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Summary: Routine measurement of outcome of clinical care is increasingly
considered important, but implementation in practice is challenging. This article describes (1) how the authors created and implemented a routine outcome measurement cohort of patients with hand and wrist conditions and (2)
how these data are used to improve the quality of care and facilitate scientific
research. Starting in 2011, routine outcome measurement was implemented at
all practice sites (currently 22) of a specialized treatment center for hand and
wrist conditions across The Netherlands. The authors developed five “measurement tracks,” including measurements administered at predetermined time
points covering all hand and wrist disorders and treatments. An online system
automatically distributes measurements among patients, which can be accessed
by health care professionals. Using this system, the total number of yearly assigned tracks increased up to over 16,500 in 2018, adding up to 85,000 tracks
in 52,000 patients in total. All surgeons, therapists, and other staff have direct
access to individual patient data and patients have access to their treatment
information using a secure patient portal. The data serve as a basis for studies
on, among others, comparative effectiveness, prediction modeling, and clinimetric analyses. In conclusion, the authors present the design and successful implementation of a routine outcome measurement system that was made
feasible using a highly automated data collection infrastructure, tightly linked
to the patient journey and the workflow of health care professionals. The system serves not only as a tool to improve care but also as a basis for scientific
research studies. (Plast. Reconstr. Surg. 146: 343, 2020.)

R

outine measurement of the outcome of
clinical care is increasingly considered
important in health care. It is a key aspect
of value-based health care, patient-centered care,
and other quality-of-care initiatives.1 For example,
the Dutch government strives to have objective
outcome data on 50 percent of all health care in
2022,2 and in Sweden, outcome measurements
have been part of a national registry for years.3
The goals of routine outcome measurement
are multiple, including improving communication
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and treatment guidance at the patient level, in
addition to benchmarking of outcome at the
level of individual clinicians or treatment centers.
This benchmark information may help to establish priorities in resource allocation, and provide
clinicians and managers with valuable feedback
on performance. Furthermore, routine outcome
measurement systems generate large data sets
that can be used in scientific research. These “big
data” can help provide knowledge on, for example, comparative effectiveness, predictive factors
of outcome, and psychometric properties of measurement instruments.
Although routine outcome measurement
has been advocated for years, implementation
in clinical practice is limited because of several
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challenges. These include lack of (1) consensus
on which outcome measurements should be collected; (2) appropriate information technology
infrastructure for data collection; (3) time and
financial resources for data collection; (4) compliance of both patients and health care providers
in data collection; (5) analysis and visualization
tools; and (6) knowledge to improve clinical care
by using the data.
In 2009, Xpert Clinic, Handtherapie Nederland, and Erasmus MC, University Medical Center
Rotterdam started an initiative to collect routine
outcome data in all patients with hand and wrist
disorders undergoing surgical or nonsurgical
treatment in their centers. This article provides an
overview of this routine outcome measurement
cohort by describing its design, development, and
implementation. Furthermore, we describe how
the accumulated data are used to improve the
quality of health care and facilitate ongoing scientific research. By sharing our lessons learned,
we hope to help others overcome the hurdles to
implement routine outcome measurement.

PATIENTS AND METHODS
Treatment Locations and Patient Population
Routine outcome measurement was implemented in 2011 at all practice sites (currently n =
22) of Xpert Clinic and Handtherapie Nederland
across The Netherlands. Presently, 23 European
Board–certified (Federation of European Societies for Surgery of the Hand) hand surgeons, multiple hand surgery fellows, and more than 150
hand therapists are employed within these organizations. The organizations provide nonsurgical
and surgical treatment for acute and nonacute
hand and wrist disorders, excluding emergency
care. Patients are referred by either their general
practitioner or another medical specialist. Surgical treatment is performed only in patients with
an American Society of Anesthesiologists score of
1 to 2. Table 1 shows an overview of the most common disorders and treatments.
Before any measurement or treatment, all
patients are digitally asked for permission to use
their data anonymously for scientific research.
If a patient does not provide informed consent,
the data will only be used for direct health care
purposes but not for scientific analysis. Patients
can always withdraw their consent. Access to all
questionnaires, including the one on informed
consent, is restricted through the use of a unique
secret identifier provided to the individual patient
by e-mail. Approval from the local medical ethical

review board is obtained for each scientific study
that uses the data.
Measurements
In 2010, a working group consisting of hand
surgeons, hand therapists, and researchers from
Xpert Clinic, Handtherapie Nederland, and Erasmus MC developed a measurement set based on
existing guidelines.4 Instruments were considered
if they were of direct use for clinical care, quality
assessment, or treatment outcome evaluation and
had proper psychometric properties.4 Measurements only relevant for scientific research or analyses of underlying abnormality (e.g., radiographic
imaging or electromyography) were excluded
from routine registration. All measurements were
kept to a minimum to reduce the burden and
optimize compliance.
The clinician-reported outcome measurements include grip and pinch strength and range
of motion, whereas patient-reported outcome
measurements include pain, hand function, aesthetics, return to work/daily activities, and satisfaction with the outcome. Furthermore, the Dutch
Patient Reported Experience Measure is used.5
Next, we created “measurement tracks,” consisting of a specific set of measurements administered
at predetermined time points for each treatment or
condition. We aimed to create as few measurement
tracks as possible, based on similarity in the relevance of outcome domains and time points needed
to capture the patients’ health status. Eventually,
five main measurement tracks were developed: (1)
thumb disorders, (2) wrist disorders, (3) finger
disorders, (4) Dupuytren’s disease, and (5) compression neuropathy. The thumb, wrist, and finger
tracks were further divided into a “regular” track,
including shorter follow-up and fewer measurements (e.g., for trigger finger); and an “extended”
track, including longer follow-up and more measurements (e.g., for thumb base surgery). For all
measurement tracks, selected time points were
baseline and combinations of 6 weeks and 3, 6, and
12 months after treatment (Table 2). Table 2 shows
the content of each measurement track, which is
reviewed and updated every 2 years. If a patient
receives multiple concurrent treatments, only one
track is assigned at treatment onset by the hand
therapist in collaboration with the hand surgeon.
To select this single track, we developed a priority rule based on the treatment that we expected,
on average, to have the most impact (Table 1).
Although only a single track is assigned in these
cases, all concurrent treatments are registered. The
same priority rule is applied when a new treatment
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2. Thumb
Extended
• Trapeziectomy with
Burton-Pellegrini
• Trapeziectomy
without LRTI
• Hemitrapeziectomy
without LRTI
• CMC-1 denervation
• CMC-1 arthrodesis
• CMC-1 revision
arthroplasty
• STT excision
• CMC-1 instability
surgery
• UCL reinsertion
MCP-1
• VP reinsertion MCP-1
• VP reconstruction
MCP-1
• MCP-1 arthrodesis
• IP-1 arthrodesis
• Tenolysis tendons of
the thumb
• Fracture thumb
treated surgically

3. Finger
Extended
• DIP arthrodesis
• DIP prosthesis
• PIP arthrodesis
• PIP prosthesis
• MCP arthrodesis
• MCP prosthesis
• Tenolysis flexors
finger
• Tenolysis
extensors finger
• Neurorrhaphy
finger
• VP reinsertion
MCP
• VP reinsertion PIP
• VP release PIP
• UCL/RCL
reinsertion/
reconstruction
MCP
• Sagittal band
reinsertion
• Corrective
osteotomy P1, P2
• Fracture finger
treated surgically
• Fracture
finger treated
nonsurgically
• Amputation

4. Dupuytren’s
Disease
• Limited
fasciectomy
• Limited
fasciectomy with
skin graft
• Percutaneous
needle
aponeurotomy
(possibly with
lipofilling)
• Collagenase
clostridium
histolyticum
(Xiapex; Pfizer,
New York, N.Y.)

5. Compression
Neuropathy
• Carpal tunnel
release
• Guyon tunnel
release
• Cubital
tunnel
release
• Radial tunnel
release
• Carpal tunnel
syndrome
treated
nonsurgically
• Pronator
syndrome
treated
nonsurgically
• Cubital
tunnel
syndrome
treated
nonsurgically
• Radial tunnel
syndrome
treated
nonsurgically
6. Wrist Regular
• Release first extensor
compartment
• Reconstruction first
extensor compartment
• Wrist arthroscopy
(diagnostic)
• Carpal boss wig
excision
• GCD excision
• Removal of
osteosynthesis material
wrist
• Denervation wrist
• Midcarpal instability/
laxity treated
nonsurgically
• Wrist OA treated
nonsurgically
• STT OA treated
nonsurgically
• Tendinitis/
tendovaginitis wrist
treated nonsurgically
• Wrist synovectomy

7. Thumb
Regular
• Trigger
thumb
release
• Mallet
surgery
thumb
• Mucoid
cyst thumb
excision
• Excision
glomus
tumor
• Nail bed
surgery
• Trigger
thumb
treated
nonsurgically
• Mallet thumb
treated
nonsurgically
• CMC-1 OA
treated
nonsurgically
• CMC-1
instability
treated
nonsurgically

8. Finger
Regular
• Trigger finger
release
• Mallet surgery
finger
• Excision
glomus tumor
• Nail bed
surgery
• Removal of
osteosynthesis
material finger
• Trigger
finger treated
nonsurgically
• Mallet finger
treated
nonsurgically
• MCP/PIP/
DIP OA
treated
nonsurgically
• UCL/RCL/VP
injury MCP/
PIP/DIP
treated
nonsurgically

LT, ligament tenodesis; LCTH, capitate-lunate-triquetrum-hamate; TFCC, triangular fibrocartilage complex; LRTI, ligament reconstruction and tendon interposition; CMC, carpometacarpal;
STT, scaphotrapeziotrapezoidal; UCL, ulnar collateral ligament; MCP, metacarpophalangeal; VP, volar plate; IP, interphalangeal; DIP, distal interphalangeal; PIP, proximal interphalangeal;
RCL, Radial collateral ligament; GCD, Ganglion carpi dorsal; OA, osteoarthritis.
*Grouping is based on similar outcome domains and follow-up periods needed to capture the health status of the patient after an intervention. If a patient receives multiple treatments, only
one track is assigned based on a priority rule. The tracks are ordered from left to right based on this priority. Thus, for example, when Dupuytren surgery (Dupuytren track) and a trigger
finger release (finger regular track) are performed at the same time, only the Dupuytren track is assigned because it has a higher priority. Moreover, when a treatment is started with a higher
track priority (e.g., trapeziectomy with the thumb extended track), the earlier assigned track (e.g., nonsurgical treatment for thumb osteoarthritis with thumb regular track), the earlier track
is stopped and the new track is assigned.

1. Wrist Extended
• Corrective
osteotomy distal
radius
• Ulna shortening
• Brunelli/3 LT
• LT
reconstruction
• Proximal row
carpectomy
• LCTH-fusion/
four corner
• Total wrist
arthrodesis
• Wrist prosthesis
• TFCC reinsertion
• Dorsal
capsulodesis
wrist (possibly
combined with
dorsal ganglion
excision)
• Pisiformectomy
• Tenorrhaphy
flexors wrist

Table 1. Overview of How the Primary Interventions Were Performed on Patients in This Study and How They Were Organized into the Measurement
Tracks*
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Table 2. Overview of the Predefined Tracks, Their Measurements, and Time Points*
Track

Baseline

All tracks

• VAS: pain,
function,
satisfaction
• PSFS

Thumb

• MHQ
• Thumb ROM†
• Grip and pinch
strength†
• MHQ
• Finger ROM†
• Grip strength†
• PRWHE
• Wrist ROM†
• Grip strength†
• BCTQ

Finger
Wrist
Compression
neuropathy
Dupuytren

6 Wk

3 Mo

6 Mo

12 No

• VAS: pain,
function,
satisfaction
• PSFS
• Return to work
• Satisfaction
treatment result

• VAS: pain,
function,
satisfaction
• PSFS
• Return to work
• Satisfaction
treatment result
• PREM
• MHQ
• Thumb ROM†
• Grip and pinch
strength†
• MHQ
• Finger ROM†
• Grip strength†
• PRWHE
• Wrist ROM†
• Grip strength†
• BCTQ

• VAS: pain,
function,
satisfaction†
• PSFS†
• Return to work†
• Satisfaction
treatment result†

• VAS: pain,
function,
satisfaction
• PSFS
• Return to work
• Satisfaction
treatment result

—

• MHQ
• Thumb ROM†
• Grip and pinch
strength†
• MHQ
• Finger ROM†
• Grip strength†
• PRWHE
• Wrist ROM†
• Grip strength†
—

—

• MHQ
• Finger and/or
thumb ROM

• MHQ
• Finger and/or
thumb ROM

—
—
• BCTQ
—

• MHQ
• Finger and/or
thumb ROM

MHQ, Michigan Hand Outcome Questionnaire; VAS, visual analogue scale; VAS Function, visual analogue scale for hand function; PREM,
Patient-Reported Experience Measure; PRWHE, Patient-Rated Wrist-Hand Evaluation; BCTQ, Boston Carpal Tunnel Questionnaire, ROM;
range of motion; Satisfaction, satisfaction with the outcome of treatment; PSFS, Patient-Specific Functional Scale.
*This table shows the measurements performed in all tracks and the additional measurements performed in each specific track. For each type
of treatment, it was decided whether patients would be assigned a regular track with a short follow-up of maximally 3 mo or an extended track
with a 12-mo follow-up and more extensive measurements.
†Measurements performed only in the extended tracks for a specific time point.

starts during an already active measurement track
(e.g., 3 months postoperatively) to determine
whether a new track needs to be assigned.
Measurement Logistics and Data Collection
For efficient implementation of routine outcome measurement, measurement time points
were aligned with the sequence of care events of
typical patients (Fig. 1). For example, when a first
consultation is registered in the electronic patient
record, this initiates the distribution of baseline
questionnaires assessing risk factors (e.g., smoking, comorbidity, and medical history) and patient
expectations of the consultation and treatment.
Then, during the first consultation, a hand surgeon registers the diagnosis and decides together
with the patient to start either nonsurgical or surgical treatment. Based on this information, a hand
therapist assigns a specific measurement track. At
the same visit, the hand therapist records patient
demographics (e.g., hand dominance) and clinician-reported outcome measurements and informs
the patient on the treatment and future measurements. Subsequently, patient-reported outcome
measurements are e-mailed to the patient. The
start of nonsurgical treatment or the date of surgery determines the timing of future questionnaires or assessments. To guarantee the validity

and reliability of our data, all therapists received
specific training on performing the measurements.
All data are collected digitally in an online system named Pulse, which was developed using GemsTracker electronic data capture tools.6 GemsTracker
is a secure, open-source, Web-based application for
distribution of questionnaires and forms for clinical
research and quality registration. GemsTracker uses
the open-source software LimeSurvey7 for building
and storing questionnaires. To ensure data safety,
measurements are administered using methods
similar to those in electronic patient records, including annual audits and tests, two-way authentication
login, and logging and monitoring of all activity.
Because Pulse is linked to our electronic
patient records, it automatically sends invitational
e-mails to patients for completing questionnaires
as soon as a diagnosis and treatment onset are
assigned to a patient in the electronic patient
record. Also, health care providers can access
Pulse and see which measurements they need to
complete for a specific patient.
Pulse directly calculates scores of patientreported outcome measurements and displays an
overview of answered, open, and missed measures.
When the same measure is administered multiple
times within a track, score development over time
is displayed. In the case patient-reported outcome
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Fig. 1. Flowchart of measurement timing relative to common care paths of patients.
Because the measurement system is coupled to electronic patient records with care
information, measurements, and questionnaires e-mailed to patients, it can be fully
automated as soon as nonsurgical or surgical treatment is entered into the system.
PROM, patient-reported outcome measure; CROM, clinician-reported outcome measure; PREM, Patient-Reported Experience Measure.

measurements data are missing, the surgeon or
therapist can request the patient to complete the
missing questionnaires, but treatment can also
continue without this information.

RESULTS
Collected Data
Figure 2 shows the number of tracks assigned
to patients over the years. The total number of
yearly assigned tracks increased up to over 16,300 in
2018, adding up to a total of 85,000 tracks in 52,000
patients. The increase in the track numbers reflects
the growth in treatment volume and the opening of

new centers. The regular tracks, which include nonsurgical treatments (e.g., orthotics, exercise therapy,
injections) and minor surgical interventions (e.g.,
trigger finger release), were more often assigned
than extended tracks, which include more invasive
surgery. Table 3 shows that the Michigan Hand Outcomes Questionnaire, Patient-Rated Wrist/Hand
Evaluation, and our Patient-Reported Experience
Measure are the most time-consuming measures,
with a median of 3 to 4 minutes to complete. These
completion times are lower than initially reported;
for example, the Michigan Hand Outcomes Questionnaire is reported to take approximately 15 minutes to complete according to its developers.8
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Fig. 2. The number of yearly activated measurement tracks. Dashed lines indicate the regular tracks; solid lines indicate the extended tracks. Note that more than one measurement track
can be assigned to a patient, for example, when a new treatment track (e.g., surgery) is initiated
after an initial treatment track failed to obtain sufficient relief of symptoms (e.g., an injection or
hand therapy). The decrease in track assignment in 2015 and 2016 was attributable to organizational problems leading to a significant number of patients where a measurement track was not
assigned at the start of treatment. However, as can be seen, this improved by 2017.

Patient compliance for completing questionnaires was highest at baseline. For example, for
pain, hand function, and satisfaction questionnaires, compliance was 73 percent at baseline
and decreased to 62 percent at 12 months (Fig. 3,
above). Compliance in extended tracks was 8 percent higher at baseline and 14 percent higher at
3 months compared to regular tracks. Compliance also decreased at follow-up for clinicianreported outcome measurements (Fig. 3, below); at
baseline, 90 percent of measurement forms were
completed, whereas at 3 and 12 months, these
Table 3. Total Number of Patient Questionnaires
across All Tracks and the Median Time to Complete
the Questionnaires from 2011 to 2018
Questionnaire
MHQ
PRWHE
BCTQ
Return to work
Satisfaction with result
VAS pain and function
PREM

No. of
Median
Completed
Time to Complete
Questionnaires
(min:sec)
49,925
28,784
17,680
40,998
81,534
135,074
25,407

4:15
3:43
1:54
0:39
0:14
0:33
4:17

MHQ, Michigan Hand Outcome Questionnaire; PRWHE, PatientRated Wrist-Hand Evaluation; BCTQ, Boston Carpal Tunnel Questionnaire; VAS, visual analogue scale; PREM, Patient-Reported
Experience Measure.

numbers decreased to 50 percent and 38 percent,
respectively.
Using Outcome Data in Clinical Practice
From the start in 2011, all surgeons, therapists, and staff had direct access to all scores of
individual patients and their development over
time. Thus, for example, hand therapists use the
measurements to evaluate treatment progress and
set new treatment goals. Also, we introduced an
integrated secure patient portal (Fig. 4) to allow
patients to access their treatment information.
Within this portal, patients can complete their
questionnaires and see their progress over time.
Based on the assigned treatment, patient-specific
treatment information is provided (e.g., diseasespecific instructional videos on postoperative
exercises). In 2018, approximately 3100 patients
logged into their patient portal each month.
From 2017 onward, we show individual
patient outcomes relative to the average outcome
from previous patients. For example, patients can
see their pain score over time relative to mean
scores of previous patients undergoing the same
treatment (Fig. 5). Moreover, we introduced a
physician dashboard, where physician-specific
outcomes for more than 100 treatments are compared to the average of all other physicians.
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Fig. 3. (Above) Compliance of hand therapists filling in the clinician-reported outcome measurements, such as goniometry and grip strength. There are differences in compliance between
measurement tracks, but the most important factor is the duration of the follow-up. (Below) Compliance of patients completing the patient-reported outcome measurements, illustrated using
the compliance on the visual analogue scale for pain, hand function, and satisfaction.

Scientific Research with the Collected Data
Although our data collection system was
designed primarily to improve and monitor the
quality of health care of our patients, the system
also constitutes a cohort of high-quality data suitable for scientific research: the Hand-Wrist Study
Group Cohort.
Comparative Effectiveness and Prediction
Modeling
Our first published studies9–13 focused
on comparative effectiveness. In these studies, variation in daily clinical practice is used
to compare different treatments (e.g., when

different surgeons prefer different treatments
in the same patient population). To correct for
baseline differences between treatment groups,
we use propensity score matching and mixed
models. For example, we showed that collagenase clostridium histolyticum in Dupuytren’s
disease was not significantly different from
limited fasciectomy in reducing metacarpophalangeal joint contractures in short-term
outcome, whereas proximal interphalangeal
joint contractures showed slightly better reduction following limited fasciectomy.3 Furthermore, we demonstrated that exercise therapy
in addition to an orthosis reduces pain more
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Fig. 4. Screenshot of the personalized patient portal, where patients can learn about the treatment, health care process, expected
outcomes, and exercises and can also complete the required questionnaires. As soon as a measurement track is assigned to a
patient, disease-specific information is provided.

compared to an orthosis only in patients with
thumb base osteoarthritis13 and that, following a thumb carpometacarpal resection arthroplasty, shorter immobilization is noninferior
compared to more prolonged immobilization.10 In addition to comparative effectiveness,
we use our data to develop and validate prognostic and clinical prediction models that allow
outcome prediction of individual patients, for
example, on the outcome of nonsurgical treatment for thumb base osteoarthritis,13–16 surgical
treatment of primary or recurrent carpal tunnel syndrome,17–19 and surgery in Dupuytren’s
contracture.20,21
Health Care Context and Treatment Outcomes
We also study how outcomes are influenced
not only by treatment but also by the process
of care delivery and patient experiences. More
specifically, we consistently found positive associations between patient experiences on care
delivery and improvement in patient-reported
outcome measures following surgical treatments.5,22,23 The strongest associations were
found for positive experiences with the communication of the surgeon and providing treatment information, which is in line with other
studies.5,22,23

Clinimetric Studies
The collected data also allow evaluating the
psychometric measurement properties. For example, in patients with Dupuytren’s contracture, we
reported that the Patient-Specific Functional Scale
is more responsive than the more generic and
standardized Michigan Hand Outcomes Questionnaire, despite being much shorter to fill in.24
In addition, we developed decision tree–based
versions of the Patient-Rated Wrist/Hand Evaluation25 and the Boston Carpal Tunnel Questionnaire26 to reduce the number of items needed to
calculate the total score from 15 and 18 to six for
both patient-reported outcome measures, without
loss of information (see http://handquestionnaires.org).

DISCUSSION
We introduce the design, development, and
implementation of a routine outcome measurement system in hand and wrist care, describing
how our data are collected and used for improving
clinical care and performing scientific research.
The system was made feasible by using a highly
automated data collection infrastructure, tightly
linked to the patient journey and the workflow
of health care professionals. With this article, we
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Fig. 5. Screenshot of a physician dashboard, showing the individual patient’s outcome (magenta line) compared to the
“average patient’s” outcomes (blue line, p50; and blue area, p25 to p75) after a carpal tunnel release. The data shown can be
modified by the user, who can select a treatment, a treatment location, and a surgeon. These outcomes will then be plotted
compared to the outcomes of all other surgeons at all treatment locations for that treatment. (Screenshot published with
permission from Xpert Clinic.)

intend to share our experiences in designing such
a system and our lessons learned, and to describe
the remaining challenges.
The design and implementation of our routine
outcome measurement system were facilitated by
the specific expertise of the collaborating parties.
The Erasmus MC, as a large academic center, contributes scientific knowledge, and Xpert Clinic, as a
highly specialized hand and wrist clinic, can quickly
innovate and integrate the measurements in their
workflow. By developing dedicated software,6 we
could customize the data collection to our specific
needs and implement changes efficiently.

Ensuring high compliance of both patients
and clinicians remains a challenge, as in all outcome measurement systems.27 We took several
measures to optimize compliance. A first step was
to minimize the measurement burden and allow
direct measurement feedback to both patients
and clinicians. A second step was to improve data
integration during consultations and therapy. For
instance, instead of asking for limitations in daily
life during a patient’s first visit, clinicians can now
see this information beforehand and can discuss
these issues directly. As a third step, we visualize
individual outcomes relative to other patients,
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which provides a reference for both patient and
clinician to discuss treatment outcomes. At present, we present outcomes as group means plus
confidence intervals at the level of specific treatments (e.g., a trapeziectomy) but this can be further personalized to individuals (e.g., a 70-year-old
woman with a baseline Michigan Hand Outcomes
Questionnaire score of 50). Thus, in the future,
we plan to extend this and present individualized
outcome predictions based on existing data.
Although clinicians value outcome information, more research is needed on how to efficiently use outcome data to improve quality of
care and maintain practical feasibility. Presently,
it remains challenging for clinicians to actually
use the data in daily practice, for a variety of reasons, such as lack of time or inexperience in how
to use the data in daily clinical practice. Another
concern is that a multitude of factors can influence expected outcomes for an individual patient
that need to be taken into account when discussing the expected outcome with a patient. Therefore, we are presently developing models that can
predict outcome for individual patients. Our current efforts are focused on the implementation of
these models in daily clinical practice so that they
can be used in real time during consultation. In
addition, in the future, we plan to link outcome
data with the cost of treatment as recorded in the
electronic health care record, providing insight
into the quality of care from a value-based health
care perspective.
We found that efficient data acquisition software allows outcome recording with a relatively
small time investment per patient. Furthermore,
at present, the main costs include software development and maintenance (approximately 2 to 3
full-time equivalents throughout the last years for
all participating treatment centers) and the efforts
of staff, management, and researchers to design
the system. By making the GemsTracker software
open-source and describing our procedures in
detail, we intend to lower the costs for new centers to develop a similar system. However, despite
our successful implementation, reimbursement
by health care insurance companies for outcome
measurement remains unusual, despite the wish
of insurance companies and the government to
collect outcome data. Thus, further collaboration
between health care providers, scientists, insurance companies, and governments is needed,
because these investments are currently being
made by health care organizations themselves.
When comparing the Hand-Wrist Study
Group cohort with other large cohorts and related

initiatives, there are significant similarities and
differences. For example, registries such as the
Swedish hand registry28 have larger patient numbers but less detailed information. Other commonly used cohorts consist of administrative or
claim data on the hospital, regional, or national
level.29–32 To our knowledge, the present cohort is
unique within the field of hand and wrist disorders
because it contains a large number of patients with
relatively detailed data, covering both outcomes,
treatment information, and patient characteristics. A limitation, however, is that this cohort is
not representative of all hand and wrist patients in
The Netherlands, for example, because complex
trauma patients and patients with more severe
comorbidities may be treated more often elsewhere. Also, if patients seek treatment elsewhere,
no follow-up is available.
For all clinical (e.g., quality evaluation and
benchmarking) and scientific analysis, missing
data are always an important issue. In several of
our research articles, we have performed extensive missing data analysis and have consistently
found that our data can be qualified as missing
completely at random.33–36 In the literature, many
statistical analyses and simulation articles have
indicated that either multiple imputation techniques or analyses that account for missing data
are superior to complete case analyses.33–37 However, we noticed that such techniques are counterintuitive to many readers. Consequently, we
have frequently been asked by journal reviewers
to report complete cases, despite literature advising otherwise.
Because measuring outcomes is central in
value-based health care,1 it would be of great
value if more health care providers in hand and
wrist care would routinely measure outcomes.
Although there have been several consensus initiatives on outcome sets,28,38–41 none has led to
widespread implementation. We hope that our
example of routine outcome measurement implementation and the development of the hand and
wrist standard set by the International Consortium
for Health Outcome Measurement42 will lead to a
common ground for more widespread comparisons of outcomes.
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