samengevat, volgens de structuur van dit proefschrift: I) Bepalen van klinisch 
relevante uitkomstwaarden, II) Uitkomsten van behandeling(strategieën) voor duimbasis 
artrose, III) Prognostische factoren voor behandeluitkomsten, en IV) Ontwikkeling, 
validatie en meerwaarde van predictiemodellen voor handchirurgie en handtherapie. 

DEEL I - KLINISCH RELEVANTE UITKOMSTWAARDEN 
BEPALEN 

Om uitkomsten te kunnen beschrijven, verklaren en voorspellen, moeten we eerst weten 
wat patiënten als relevante behandeluitkomsten beschouwen . Dit kan worden uitgedrukt in 
concepten zoals de Minimally Important Change (MIC) en de Patient Acceptable Symptom 
State (PASS). Omdat klinisch relevante uitkomstwaarden voor patiënten met hand- en 
polsaandoeningen beperkt gerapporteerd zijn in de literatuur, hebben we deze in deel 
I bepaald voor verschillende veel voorkomende patient-gerapporteerde uitkomstmaten 
(PROMs). Daarnaast hebben we gekeken of de klinisch relevante uitkomstwaarden 
verschillen tussen hand- en polsaandoeningen. 
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Hoofdstuk 2 geeft schattingen van de minimale verbetering die patiënten beschouwen als 
een relevante verbetering (d.w.z. de MIC) voor de Michigan Hand outcomes Questionnaire, 
de Boston Carpal Tunnel Questionnaire, de Patient Rated Hand/Wrist Evaluation en de 
Visual Analog Scale. We vonden dat patiënten die conservatief werden behandeld, lagere 
MIC's hadden (wat aangeeft dat ze tevreden zijn met een kleinere verbetering) vergeleken 
met patiënten die chirurgisch werden behandeld.  

Hoofdstuk 3 introduceert een nieuwe anker-gebaseerde methode die gebruik maakt van 
Item Response Theory om de PASS te berekenen (d.w.z. wanneer patiënten zichzelf als 
“goed” beschouwen na behandeling). In een simulatiestudie toonden we aan dat deze 
methode preciezere en betrouwbaardere schattingen van de PASS geeft dan vorige, vaak 
gebruikte methoden. Ook pasten we deze methode toe om de PASS te berekenen voor pijn 
na een trigger finger release.  

In Hoofdstuk 4 gebruikten we de methode uit Hoofdstuk 3 om schattingen te geven van 
de PASS voor drie multi-item PROMs (de Michigan Hand outcomes Questionnaire, de 
Boston Carpal Tunnel Questionnaire en de Patient Rated Hand/Wrist Evaluation) voor 35 
diagnose-behandelcombinaties voor hand- en polsaandoeningen. 

Concluderend hebben we in Deel I nieuwe methoden ontwikkeld om de PASS waarden te 
berekenen en hebben voor de meest voorkomende hand en pols aandoeningen de MIC en 
PASS waarden bepaald. 

DEEL II - KLINISCH RELEVANTE UITKOMSTEN VAN BE-
HANDELING(STRATEGIEËN) VOOR DUIMBASISARTROSE 

De uitkomsten van verschillende behandelopties voor duimbasisartrose zijn in de literatuur 
vrij uitgebreid beschreven. Er zijn echter langere follow-up periodes nodig en op consensus 
gebaseerde uitkomstdefinities, bijvoorbeeld voor complicaties, om de informatievoorziening 
voorafgaand aan de behandeling voor patiënten met duimbasisartrose te verbeteren. Ook is 
het vaak niet bekend in hoeverre behandelingen en behandelingstrategieën kosteneffectief 
zijn, terwijl dergelijke informatie erg nuttig is ter bepaling van behandelrichtlijnen. Daarom 
hebben we in deel II de lange termijn resultaten, complicaties en kosteneffectiviteit van 
verschillende (niet-) chirurgische behandelingsopties voor duimbasisartrose bepaald. 

In Hoofdstuk 5 staan de lange termijn uitkomsten van niet-chirurgische behandeling 
(d.w.z. handtherapie, met of zonder orthese) van duimbasisartrose in ons cohort beschreven. 
Patiënten rapporteerden een blijvend positief effect op pijn vanaf 1 jaar na de behandeling 
en slechts 22% onderging een operatie bij een mediane follow-up van 7 jaar.  

In Hoofdstuk 6 hebben we het classificatiesysteem “International Consortium for Health 
Outcomes Measurement Complications in Hand and Wrist conditions” gebruikt om 
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complicaties na trapeziectomie met een Weilby sling voor duimbasisartrose te bestuderen. 
Het complicatiepercentage was 35%, waarvan 16% graad 1 was (bijv. extra handtherapie 
nodig) en 19% graad 2/3 (bijv. een corticosteroïdinjectie voor Flexor Carpi Radialis 
tendinitis of een revisie operatie). Aangezien alleen graad 2/3 complicaties geassocieerd 
waren met slechtere patiënt gerapporteerde uitkomsten twaalf maanden postoperatief, 
stelden we voor om graad 1 te herclassificeren als “adverse protocol deviations” en graad 
2 en 3 te beschouwen als “complicaties”.  

Aangezien er binnen ons cohort meerdere chirurgische technieken worden gebruikt 
om duimbasisartrose te behandelen, hebben we in Hoofdstuk 7 de uitkomsten van vier 
technieken met elkaar vergeleken. Specifiek vergeleken we de behandelresultaten van 
a) trapeziectomie met peesinterpositie (Anchovy plastiek), b) trapeziectomie met Flexor 
Carpi Radialis sling (Weilby plastiek), c) trapeziectomie met Flexor Carpi Radialis sling 
en bottunnel (Burton-Pellegrini plastiek), en d) trapeziectomie met Abductor Pollicis 
Longus sling (Zancolli plastiek). We vonden geen verschillen in pijn tussen de chirurgische 
technieken na twaalf maanden, rekening houdend met verschillen in patiëntkenmerken en 
ernst van de symptomen. Op secundaire uitkomsten hadden patiënten die een trapeziectomie 
met Anchovy plastiek een iets grotere kans om een klinisch relevante verbetering in pijn 
te ervaren.  

Gezien de vele behandelstrategieën voor duimbasisartrose, met verschillende kosten, hebben 
we in Hoofdstuk 8 de kosteneffectiviteit van vier potentiële behandelstrategieën voor 
duimbasisartrose over een periode van 10 jaar geëvalueerd. Zowel behandeling gerelateerde 
kosten als maatschappelijke kosten werden meegenomen. We ontdekten dat beginnen met 
niet-chirurgische behandeling en indien nodig chirurgie overwegen, resulteerde in 7,01 
kwaliteit gecorrigeerde levensjaren tegen kosten van 23,175 euro per patiënt over een 
periode van 10 jaar. Deze behandelingsstrategie had de hoogste waarschijnlijkheid om 
kosteneffectief te zijn in onze sensitiviteitsanalyse.  

Samengevat laat deel II zien dat het belangrijk het is om patiënten met duimbasisartrose 
eerst niet-chirurgisch te behandelen. Chirurgie kan overwogen worden als niet-chirurgische 
behandeling de symptomen onvoldoende verlicht, maar chirurgische resultaten variëren 
en er is een aanzienlijk aantal complicaties. 

DEEL III - PROGNOSTISCHE FACTOREN VOOR KLINISCH 
RELEVANTE BEHANDELUITKOMSTEN (VOOR DUIMBASIS-
ARTROSE) 

Behandeluitkomsten voor hand- en polsaandoeningen kunnen van patiënt tot patiënt 
aanzienlijk verschillen, maar het is vaak onduidelijk waarom bepaalde patiënten goede of 
slechte behandeluitkomsten hebben. Daarom probeerden we in deel III beter te begrijpen 
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welke factoren variatie in behandeluitkomsten verklaren. We richtten ons met name op de 
relatie tussen psychologische factoren (waaronder angst en depressie, pijn catastroferen en 
ziektepercepties), verwachtingen en behandeluitkomsten. 

In Hoofdstuk 9 onderzochten we in hoeverre psychologische factoren het pijnniveau 
voorafgaand aan een niet-chirurgische behandeling voor duimbasisartrose verklaren. 
We vonden dat 41% van de variatie in pijnniveaus voorafgaand aan de behandeling verklaard 
kon worden door psychologische factoren, zoals pijn catastroferen en ziektepercepties. 
Opvallend was dat slechts 1% verklaard kon worden door de radiografische ernst van de 
artrose (d.w.z. aan- of afwezigheid van scaphotrapeziotrapezoïde artrose), terwijl dit door 
veel zorgverleners als een belangrijke factor wordt beschouwd in de besluitvorming rondom 
behandelingen van duimbasisartrose.  

In Hoofdstuk 10 hebben we onderzocht welke factoren aanwezig vóór de behandeling 
geassocieerd waren met uitkomsten van niet-chirurgische duimbasis artrose behandeling 
op drie maanden. Naast een lagere ernst van de symptomen vóór de behandeling en niet 
roken, vonden we dat positieve verwachtingen en een beter ziekte-inzicht geassocieerd 
waren met betere behandeluitkomsten op drie maanden na niet-chirurgische duimbasis 
artrose behandeling.  

In Hoofdstuk 11 onderzochten we welke factoren geassocieerd waren met tevredenheid 
met de behandeluitkomsten drie maanden na niet-chirurgische behandeling voor duimbasis 
artrose. We vonden dat verwachtingen de enige factor was die gerelateerd was aan 
tevredenheid met de behandeluitkomsten. Omdat we in hoofdstuk 10 een associatie vonden 
tussen verwachtingen en pijn en handfunctie drie maanden na de behandeling, hebben we 
ook onderzocht of pijn en handfunctie de relatie tussen verwachtingen en tevredenheid 
met de behandeluitkomsten mediëren.  We vonden een partieel mediatie-effect, wat 
aangeeft dat er ook een directe associatie is tussen verwachtingen en tevredenheid met de 
behandeluitkomsten.  

In Hoofdstuk 12 hebben we in een bredere populatie onderzocht welke factoren 
geassocieerd zijn met tevredenheid met de behandeluitkomsten. We hebben patiënten 
geïncludeerd die zes verschillende (niet-)chirurgische behandelingen ondergingen voor 
hun hand- of polsaandoening (incl. carpaal tunnel syndroom, de ziekte van Dupuytren en 
midcarpale laxiteit). Net als in Hoofdstuk 11 vonden we een positieve associatie tussen 
verwachtingen en tevredenheid met de behandeluitkomsten.  

Omdat we in hoofdstuk 10 vonden dat verwachtingen geassocieerd waren met de 
behandeluitkomsten en in hoofdstuk 11 en 12 met tevredenheid met de behandeluitkomsten, 
hebben we in Hoofdstuk 13 onderzocht hoe variatie in verwachtingen vooraf wordt 
verklaard door patiëntkenmerken, chirurgkenmerken en behandelkenmerken. We vonden 
dat chirurgische behandeling en positievere ziektepercepties geassocieerd waren met 
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positievere verwachtingen, wat aangeeft dat verwachtingsmanagement moet worden 
afgestemd op de specifieke behandelingsmodaliteit en de specifieke patiënt (inclusief de 
manier waarop zij tegen hun ziekte aankijken).  

Betrokkenheid bij letselschadeclaims wordt over het algemeen beschouwd als een 
risicofactor voor slechte uitkomsten bij (orthopedische) chirurgie. Daarom onderzochten 
we in Hoofdstuk 14 of betrokkenheid bij een letselschadeclaim negatief geassocieerd 
was met pijn, handfunctie en tijd tot terugkeer naar werk bij patiënten die behandeld 
werden voor hand- of pols-aandoeningen. We vonden dat chirurgisch behandelde patiënten 
die betrokken waren bij een letselschadeclaim meer pijn, verminderde handfunctie en 
werkhervatting ervoeren dan vergelijkbare patiënten zonder claim. Voor niet-chirurgisch 
behandelde letselschadepatiënten werden vergelijkbare negatieve associaties gevonden 
voor pijn en werkhervatting.  

Kort samengevat toont deel III de associatie aan tussen psychologische factoren en 
behandeluitkomsten voor hand- en polsaandoeningen. Positievere verwachtingen 
voorafgaand aan de behandeling zijn gerelateerd aan betere behandeluitkomsten, 
wat suggereert dat verbeteringen in verwachtingsmanagement door zorgverleners de 
behandeluitkomsten positief zou kunnen beïnvloeden. 

DEEL IV - ONTWIKKELING, VALIDATIE EN MEERWAARDE 
VAN PREDICTIEMODELLEN VOOR HANDCHIRURGIE 

Predictiemodellen zijn veelbelovende hulpmiddelen om individuele patiënten te informeren 
over hun waarschijnlijke behandeluitkomsten, maar ze zijn nauwelijks beschikbaar voor 
patiënten met hand- en polsaandoeningen. Daarom richtten we ons in deel IV van dit 
proefschrift op het ontwikkelen en valideren van predictiemodellen om patiënten te 
informeren over hun individuele kans op verbetering na een behandeling voor hun hand- 
of pols-aandoening. Daarnaast onderzochten we of deze voorspellingsmodellen van 
meerwaarde zijn voor klinische besluitvorming. 

In Hoofdstuk 15 ontwikkelden en valideerden we een predictiemodel voor de kans op 
een klinisch relevante verbetering van symptomen na een carpaal tunnel release operatie. 
Het best presterende model, gebaseerd op 5 predictoren, had een discriminerend vermogen 
van 0,72 en een goede kalibratie in de hold-out test dataset. We hebben dit predictiemodel 
beschikbaar gesteld in een webapplicatie om het gebruik ervan te vergemakkelijken.  

Met dezelfde methodologie als in hoofdstuk 15 hebben we in Hoofdstuk 16 geprobeerd om 
predictiemodellen te ontwikkelen en te valideren voor verbetering in pijn en handfunctie 
na chirurgische behandeling van duimbasisartrose. Hoewel het model dat handfunctie 
voorspelde een goed discriminerend vermogen (AUC 0,74) en voldoende kalibratie had, 
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werd het model dat pijn voorspelde als onvoldoende voor gebruik beschouwd vanwege 
een slecht discriminerend vermogen (AUC 0,59) en slechte kalibratie. Net als bij het 
carpaal tunnel release model hebben we het model voor handfunctie in een webapplicatie 
beschikbaar gesteld.  

In Hoofdstuk 17 hebben we de prestaties van het carpaal tunnel release model over de 
tijd geëvalueerd (gepresenteerd in hoofdstuk 15). Daarnaast hebben we de potentiële 
toegevoegde waarde van het CTR-model bij klinische besluitvorming onderzocht. 
De prestaties van het model in de validatie in de tijd waren nog steeds voldoende en 
vergelijkbaar met de prestaties in de interne validatie (AUC 0,78 en goede kalibratie). De net 
benefit analyse liet een betere besluitvorming zien op basis van het voorspellingsmodel 
vergeleken met de huidige besluitvorming van handchirurgen.  

Aangezien er steeds meer voorspellingsmodellen worden ontwikkeld voor uitkomsten 
van veel chirurgische behandelingen, hebben we in Hoofdstuk 18 een overzicht gegeven 
van gepubliceerde voorspellingsmodellen voor uitkomsten van chirurgie aan de bovenste 
extremiteit, de beschikbaarheid van deze modellen voor zorgverleners en hun risico op 
bias. In de literatuursearch tot 21 april 2022 vonden we 22 artikelen, waarin 26 relevante 
voorspellingsmodellen werden beschreven. De meeste hiervan waren toepassing op 
uitkomsten van schouderartroplastiek. We adviseren externe validatie van bestaande 
voorspellingsmodellen en om nieuwe modellen te ontwikkelen voor de uitkomsten van 
hand, pols en elleboog chirurgie. 

Tenslotte hebben we in Hoofdstuk 19 onderzocht of een enkel, generiek voorspellingsmodel 
kan worden gebruikt om uitkomsten te voorspellen voor meerdere diagnose-
behandelcombinaties. We vonden dat generieke voorspellingsmodellen net zo goed klinisch 
toepasbaar waren als diagnose-behandeling specifieke modellen. Vanwege hun voordelen 
qua ontwikkeling en implementatie, zijn generieke modellen veelbelovend en kunnen ze 
effectief shared decision-making faciliteren.  

Concluderend hebben we in deel 4 laten zien dat we goed presterende voorspellingsmodellen 
kunnen ontwikkelen voor behandeluitkomsten van hand- en polsaandoeningen, dat deze 
potentieel hebben om de besluitvorming te verbeteren, en dat een meer algemene benadering 
met één voorspellingsmodel voor meerdere diagnose-behandelcombinaties ook resulteert 
in goede modelprestaties en haalbaar is om te implementeren. 

In Hoofdstuk 20 worden deze bevindingen, hun implicaties en de beperkingen van deze 
studies in meer detail besproken. 
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