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Studygroup and cohort 
One of my inspirators is without any doubt Verne Harnish who wrote a book 
named "scaling up"1. We met Verne during a marketing course he organised in 
Girona 2009. We participated with our management team of the hand surgery 
clinic we had just started. The marketing course had nothing to do with medicine. 
Being a plastic surgeon with a keen interest in business I had always wondered 
why there were no universal brands in medicine practices across the globe. Is 
medical practise really that different everywhere? As surgeons we are trained 
across the globe, we give lectures and follow congresses internationally. So, we 
are more internationally orientated than most businesses. But how come we are 
not scaling up our practices? There are perfect examples in many other fields of 
highly educated professionals such as lawyers, notary's, accountants, or engineers 
who establish unique brands spanning the globe. Shouldn’t there be some synergy 
in joining forces with respect to scientific output, marketing, patient education, or 
developing treatment algorithms to name a few? Ofcourse, the ego of surgeons 
may prevent a decent collaboration at times but on the other hand patients have 
begun to demand their data now2. Patients are no longer ignorant nor passive. 
If we as surgeons do not share our data on outcome, patients will use Internet 
sources to collect their own data or even start to experiment with certain therapy 
regimes to find the answers we as surgeons failed to provide. 
 
It was with this amazement that I founded a hand surgery clinic named Xpert 
Clinics in the Netherlands in October 2008 together with my hand surgery 
colleague Thybout Moojen and two already seasoned entrepreneurs in the 
medical field: Peter Velthuis en Jak Dekker. This introduction has not been written 
to boast about our success, but merely to give insight into the mindset that was 
behind the clinic and that also laid the groundwork for this thesis. The growth of 
our clinics demonstrates what collaboration can implicate for business and for 
patients. Verne Harnish pointed out that scaling up is the way to go to grow data 
and get better outcomes. A later course at Singularity university (su.org), taught 
me that healthcare was a bit behind on the curve for democratising big data and 
that prediction of medical outcome and individualised medicine were topics for 
the near future.  
  
One of the key problems for continuous growth of our company was: how 
to overcome the problem of measuring surgical outcomes? Over the years we 
designed an open source and web-based programme to measure our outcomes 
named Pulse, based on Gemstracker3. This software allows patients, surgeons and 
therapists to enter data. In the end, we redesigned the way we communicated with 
our patients. We blended the platform in a two-way communication portal; sending 
data regarding treatment choices, procedures and expectations and receiving data 
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1from patients and therapists pre- and post-operative. These data have driven our 
managing dashboards, but even more so, contributed to a PhD programme and 
scientifi c publications in a collaboration with Erasmus University. The research 
unit transformed into the hand wrist study group (handwriststudygroup.org). The 
database that is studied by this group is based on the routine outcome collection 
in Xpert Clinics. We have faced many challenges in order to arrive at the point 
of this routine collection. Science agrees on the necessity of routine outcome 
collection but leaves many questions unanswered regarding the process around 
collecting outcomes4-8. Topics such as which outcomes should be collected at what 
exact time points, with which infrastructure, what kind of it-management, how 
much compliance, data security, which analysis and visualisation or fi nancial and 
time restraints had to be dealt with. In the addendum, we describe the routine 
collection of data on surgical and non-surgical treatment of hand and wrist 
disorders in our centres.   

Figure 1. A triangular fi brocartilage tear, artist impression, artist: Dale Ziemianski
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The data that have been collected on outcomes can be used in multiple ways to 
inform stakeholders around the treatment process. The stakeholders can be 
diverse, ranging from patients, therapists and surgeons to regulatory bodies, 
insurers, referring- or occupational physicians. Over a brief period of time, we 
build a network of hand surgery clinics in the Netherlands with a substantial 
overall market share. The Harvard University programme "managing health care 
delivery" contributed to our success and taught us to redesign our company as a 
value-based health care system1. Hand surgeons work closely together with hand 
therapists in the clinical and scientific field as an integrated care unit. Yet, another 
problem we faced was how to give back the information we routinely collected to 
our stakeholders? How could we use feedback loops to learn from these outcomes? 
How could we also use feedback loops to reward patients for helping us to collect 
data and to aid the joined decision-making process? What are the dynamics 
around comparing individual results of each surgeon individually against overall 
outcome of the group as whole? In the 2nd chapter, we give examples of feedback 
loops in daily practice.  
 
Patient-reported outcome measurements (PROM) is the mantra nowadays. When 
the clinic started in 2008, this consensus regarding PROM’s was still far out. As 
early adopters of value-based healthcare, we count ourselves lucky with the early 
start of a now very comprehensive database on hand surgery and hand therapy 
outcomes. Many studies followed on the dataset resulting in a consistent flow of 
peer-reviewed papers. Yet, the overall question remains: Will routine collection 
of outcome in itself improve treatment results? This question is addressed in the 
general discussion and future perspective. 
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1General overview of open surgery for the triangular 
fi brocartilage complex 

Figure 2. Andrea Atzei’s iceberg concept of the TFCC. Used with kind permission of A. Atzei. Original paper:
Atzei, A., & Luchetti, R. (2011). Foveal TFCC tear classifi cation and treatment. Hand clinics, 27(3), 263.

Figure 3. Palmer classifi cation 1989. Palmer, A. K. (1989). Triangular fi brocartilage complex lesions: 
a classifi cation. The Journal of hand surgery, 14(4), 594-606. Chicago 

Palmer 
Classifi cation 
scheme for TFC 
Complex leasions
Class  Or Subclass Description
I Traumatic Injury

1A Central perforation

1B Ulnar avulsion ± ulnar styloid fracture

1C Distal avulsion from carpus

1D Radial avulsion ± sigmoid notch fracture

II Degenerative Injury

IIA TFCC wear

IIB TFCC wear with lunate and/or ulnar head chondromalacia

IIC TFCC perforation with lunate and/or ulnar head chondromalacia

IID TFCC perforation with lunate and/or ulnar head chondromalacia, and 
lunotriquetral ligament perforation

IIE TFCC perforation with lunate and/or ulnar head chondromalacia, and 
lunotriquetral ligament perforation, and ulnocarpal osteoarthritis 
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1The fibrocartilage complex (TFCC) is a structure that connects the distal radius, 
ulna and carpal bones by a strong triangular structure that bears resemblance 
to a knee meniscus. The tridimensional structure consists of several parts, the 
central meniscus homologue or discus, the ulnar collateral ligament (UCL) and the 
proximal triangular ligament. The proximal triangular ligament consists of a dorsal 
and volar ligament that stabilise the distal radial-ulnar joint (DRUJ). These ligaments 
join with the UCL to firm the foveal attachment that holds the strongest connection 
with the ulna. A disruption of the foveal attachment usually leads to instability of 
the DRUJ, whereas other tears have less impact on stability. Andrea Atzei published 
a landmark paper that addressed peripheral TFCC tears in both anatomical and 
mechanical ways in 20119 as he coined the "iceberg concept”, see figure 2. Up to 
that point classification by Palmer10 (See figure 3) had been popular. While Palmer’s 
classification is clinically applicable and helpful in communicating location and 
aspects of the tear found during wrist arthroscopy, it does not differentiate for 
instability. When Atzei sophisticated the spectrum of peripheral tears into degrees 
of laxity and their following treatment options, surgeons got more and more 
knowledgable about the various TFCC tears, see figure 4. Although it was named a 
comprehensive classification by the author, complexity rose with it and it failed to 
become the standard in wrist arthroscopy reports.  

TFCC tears are a frequent cause for ulnar sided wrist pain. The origin is usually 
traumatic after a fall on the outstretched hand or a twisting injury. Patients 
complain typically when lifting from chairs or at push-ups. 
 
Treatment of TFCC injuries is still controversial11. Agreement on initial conservative 
treatment of analgesics, splinting and hand therapy is almost universal12. The ability  
to properly visualise and diagnose a TFCC tear arose when wrist arthroscopy 
and higher MRI image resolution13 arrived to the scene. Automatically, many 
papers about arthroscopically assisted reinsertion of the TFCC in a closed manner 
were published. Papers about open reinsertion of the TFCC became scarce. Two 
recent large review studies concluded that the ongoing debate of open versus 
arthroscopically assisted TFCC reinsertion could not be settled and that we need 
more patient reported outcome data on either technique14, 15. Open reattachment 
of the TFCC was thought to me directly by Marc Garcia Elias during our dissection 
course in 2009 of the Dr Tulp Foundation, (http://drtulp.nl/previous-courses/2009-
hand-on-wrist/). Marc described his techniques in his paper in 200316 and the 
surgical method is described in the 3rd chapter of this thesis. At first, I tried 
arthroscopic repair but over time realised I had better results with the open 
technique. Gradually we got more confident in offering this type of surgery, as our 
results were promising. However, we needed proof that open repair of the TFCC is 
still a good advice to offer patients with acute and chronic tears. Literature remained 
scarce, many studies lacking good data. Usually, no baseline patient reported 
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outcomes were published or the studies consisted of small sample sizes17-20. While 
recurrent instability is infrequent after open reinsertion, it is the most frequent 
cause for re-intervention18. Long term follow up could give the answer whether 
the re-attachment provided with surgery remains in good condition. We have very 
limited information based on literature about the longevity of the repair. Only a 
few studies inform about return to work after open repair, but for our patients 
this data is of great importance in their decision about whether or not to have 
this operation14, 18. Which factors are actually at play in predicting outcome of 
this surgery? Which prognostic factors can be identified? Finally, can we improve 
selection of patients at baseline? Can we predict success or failure? Should we 
advise possible negative outliers to opt out for surgery? Can we make a confident 
prediction on outcome when informed about base line values of patient reported 
pain and function? Can we proceed into a phase of personalised medicine where 
we routinely predict outcome for an individual patient with a TFCC injury?  

 

General aims and outline of this thesis 
In order to give better advise to our patients we should be better informed of 
outcomes of surgical treatment for TFCC injury. The overall aim of this thesis is to 
report various aspects of outcome measurements after open repair of the TFCC. 
In Part I, we report on the cohort in general. In the addendum, we report about the 
setup of the cohort on routine outcome collection in hand and wrist care. Chapter 
2 presents various feedback loops used in daily clinical practices of our hand and 
wrist treatment centers.  
 
In Part II, we report on the various outcomes and psychological factors of ulnar 
sided wrist disorders. Chapter 3 investigates general patient reported outcomes 
of open repair of the TFCC. We reported on grip strength, range of motion, pain, 
function and satisfaction. Prognostic factors at play in open repair of the TFCC are 
studied more extensively in Chapter 4. While in chapter 5, we searched further for 
a precise baseline threshold value of a PROM that could predict success or failure 
of TFCC repair.   
 
In the last three chapters of Part II, we focus on late outcomes and return to work. 
Chapter 8 describes return to work for open repair of the TFCC, whereas chapter 
9 describes return to work for ulna shortening. Finally, in chapter 8 we report on 
late outcome of open repair of the TFCC. 
 
A general discussion on the implications of this thesis and the future perspectives 
are outlined in chapter 9.  
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Abstract
Routine outcome measurements as a critical prerequisite of Value-Based 
Healthcare have received considerable attention recently. There has been less 
attention for the last step in Value-Based Health Care where measurement of 
outcomes also leads to improvement in the quality of care. Probably this is not 
without reason, since the last part of the learning cycle: “Closing the loop”, seems 
the hardest to implement. 

The journey from measuring outcomes to changing daily care can be troublesome. 
As early adopters of Value-Based Healthcare, we like to share our 10 years of 
experience in this journey. 

 Examples of feedback loops are shown based on outcome measurements 
implemented to improve our daily care process as a focused hand surgery and 
hand therapy clinic.

Feedback loops can improve shared decision making, monitor or predict 
treatment progression over time, extreme value detection, improve journal clubs, 
and surgeon evaluation. 

Our goal as surgeons to improve treatment should not stop at the act of 
implementing routine outcome measurements. 

We should implement routine analysis and routine feedback loops, because real-
time performance feedback can accelerate our learning cycle.
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2

Introduction 
Routine outcome measurements have been the mantra in healthcare for the past 
ten years and have been instigated to yield better outcomes1. However, in order 
to improve care, the outcome measurements must alter the way treatments are 
selected, shared decisions are made, or the treatments are executed. This process 
requires four consecutive steps: collecting the data, valuing the data, interpreting 
data, and using the data to change patient care2. 

In 2008, we founded a private hand surgery clinic offering public service in The 
Netherlands. The startup position allowed for a complete redesign of hand surgery 
care. Early on, we added Value-Based healthcare (VBHC) principles such as integrated 
care, healthcare network, focused clinic, and routine outcome measurement3. In 
addition, management, hand surgeons, and a hand therapist attended Harvard 
business school in collaborative teams to adopt the VBHC strategy.

While we successfully collected outcome data and used this for analysis and 
scientific research4, the most resilient part of this endeavor was to change our 
current practice based on these outcomes. Porter stated in his paper on Value-
based Healthcare that a feedback loop is essential for improving outcomes3; 
“Without such a feedback loop, providers lack the requisite information for learning 
and improving”. We sought precise moments in the regular delivery of care to 
insert user-friendly feedback loops for patients, surgeons and hand therapists.  

In this paper, we review examples of strategies to implement feedback within 
the care process and describe how this has influenced our daily practice. We 
demonstrate improvements implemented in the following areas of shared 
decision making, baseline thresholds, individual prediction, progression over time, 
journal club, physician evaluation and extreme value detection.
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Patients cohort

Our integrated practice unit works as a fully integrated team of both hand surgeons 
and hand therapists entirely focused on hand and wrist care. We developed a 
web-based and open-source information system named Pulse5 to collect data 
from patients, doctors, and therapists. Pulse provided us the necessary platform 
and tools to follow the outlined VBHC principles. 

We started routine outcome monitoring in 2011 and have successfully integrated 
this with our daily care. Selles et al. describe in our paper in 20204 how we set out 
to measure the variety of treatments in our clinics. Our clinic currently consists 
of over 23 level 3 to 5 trained hand surgeons6, over 150 hand therapists, and 22 
centers for hand and wrist surgery. 

We have currently gathered baseline and follow-up information of more than 
86,000 surgical and non-surgical treatments, with over 500,000 patient-reported 
outcomes. Data analysis and peer-reviewed publications are guided by the Hand 
Wrist Study group, a partnership of Xpert Clinics, Erasmus MC - University Medical 
Centre Rotterdam, and other national and international collaborators. Currently, 
we publish over 15 peer-reviewed papers a year.

This review includes data from patients treated conservatively or surgically between 
December 2011 and December 2020. This data is prospectively gathered on a 
consecutive cohort of patients treated in daily hand surgery practice. Patients 
were invited to be part of a routine system for outcome measurement after their 
first consultation with a surgeon. Upon agreement, they received questionnaires 
distributed via email. Patients were asked to complete validated Dutch versions of 
hand specific Patient Reported Outcome Measurements (PROMs) at baseline and 
after surgery depending on the type of treatment7. Amongst other PROMs, we use the 
Boston Carpal Tunnel Questionnaire (BCTQ), Patient Rated Wrist/Hand Evaluation 
(PRWE)8, and Michigan Hand outcome Questionnaire (MHQ). Additionally, patients 
receive questionnaires on satisfaction with the treatment results, their return to 
work, and Patient-Reported Experience Measurements (PREM). This routine system 
also included measurements by trained hand therapists of the range of motion and 
grip strength for the more extensive surgical treatments.

We collect the data reported in this review as part of routine clinical care and ask 
all patients for permission to use their data anonymously for scientific research. 
If a patient does not provide informed consent, the data is only used for direct 
health care purposes but not for scientific analysis. Patients can always withdraw 
their consent. Approval from the local medical ethical review board is obtained for 
each scientific study that uses the data.
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2

Team

To close the loop between the data entered by patients and hand therapists and 
the provided care, we have constructed a team of IT specialists, epidemiologists, 
statisticians, and researchers who work with the hand surgeons and hand 
therapists to provide meaningful analyses of the data. In this collaboration, 
physicians’ questions and requests are translated into research questions, data 
analyses, and, ultimately, into improvements in care delivery.

Results
Below, we will first illustrate how we use the outcome data to improve care by 
directly returning outcome data to our patients for shared-decision making, 
patient selection by baseline thresholds, individual prediction of treatment results, 
and outcome progression over time for an individual patient. Secondly, we will 
describe how our surgeons and therapists use feedback loops as part of their 
ongoing learning process in our journal club and physician evaluation. Finally, we 
show how we use extreme value detection to intervene when needed to support 
the role of patients, physicians, and management. 

Shared-decision making

In shared-decision making, the healthcare provider discusses the diagnosis and 
treatment options together with the patient. The patient describes his goals and 
wishes, and the healthcare provider discusses the outcomes and uncertainties of 
the different treatment options. 

We use our data in various ways to optimise this shared-decision making process. 
For example, we have developed graphs to show our outcomes for all treatments 
we provide (see Figure 1). These graphs allow patients to understand the average 
recovery of previous patients and the variation in results. In this way, we can 
transparently discuss the outcome based on our actual data and manage the 
patient’s expectations, enabling us to objectively answer the questions that insurers, 
patient organisations, and patient’s family instruct patients nowadays to ask: “What 
are the expected outcomes?” and “How often do you do this particular surgery?”. 
Formerly, we would answer these questions by citing literature mixed with personal 
opinion and personal experiences. With these tools, we can give an exact and real-
time answer to these questions using our routine outcome measurements.



28

CHAPTER 2

Figure 1. Results of Triangular fibrocartilage complex (TFCC) surgery of one specific surgeon. The graph 
depicts the outcome for open TFCC surgery from baseline to 12 months post-surgery for pain during 
activity and function via the PRWE score. The green line is the median (p50) surgeon’s personal result (1st 
author) of his 94 cases versus the total of 848 patients in the database. The shaded areas illustrate the 
range of the 25th to 75th percentile for both the surgeon and the population. Also shown are the numbers 
of filled in questionnaires as each time point used to calculate the graph. These outcome pictures are 
used in shared-decision making to help the patient decide whether or not to opt for this procedure.
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2

Baseline thresholds

Baseline PROM values can guide indication for surgery9, 10. Installing thresholds 
for baseline values that are necessary to obtain a successful outcome of surgical 
intervention may improve the overall result. For example, a patient may demand 
a specific surgical procedure while the treating physician thinks that the indication 
is weak. Arguments against such a demand for intervention can be difficult and 
often imply weighing a patient’s complaints on scales for pain and activity. This 
process may feel subjective for both patient and physician. However, low baseline 
levels of pain and slightly impaired function give little room for improvement in 
pain or function post-surgery. When we looked at the specific situation of open 
surgery for triangular fibrocartilage complex (TFCC) problems, we found examples 
of this situation (see Figure 2): The communication of a tear in the TFCC at wrist 
arthroscopy might provoke a response in the patient that this tear needs to be 
repaired (11) even though initial complaints might occasionally occur. When we 
analysed our series of open surgery for TFCC, the baseline PRWE proved to be a 
good indicator of the outcome. More specifically, chances of reaching a Minimal 
Clinical Important Difference (>17 points on the PRWE scale) are minimal for 
a baseline PRWE lower than 34. To select the patients who benefit from our 
surgical intervention, we designed a warning system that informs our surgeons to 
reconsider when scheduling a patient with baseline PRWE below 34.
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Figure 2. Plot of individual patients on PRWE results after open TFCC surgery. Chances of reaching a 
Minimal Clinical Important Difference (MCID) are minimal for a baseline PRWE lower than 34. Blue lines 
are patients who reached MCID, red lines for patients that failed to reach MCID (<17).

Individual prediction of treatment results

As a next step to provide patients with information about the results of previous 
patients, we are in the process of implementing individual prediction models of 
expected outcomes based on our data. This will further detail the predictions 
since it can take other predictive variables into account, such as age, gender, the 
severity of complaints, and duration of complaints. We have currently developed 
prediction models for Dupuytren’s disease11 and Carpal Tunnel Release (CTR) 12. 
While these are at present stand-alone online tools, they will be coupled to our 
data collection systems and patient dashboards in the near future. This way, the 
patient’s data can be sent directly to the prediction model to predict whether the 
individual patient will reach the Minimal Clinical Important Difference, for example, 
on the BCTQ score following a CTR (Figure 3).
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Outcome progression over time

During follow-up visits at the outpatient clinic, clinicians are on forehand informed 
about the patient’s progress if they have answered all questionnaires. The patient’s 
results are plotted in a graph against all previous patients (see Figure 4). This can 
help to understand the phase of recovery of the individual patient. For example, 
many patients will experience some residual pain in the early weeks after surgery 
and may want to know if that is normal or acceptable. The graph thereby allows 
discussing and evaluating the patient’s goals during the rehabilitation. Based on 
the results of outcome measurements, therapy can be adjusted. For example, 
if strength is still clearly reduced compared to the preoperative situation, hand 
therapists and patients may focus more on strength training. Also, it motivates the 
patients to keep answering the questionnaires we send them.

Figure 4. Results of patient 261654 routinely plotted against the overall outcome for TFCC injury. The 
red line shows the patient’s progress for the pain during activity and the PRWE score. The shaded areas 
illustrate the range of the 25th to 75th percentile for the total population. These outcome pictures are 
used to evaluate the rehabilitation of each individual patient. 
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Utilisation of the Journal club

Having the possibility to do real-time or almost real-time analysis of our cohort 
also created new dimensions for our journal club. Just as other groups of clinicians, 
we monthly discuss current literature in hand surgery. Typically, clinicians discuss 
published literature and whether we should alter our treatment algorithms. 
Personal opinion and experience would direct discussions at large. 

We improved learning by adding our own outcomes to the arguments. To do so, 
one of our PhD candidates or researchers is present at these meetings and can 
real-time analyse our database or prepare a more complex analysis. For example, 
during the journal club about radial tunnel release, the researcher made a plot 
(Figure 5) to show the BCTQ over time of our results. Another example was during 
a journal club where we evaluated a change in the postoperative regime. Based 
on surgeon preferences, patients received a shorter, less postoperative regiment. 
During the journal club, the researcher showed that both regiments yielded equal 
outcomes. Based on this, we reached a consensus for immobilisation following 
surgery for thumb base osteoarthritis. Specifically, we now give patients a cast for 
three to five days, followed by a removable thermoplastic orthosis. This allowed 
for earlier onset of hand therapy and more comfort after surgery for our patients. 
In turn, these discussions led to the publication of a peer-reviewed paper 13.

Figure 5. Results of a journal club. Surgeons were interested in the outcomes of radial tunnel releases. 
This figure depicts the outcome of radial tunnel releases on the BCTQ over time. The researcher made a 
plot of 54 patients, of which data was available, and presented this figure at a journal club meeting. 
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Physician evaluation

The outcome data also provides surgeons with regular updates about their 
overall performance. To do so, surgeons receive quarterly updates about their 
performance across the following domains: financial and operational excellence, 
communication and service, and medical outcomes of three commonly 
performed surgical procedures. By using a Plan-Do-Check-Act (PDCA) cycle, we 
can continuously improve on these domains.

In the Financial and operational excellence domain, we provide information 
on several financial and operational parameters such as the number of new 
consultations, revenue in the outpatient clinic, revenue in the surgical theatre, 
number of procedures, total surgical fee, percentage of conservative treatment, 
and case-mix complexity.

In the communication and service domain, we provide information on PREM 
outcomes. We decided on the Net Promotor Score (NPS)14 as a proxy for patient 
experience The question asked is: “How likely would you recommend the clinic 
to other people with the same condition or symptoms on a 0-10 scale?”. The NPS 
is calculated by subtracting the percentage of detractors (rating 0-6) from the 
percentage of promoters (rating 9 or 10). Hence NPS can vary between -100 or + 
100. Our goal is to stay above +50, whereas the average NPS for Dutch hospitals 
was +18 in 2019 15. The NPS for the individual doctor (see Figure 6) and regional 
network (see Figure 7) are shown longitudinally to analyse trends.

Various subdomains for patient experience are also monitored to provide 
surgeons and regional networks with actionable insights that can boost NPS 
score. Perception of the surgeon by the patient regarding knowledgeability, 
seriously listening, taking time, information about expected result, information 
over the treatment, opportunity to raise questions, understandable explanation, 
shared-decision making, welcome at the clinic, cooperation between healthcare 
providers, and waiting time before the consultation are rated. Also, an overview of 
compliments and complaints are presented.

In the medical outcome domain, we provide information on three commonly 
performed surgeries: trapeziectomy, CTR, and 3-ligament tendon reconstruction 
of the wrist. For each treatment, medical outcome is shown for the individual 
physician relatively to the overall average. The graphs used are similar to the 
one shown in Figure 1 for TFCC outcome. These physician scores may appear 
as the most direct exposure of an individual’s surgical talent but proved to be 
rather uneventful. The chosen commonly performed procedures are done in high 
volumes. In the last years, we learned that in our population of highly specialised 
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surgeons, individual patients’ outcome varies widely but that all our surgeons score 
close to the average with no outliers. Apart from this, an overview of complications 
is presented. 

Figure 6. Screenshot of the Net Promotor Score (NPS) dashboard. The NPS is shown per year and overtime 
per half year. Also, the distribution of promoters, neutrals, and criticasters is shown.
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Extreme value detection

Post-surgery complications that occur after discharge from the hospital or clinic 
often have a gradual onset. A developing infection or a plaster of Paris that becomes 
tight due to postoperative swelling are examples of such problems. Therefore, we 
routinely monitor postoperative pain levels. Whenever a patient enters a visual 
analog pain at rest score (VAS) equal to or above 70 (Scale 0-100), this will trigger 
an email to the nursing staff. They will seek contact with the patient as soon as 
possible to evaluate whether a change in the treatment plan is needed. This 
module allows for early detection of potential complications. It diverts emergency 
calls or out of office hours visits into planned visits, early plaster release, or early 
start with antibiotic therapy. Another effect is that well-trained and knowledgeable 
medical staff, most commonly a hand therapist or nurse, handle these alerts at 
an overall lower cost. The same detection system is used for outlier negative 
experience that can lead to early detection and intervention of miscommunication 
or other reasons for a negative experience which would otherwise go unnoticed.
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Discussion

How can individual patient treatment and outcomes benefit from routine 
outcome measurements? Outcome registration in general requires participation 
and altruistic effort from the individual patient to fill out questionnaires to benefit 
future patients. Our data and feedback have transformed our shared-decision 
making process. We use our outcome registration to inform patients transparently 
about our outcomes in general, for individual prediction of outcome, and for their 
personal treatment progression over time. Usually, when patients participate in 
scientific research, it affects future patients’ treatment; whereas in our clinic it is 
an integrated part of their treatment experience. Patients undergo orthopaedic 
surgery in order to relieve pain or improve function. Therefore, our surgery and 
conservative treatment results should be monitored, and the results should ideally 
be fed back to inform our patients 16. Compliance of our patients to answer the 
questionnaires and the medical staff’s compliance to use the feedback information 
presented have been, and still are, the biggest challenges we face.

In addition to the importance for our patients, the routine outcome measurements 
support clinicians to discuss expectations with patients and provide information 
about treatment results. They enable the clinicians to evaluate the rehabilitation 
progress of their individual patients as well as overall outcome per treatment. Our 
database helps to reference and guide discussions in our journal club. Surgeon 
scorecards give our surgical team feedback on their overall and individual 
performance in various domains. A question that comes to mind is the managerial 
consequence of the available data on physicians. Upfront, we asked our surgeons 
whether they wanted the information to be anonymised or to include individual 
surgeon names. Uniformly they decided on the latter. Up to this moment, the 
individual scores are only visible to surgeons and the medical director but blinded 
for overall management or other staff. Literature shows that resistance among 
the professionals may exist for implementing scorecards or surgeon outcomes 
17-20. We did not experience any resistance and were, in fact, encouraged by our 
surgical staff. The intention was to install feedback loops without being judgmental. 
Surgeons, who experienced over 12 years of medical training, are in general 
competitive and need no further enhancement other than feedback information.

The last example shared in this paper was the extreme value detection. This feature 
demonstrated benefits for all parties involved. The patient with an outlier level 
of pain receives early intervention for this pain. The surgeon profits from early 
detection and intervention of possible complications or complaints. Management 
and clinic profit from a decline in hours needed for handling complications by a 
less costly staff during regular hours. 
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We believe that there are also disease-independent lessons to be learned. We tend 
to be more cautious when a patient has low baseline scores (i.e. low pain, good 
hand function). Another important consideration is a very high baseline score 
on either pain or low functional score. We now know and can discuss with our 
patients that they are likely to end up with more than an average improvement on 
pain and function while they will still experience more than average postoperative 
pain and function loss. We have shown these effects for scapho-lunate ligament 
reconstruction (21), carpal tunnel disease(22), thumb osteoarthritis(23), 
Dupuytren’s(24), Quervain’s disease(25), and open TFCC surgery(26). Although it 
is hard to prove that we deliver better care than before the start of registering 
outcome data, we believe that these feedback loops improved our advice in the 
shared-decision process. 

General evidence supporting PDCA cycles is abundant. Papers on individual 
surgeon’s performance measurements are scarce and especially for data on 
the positive impact of measuring surgical performance on medical outcome 21. 
Thoracic surgeons seem to lead the way 18 with the obvious advantage of large 
databases and absolute outcome metrics as cardiac failure or death. Direct 
feedback regarding urologists’ percentage of positive resection margins led to an 
improvement of outcome in a study by R. S. Matulewicz19. A French study on a 
nationwide scale demonstrated a positive correlation with the outcome of care 
after implementing control cards20. Our future goals will be to implement the new 
International Consortium for Health Outcomes Measurement (ICHOM) set for 
hand wrist disorders22 (see Figure 9), improve dashboards for patients, surgeons, 
and therapists. And, finally, to get compliance up to 80% so we can collect data for 
level I studies continuously. 
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Figure 9. The handwheel, ICHOM Standard Set for Hand & Wrist Conditions

Conclusion

Our goal as surgeons to improve treatment should not stop at the act of 
implementing routine outcome measurements. Just as well, we should implement 
routine analysis and feedback loops so we accelerate our learning cycle and thus 
improve treatments. We share some practical examples of how routine outcome 
measurements with the right feedback loops can improve daily clinical care, which 
benefits patients, therapists, surgeons, and management. We realise that these 
examples give no evidence that they improve health outcomes. However, in order 
to improve outcomes, we first need to be informed about them. Adding real-time 
performance feedback has accelerated our learning cycle and has convinced us 
that we better understand our results.
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Aims

Patients with a triangular fibrocartilage complex (TFCC) injury report ulnar-sided 
wrist pain and impaired function. The surgical procedure of TFCC reinsertion aims 
to improve function in patients with this injury in whom conservative treatment 
has failed. The purpose of this study was to investigate the outcomes of open 
TFCC reinsertion.

Methods

The study involved 274 patients who underwent open repair of the TFCC between 
December 2013 and December 2018. The patients completed the Patient-Rated 
Wrist Evaluation (PRWE) questionnaire, and scored pain and function using a 
visual analogue scale (VAS). Range of motion (ROM) was assessed by experienced 
hand therapists.

Results

Clinically significant improvements were reported in pain, function, and grip 
strength in 220 patients (80%) three and 12 months postoperatively.

Conclusion

These data will help surgeons to make decisions about the outcomes of open 
repair of the TFCC and to counsel patients appropriately.
Level of evidence: III

Introduction

Symptoms from damage to the triangular fibrocartilage complex (TFCC) (Figure 1) 
often present months or years after the original injury. Most patients report ulnar-
sided wrist pain and difficulty with push-ups or ulnar deviation on wrist extension. 
There is agreement about the initial management of these injuries with splinting 
combined with hand therapy and wrist exercises.1 However, little has been written 
about the next steps, should early management fail and symptoms persist. The 
debate about open versus arthroscopic management continues, but the clinical 
improvement in relation to the type of surgical procedure is under-reported.
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Figure 1. Triangular fibrocartilage complex shown with a tear.

 

The clinical outcome of open repair of the TFCC has been reported in small series.1-5 
A recent literature review by Andersson et al6 revealed only two studies comparing 
open versus arthroscopic TFCC repair. These studies included 38 TFCCs repaired 
using open surgery and 18 repaired arthroscopically.7,8 They7 also recorded a lack 
of knowledge about the outcome after open and arthroscopic reinsertion of the 
TFCC. In addition, few authors have given preoperative information about pain, 
range of motion (ROM), grip strength, or Patient-Rated Wrist Evaluation (PRWE).4,8 
A systematic review by Robba et al9 in 2019 failed to demonstrate superiority of 
open or arthroscopic repair. Most authors have simply described a specific surgical 
method of repair, usually arthroscopic, but failed to report patient-reported 
outcomes. The aim of this study, therefore, was to report the self-reported and 
clinical outcomes of 274 patients who underwent open repair of the TFCC after 
conservative treatment for a TFCC injury had failed.
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Methods
The ethics committee of the Erasmus University Medical Centre approved the 
study protocol (NL/sl/MEC-2018-1088). All patients provided written consent for 
their data to be used in this study. Our institution comprises 18 clinics with 23 
surgeons certifi ed by the Federation of European Societies for Surgery of the 
Hand, and has more than 150 hand therapists.

We included patients undergoing open repair of the TFCC between December 
2013 and December 2018. The study involved prospectively gathered data on a 
consecutive cohort of patients who were invited to be part of a routine system for 
the measurement of outcome after their fi rst consultation with a surgeon. If they 
agreed, they received Internet-based questionnaires before and at three and 12 
months after surgery. This system included measurements of the ROM at three 
and 12 months postoperatively. Three reminders were sent to the patients for 
each round of questionnaires. Those who failed to complete the questionnaires 
at baseline or 12 months postoperatively were excluded. The clinical and research 
setting of our study group is described in detail elsewhere.10

Figure 2. Flowchart of the patients. PRWE, Patient-Rated Wrist Evaluation; TFCC, triangular fi brocartilage 
complex.
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The indication for open TFCC reinsertion is usually a foveal tear with instability of the 
distal radioulnar joint (DRUJ).9 The management of ulnar-sided wrist problems followed 
specific steps. Briefly, conservative treatment was initiated by a two-week period of 
immobilization, followed by a rigorous programme of wrist exercises. If symptoms 
persisted for more than three months with clinical evidence of instability of the DRUJ 
and/or radiographs showed a flake fracture or nonunion of the ulnar styloid, proceeding 
to open repair of the TFCC was considered. In all other patients, arthroscopy or MRI of 
the wrist was done to confirm the diagnosis of a TFCC injury. Promising newer imaging 
methods, such as four-dimensional CT,11 were not used in this cohort.

A total of 544 patients underwent open TFCC reinsertion during the study period. 
We excluded 101 who did not complete an initial questionnaire and 193 who did 
not complete the final questionnaire at 12 months (Figure 2). We also excluded  
11 patients who underwent an unrelated surgical procedure within the 12 months 
that could have influenced the outcome of open TFCC reinsertion. A total of 274 
patients with complete pre- and postoperative PRWE Total Scores at 12 months 
were included. Their demographic details are shown in Table I.

Table 1. Demographic details for the 274 included patients.

Variable Total
Mean age, yrs (SD) 38 (12)

Sex, male (%) 79 (29)

Mean duration of symptoms, mths (SD) 20 (28)

Mean BMI, kg/m2 (SD)* 25 (4.0)

Smoking, n (%) 52 (26)

Profession n (%)

Not working (including retired/unable to work) 41 (15)

Light physical work 98 (36)

Moderate physical work 75 (27)

Heavy physical work 61 (22)

Dominant side operated on, n (%) 168 (61)

Previous distal radial fracture, n (%) 52 (19)

Documented fall onto an outstretched hand, n (%) 53 (19)

Arthroscopy findings, n

Central tear 6

Lateral tear or foveal detachment 140

Distal avulsion (Palmer type 1 c) 6

Radial tear 25

MRI carried out, n (%) 74 (27)

MRI + for TFCC injury, n (%) 43 (58)

*Data only available for 252 patients.
BMI, body mass index; TFCC, triangular fibrocartilage complex.
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All operations were undertaken under regional block, axillary or supraclavicular, 
by anaesthetists who each provide > 800 upper-extremity blocks per year. 
Surgeons undertook their preferred method of open TFCC reinsertion. Most 
used the method initially described by Garcia-Elias et al,12 which consists of a 
Bruner incision of the dorsal and volar sheath of the fifth compartment. The 4, 
5th intercompartmental supraretinacular artery,13 which can usually be found in 
the ulnar and volar aspects of the fifth compartment, was protected as much as 
possible. Foveal reattachment was obtained by reinsertion of the cartilage disc 
to the distal ulna with a bone anchor (MITEK; Raynham, Massachusetts, USA; 
JuggerKnot Soft Anchor; Zimmer Biomet, Warsaw, Indiana, USA).5 The JuggerKnot 
Soft Anchor is an all-suture device and lacks polyether ether ketone or other 
composite material, but uses a coreless sleeve and suture construct.14

Before insertion of the bone anchor, the surface of the cartilage of the distal ulna 
was roughened with a rongeur or dental hook to facilitate adhesion formation 
and reinsertion. The threads of the anchor suture were used to tighten the dorsal 
capsule and then close the floor and roof of the fifth compartment firmly after 
relocation of the extensor digiti minimi. Soft tissues were closed in layers with 
Vicryl (Ethicon, Hamburg, Germany). The skin was closed with Monocryl or Prolene 
(Ethicon) based on the surgeon’s preference.

The routine postoperative immobilization protocol consisted of a double-slab 
Plaster-of-Paris cast for three to five days, followed by a below elbow volar wrist 
splint for six weeks. Patients were offered an extensive programme of hand 
rehabilitation comprising six weeks of active mobilization followed by six weeks of 
strengthening exercises (Table II). Immobilization postoperatively varied slightly in 
the first week depending on the surgeon’s preference; some chose a sugar-tong 
or upper-arm cast instead.

Table 2. Postoperative regimen after open triangular fibrocartilage complex reinsertion.

Day Postoperative regimen
0 to 4 Sugar-tong or Plaster-of-Paris splint

3 to 5 Removal of bandage, long wrist splint, tendon-gliding exercises, elbow movement, start 
hand therapy two to three times weekly

14 Suture removal, start scar management, oedema control, and wrist flexion and 
extension

42 Start pronation and supination exercises, power training, stability training, and weaning 
of splint
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Patients were reviewed by a hand therapist within one week after surgery. The 
plaster was removed, and replaced by a removable long-arm thermoplastic 
splint with free movement of the elbow. We usually immobilized the patients for 
a shorter period than that described in the original series using this method.12  
Hand therapists started active extension and flexion of the wrist two weeks 
after surgery. Our centres for hand surgery and therapy are fully integrated and 
postoperative hand therapy was closely monitored and standardized.

Patients completed the Dutch-language version of PRWE preoperatively and three 
and 12 months after surgery.15 PRWE is a validated questionnaire comprising 15 
questions; five for pain and ten for disability.16 All questions are answered on a 
scale from 0 (“no pain or dysfunction”) to 10 (“severe pain or dysfunction”). A score 
between 0 and 50 is calculated for both subscales. Patients also used a visual 
analogue scale (VAS) to score pain and function concurrently, on a scale from 0 
(“no pain or function”) to 100 (“severe pain and no function”).

ROM was measured by a hand therapist before and at three and 12 months after 
surgery. In this standardized examination, dorsal flexion, palmar flexion, grip 
strength, ulnar and radial deviation, pronation, and supination were recorded. 
ROM was measured using a goniometer and recorded as positive in degrees from 
neutral. Grip strength was measured using an E-LINK Jamar-style dynamometer 
(Biometrics, Newport, UK). The stability of the DRUJ was tested at three and 12 
months, by the surgeon.

The primary outcome measure was the PRWE score 12 months after surgery. The 
minimum clinically important difference (MCID) in the PRWE Total Score for patients 
with a TFCC injury has not been reported. It may be derived from that for ligamentous 
reconstruction of a scapholunate injury, which was defined as 14 by Sorensen et al17 
in 2013. Therefore, we assumed the MCID to be ≥ 14 for TFCC reinsertion. Secondary 
outcomes were the VAS score, ROM, grip strength, and complications.

Statistical analysis

A paired t-test was used to compare differences in continuous data between 
timepoints. A Wilcoxon signed-rank test was used to compare categorical data over 
time. We used analysis of variance (ANOVA) to compare continuous data with more 
than two timepoints. Computations were undertaken using R v3.3.4 (R Project for 
Statistical Computing, Vienna, Austria). A p-value of < 0.05 was considered significant. 
Responder and non-responder demographics were compared to ascertain if data 
were missing at random. “Non-responders” were defined as patients who did not 
complete an initial questionnaire.
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Results
Symptoms had been present for a mean of 20 months (SD 28) before surgery. A 
total of 74 patients (27%) underwent MRI before surgery, which showed a TFCC 
tear in 43 (58%). Arthroscopy of the wrist was undertaken in 187 patients (68%). 
Most of these patients had a 1B tear (n = 129; 75%). All types of tear were repaired 
by foveal reattachment and dorsal capsule tightening. Out of the 74 patients with 
a MRI examination, 51 also had an arthroscopy. MRI findings suggestive of a TFCC 
injury were confirmed in 26 patients at arthroscopy. Negative MRI scans in 25 
patients, leading to arthroscopy, resulted in the identification of a TFFC injury 
in 24. In 17 patients, the MRI was positive and direct open repair was chosen 
without preoperative arthroscopy. The MRI was negative in six patients but clinical 
suspicion suggested that direct open repair was indicated without preoperative 
arthroscopy. We prospectively collected data on these patients consecutively 
in routine daily practice without having study guidelines or work-up protocols. 
Thus the indications and preoperative investigations were decided upon by each 
individual surgeon. Atzei et al's18 classification reflects an improved understanding 
of the aetiology of peripheral TFCC injuries compared with Palmer’s original 
classification.19 However, the classification of Atzei et al18 requires both radiology 
and arthroscopy of the wrist for each patient and was therefore not applicable. 
The aetiology of the TFCC injury was recorded in 173 patients (63%). TFCC injury 
was most often associated with a distal radial fracture (n = 66; 24%), a fall on the 
outstretched hand (n = 52; 19%) or a twisting injury (19; 7%). Table III shows the 24 
concomitant procedures that were recorded.

Table 3: Concomitant procedures for the 274 included patients 

Procedure (n)
Ulnar styloidectomy 4

Brunelli 4

Ulnar shortening plate removal 3

Synovectomy wrist joint 3

Carpal tunnel release 1

Trigger finger release 1

Cubital Tunnel Release 1

Osteotomy Radius 1

Radial nerve release 1

Ulnar nerve release 1

Pisiformectomy 1

ECU loop and Ulnashortening 1

Other 2

ECU, extensor carpi ulnaris.
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Patients improved significantly from baseline to three months after surgery, from 
a mean PRWE Total Score of 63 (SD 18) to 36 (SD 21; p < 0.001, paired t-test). 
They continued to improve significantly to 12 months after surgery, with a mean 
PRWE Total Score of 26 (SD 22; p < 0.001, paired t-test) (Table IV). The mean VAS 
improved significantly from baseline to 12 months postoperatively: the mean pain 
during activity decreased from 59 to 26 (SD 29) (Table IV).

Table 4. Patient-Rated Wrist Evaluation scores and visual analogue scale scores at baseline and 12 months 
postoperatively.

Category Baseline 12 months p-value*
Patients, n 209 209

Mean PRWE Total Score (SD) 56 (20) 26 (21) < 0.001

Mean PRWE pain score (SD) 30 (10) 15 (11) < 0.001

Mean PRWE function score (SD) 26 (12) 10 (11) < 0.001

Mean VAS pain (SD) 52 (23) 25 (24) < 0.001

Mean VAS function (SD) 47(25) 74 (28) < 0.001

*Paired t-test.
PRWE, Patient-Rated Wrist Evaluation; VAS, visual analogue scale.

At 12 months, 220 patients (80%) had a PRWE Total Score which had improved 
by more than the MCID, with a mean change of 44 (SD 19). A small percentage, 
12% (n = 32) of patients improved but by less than the MCID. A total of 21 patients 
(8%) had a worse PRWE Total Score at 12 months, with a mean increase of 12 (SD 
9). Figure 3 shows the same patterns for the individual subscales that comprise 
the PRWE Total Score. Pain and function according to the VAS showed a similar 
improvement to that in the PRWE Total Score (Table IV).
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Figure 3. Patient-Rated Wrist Evaluation Total Score (PRWE) and sub-score three months and 12 months 
postoperatively

.

 

Figure 4 shows the changes in the ROM. Neither the mean pronation nor supination 
changed significantly, (from 77° (SD 11°) at baseline to 78° (SD 11°) at 12 months; 
(p = 0.438, paired t-test), and from 75° (SD 13°) at baseline to 76° (SD 10°) at 12 
months (p = 0.936, paired t-test), respectively. Both mean wrist extension and 
flexion increased significantly, (from 63° (SD 13°) at baseline to 70° (SD 11°) at 
12 months (p < 0.001, paired t-test), and from 59° (SD 18°) at baseline to 68° (SD 
12°) at 12 months (p < 0.001, paired t-test), respectivley. The mean ulnar deviation 
increased significantly from 27° (SD 9°) at baseline to 31° (SD 8°) at 12 months (p 
= 0.013, paired t-test). The mean radial deviation remained at the same level, from 
at 19° (SD 9°) at baseline to 19° (SD 7°) at 12 months (p = 0.227, paired t-test).
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Figure 4. Range of motion at baseline and at three and 12 months postoperatively: a) dorsal flexion, b) 
palmar flexion, c) pronation, d) supination, e) radial deviation, and f) ulnar deviation.
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The mean grip strength improved significantly (p ≤ 0.001), from 24.6 kg (SD 12.4) 
at baseline to 31.9 kg (SD 11.3) at 12 months after surgery.

Nine patients had recurrent instability and 17 had recurrent pain on the ulnar 
side. Of these 26 patients, 21 had further surgery; 12 underwent revision TFCC 
reinsertion, seven underwent ulnar shortening, three underwent an Adams 
ligament reconstruction,20 and three had a sling stablization of the extensor carpi 
ulnaris tendon. The most common reason for revision TFCC reinsertion was a 
further injury, usually substantial trauma, a fall on the outstretched hand, or a 
twisting injury. If this trauma led to pain and instability of the DRUJ, we instigated a 
new period of conservative treatment and hand therapy. If this failed, a reoperation 
was considered.

We compared the demographics of responders with non-responders to assess if 
outcomes were missing at random, and found no differences in age, sex, labour 
status, or affected side. The duration of symptoms was significantly longer in the 
responder group (Table V).

Table 5. Demographics for included and excluded patients.

Demographic Non-responder Responder p-value*
Total, n 270 274

Mean age, yrs (SD) 36.3 (12) 38.2 (13) 66

Sex, male (%) 91 (34) 79 (29) 246

Median duration of symptoms, mths (IQR) 7 (5 to 12) 12 (6 to 24) < 0.001

Labour status n (%) 92

Not working 42 (16) 41 (15)

Light physical work 88 (33) 98 (36)

Moderate physical work 97 (36) 75 (27)

Heavy physical work 43 (16) 61 (22)

Affected side, right (%) 171 (63) 165 (60) 476

*Paired t-test. 
IQR, interquartile range.

Discussion
We found patient-reported outcomes of pain and function to improve significantly 
12 months after open repair of the TFCC. Moreover, the improvement in 220 
patients (80%) was more than the MCID. Extension, flexion, and ulnar deviation of 
the wrist and grip strength improved significantly 12 months after surgery.
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In general, clinical and especially patient-reported outcome data are not available 
for open repair of the TFCC.3,6,7,9 Our findings fill this gap.

The mean improvement in the PRWE Total Score was 37 (SD 19) on a 0 to 100 scale.
Few authors have reported information about the PRWE after TFCC reinsertion. 
Luchetti et al8 reported a mean improvement of 27 points in 24 patients. Their 
patients had about 60% additional procedures done at the time of surgery, making 
the results less predictive for the outcome of isolated TFCC reinsertion. The reasons 
for the variation in patient outcome, in particular the 21 patients who did not show 
significant improvement, will be an important focus for our future research.

The mean pain scores improved postoperatively by ≥ 30 points on the VAS. 
Although patients reported significant improvement in pain, Luchetti et al8 reported 
pain with a mean VAS score of 15 (SD 12) at 12 months. These postoperative pain 
results are comparable with those reported by others.6

Although the mean pronation and supination were not improved after this 
procedure, as might be expected, the mean flexion, extension, and ulnar deviation 
improved significantly by 7°, 9°, and 4°, respectively, 12 months after surgery. 
Chou et al4 reported, in a series of eight patients with a mean follow-up of four 
years, a reduced range of pronation and supination preoperatively compared with 
the unaffected side, while noting a small and non-significant gain in pronation 
and supination postoperatively. Most studies on TFCC reinsertion fail to state 
the preoperative ROM measurements.6 We feel that there is no reason to limit 
supination postoperatively using a sugar-tong or above-elbow cast. In the future, 
we will examine whether the hand-therapy protocol after surgery can include 
early supination. Loss of motion is not a typical symptom of patients with a TFCC 
injury but, given the unexpected improvement in extension, flexion, and ulnar 
deviation at 12 months, we hypothesize that pain may have been the reason for 
this observation before surgery.

The mean grip strength improved from 24.6 kg at baseline to 31.9 kg 12 months 
after surgery. Luchetti et al8 reported a non-significant improvement in grip 
strength of between 20 kg and 22 kg postoperatively in 24 patients. Grip strength 
at baseline is usually under-reported in studies focusing on TFCC repair.21 Our 
findings of a 30% gain in mean grip strength 12 months after surgery suggests 
that a stable DRUJ is an important factor in regaining grip strength after this injury.

The postoperative complications were similar to those which have previously 
been reported.8,9 Recurrent instability or ulnar-sided pain were the most common 
and improved following further surgery in 21 patients (7.6%).



60

CHAPTER 3

No studies have reported the profession or workload of patients undergoing this 
type of surgery. Our patients had a relatively even distribution of levels of work 
(Table I). We did not find that workload correlated with any postoperative outcome. 
The mean duration of symptoms at baseline was 20 months (SD 28). Responders 
had a longer mean duration of symptoms compared with non-responders. This 
difference could be because patients with longstanding pain are more motivated 
to return questionnaires than those who have been suffering for a short time.

This was the largest study of prospectively collected patient-reported outcomes for 
patients undergoing open repair of the TFCC using a routine surgical procedure. 
The large number of patients is a result of ongoing continuous data collection 
in our institution, as previously reported in a general summary cohort paper.10 
Several studies on open repair of the TFCC have focused on open or arthroscopic 
methods while omitting measurements of grip strength, pain, and satisfaction, 
which hampers the interpretation of the outcome.

Our findings may be used when counselling patients. In general, most patients 
undergoing TFCC reinsertion for ulnar-sided wrist pain that has not responded to 
conservative management can expect clinically significant improvements in pain 
and function by 12 months postoperatively. The range of extension, flexion, and 
ulnar deviation also improved. We suggest that surgery need not be indicated 
in patients with a PRWE Total Score of < 30 as they fail to show significant 
improvement postoperatively.

Our study had limitations. First, we followed the patients for only 12 months. Also, 
we had complete data for only 50% of the patients treated in our centres, so the 
improvements in pain and function may not be generalizable to the whole cohort.
The controversy about open versus arthroscopically assisted minimally invasive 
TFCC reinsertion has tilted towards the latter in recent years. However, two large 
reviews of the literature by Andersson et al6 and by Robba et al9 concluded that 
there was little information about the outcome after open reinsertion and further 
investigation was required. We found that open repair of the TFCC can improve 
function and pain reliably.

Take home message

• This is a large cohort with prospectively collected patient-reported outcomes 
after open repair of the triangular fibrocartilage complex (TFCC).

• Our data will help surgeons make clinical decisions regarding the potential 
outcomes of open repair of the TFCC.
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Abstract
Purpose Patients with Triangular Fibrocartilage Complex (TFCC) injury report 
ulnar sided wrist pain and impaired function. Open TFCC repair aims to improve 
these complaints. Patients have been shown to improve in both pain and function 
at 12 months postoperatively, but results are highly variable. The purpose of this 
study was to relate patient (e.g. age and sex), disease (e.g. trauma history and 
arthroscopic findings), and surgery factors (type of bone anchor) associated with 
pain and functional outcomes at 12 months after surgery.

Methods This study included patients with open TFCC repair between December 
2011 and December 2018, in various Xpert Clinics in the Netherlands. All patients 
were asked to complete Patient Reported Wrist Evaluation (PRWE) questionnaires 
at baseline as well as at 12 months postoperatively. Patient, disease, and surgery 
factors were extracted from digital patient records. All factors were analyzed by 
performing a multivariable hierarchical linear regression.

Results 274 patients who had received open TFCC repair and who had 
completed PRWE questionnaires were included. Every extra month of symptoms 
preoperatively was correlated with an increase of 0.14 points on the PRWE total 
score at 12 months postoperatively. In addition, an increase of 0.28 points in PRWE 
total score at 12 months was seen per extra point of PRWE total score at baseline.  

Conclusion Increased preoperative pain, less preoperative function and longer 
duration of complaints are factors that were associated with more pain and less 
function 12 months after open surgery for the TFCC. This study arms surgeons 
with data to predict outcomes for patients undergoing open repair of the TFCC. 
Level of Evidence: II
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Introduction
The triangular fibrocartilage complex (TFCC) is an important structure situated 
between the radius, ulna, and carpalia. The TFCC both absorbs axial forces on the 
wrist and acts as a stabilizer of the distal radio-ulnar joint (DRUJ)1. 

A TFCC lesion after trauma or after a degenerative process may result in ulnar-
sided wrist pain and instability of the DRUJ. If primary nonoperative treatment of 
a TFCC tear fails, surgical repair of the TFCC may be considered. 

While we know that open TFCC repair significantly improves pain and function 
for most patients at one year postoperatively2, we do not know which factors 
influence the outcome. No comparative literature on prognostic factors in TFCC 
repair could be identified.

The prognostic factors for hand function and pain 12 months after open TFCC 
repair have not yet been determined. The purpose of this study was to evaluate 
potential patient characteristics (i.e., age, sex, duration of complaints, type of 
labor, dominant hand, second opinion) as well as disease (i.e., ulnar variance, 
baseline PRWE, prior hand therapy, type of TFCC tear) and surgery characteristics 
(i.e., type of bone anchor used, combined procedure) that can influence outcome 
in function or pain in patients 12 months after an open repair of the TFCC. Our 
hypothesis was that longer duration of symptoms would be associated with worse 
postoperative outcomes measured by PRWE.

Methods
Ethical approval of the study protocol

The ethics committee of Erasmus University Medical center approved our study 
protocol (NL/sl/MEC-2018-1088). All patients provided written consent for their 
data to be used in this study. Our institution comprises 21 surgeons certified by 
the Federation of European Societies for Surgery of the Hand and has over 150 
hand therapists3.

Patients

In this prospective cohort study, we included patients who elected open repair of 
the TFCC between December 2013 and December 2018. Patients were invited to 
be part of a routine system for outcome measurement after their first consultation 
with a surgeon. If they agreed, they received Internet-based questionnaires before 
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as well as 3 months and 12 months after surgery. In addition, measurements of 
the range of movement (ROM) at a 3-month and 12-month follow-up as part of 
standard care at our outpatient clinics. Three reminders were sent to patients for 
each round of questionnaires. Patients who failed to complete questionnaires at 
baseline or 12-month follow-up were excluded. The clinical and research setting of 
our study group is described in more detail elsewhere3. 

The indication for open TFCC repair is a tear with instability of the distal radio-ulnar 
joint (DRUJ)4. Management of ulnar-sided wrist problems follows specific steps. 
Briefly, nonoperative treatment was initiated by short immobilization, followed by 
a rigorous program of wrist exercise. If symptoms persisted longer than 3 months, 
instability of the DRUJ was evident, clinical symptoms and/or radiographs with a flake 
or non-union of the ulnar styloid were present, proceeding to direct open repair of 
the TFCC was considered. In all other cases, arthroscopy or magnetic resonance 
imaging (MRI) of the wrist was done to confirm that a TFCC injury was present. 

Diagnosis
This study was based on prospectively gathered data in daily clinical practice. No 
specific study-protocol was in place . Imaging studies or a diagnostic arthroscopy 
were ordered as deemed necessary. MRI imaging is useful as a preliminary 
diagnostic tool5. However, arthroscopy is the most accurate method of diagnosis 
and is, therefore, the diagnostic gold standard. We report the findings of the ulnar 
fovea sign6, the ballottement test7, the trampoline test, or the hook test8 and the 
Palmer classification. The Palmer classification is an evaluation system that is 
nowadays used to categorize TFCC lesions. The system was proposed by Andrew 
K. Palmer in 1989, which consists of two main classes; Class 1, traumatic tears, and 
Class 2 degenerative tears9.

Procedure for open TFCC repair

All patients received a regional local anesthetic block (axillary or supraclavicular) 
by anesthetists who each provide >800 upper-extremity blocks per year. Surgeons 
undertook their preferred method of open TFCC repair. Most surgeons used a 
method derived from that of Garcia Elias4. Surgical procedure and rehabilitation 
have been described in detail in our recent paper2. Surgery started with a Bruner 
incision of the dorsal and volar sheath of the fifth compartment. The 4,5 dorsal 
retinacular artery (which can usually be found in the ulnar and volar parts of the 
fifth compartment) was protected as much as possible. Foveal reattachment was 
obtained by repair of the cartilage disc to the distal ulna5 with a bone anchor (MITEK®; 
Raynham, MA, USA; JuggerKnot® Soft Anchor; Zimmer Biomet, Warsaw, IN, USA). The 
JuggerKnot Soft Anchor is an all-suture device and lacks polyether ether ketone or 
other composite material, but uses a coreless sleeve and suture construct 10. 
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Before insertion of the bone anchor, the cartilage surface of the distal ulna was 
roughened with a rongeur or dental hook to facilitate adhesion and repair. The threads  
of the anchor suture were used to tighten the dorsal capsule and then close the 
floor and roof of the fifth compartment firmly after relocation of the extensor 
digiti minimi. Soft tissues were closed in layers with Vicryl® (Ethicon, Hamburg, 
Germany). The skin was closed with Monocryl® or Prolene® (Ethicon) based on 
the surgeon’s preference.

The general postoperative immobilization protocol consisted of a double-slab 
plaster of Paris for 3–5 days, followed by a long volar wrist splint (below elbow) 
for 6 weeks. Patients were offered an extensive program of hand rehabilitation 
comprising 6 weeks of active mobilization followed by 6 weeks of strengthening 
exercises. Hand therapists started early, active extension and flexion of the wrist  
2 weeks after surgery. Our centers for hand surgery and therapy are fully integrated 
and post-operative hand therapy was closely monitored and standardized. Follow-
up with hand surgeons was scheduled at 3 and 12 months and for hand therapy in 
the first 6 weeks, twice a week. 

Measurements

Patients were asked to complete the Dutch version of PRWE before as well as at 3 
and 12 months after surgery11. PRWE is a validated questionnaire comprising 15 
questions; five questions for pain and 10 for disability12. All questions are answered 
on a scale from 0 (“no pain or dysfunction”) to 10 (“severe pain or dysfunction”). For 
both subscales, a score between 0 and 50 is calculated. Patients were also asked 
to use a visual analog scale (VAS) to score pain and function concurrently. Pain and 
function were rated on a scale from 0 (“no pain or function”) to 100 (“severe pain 
and no function”).

Records research
We analyzed the medical records of all included patients to extract relevant patient, 
disease, and surgical factors. These variables were clustered into three subgroups 
before analysis. See Table 1. The variable profession was categorized into four 
groups, sorted by level of physical effort: not working (including retirement or being 
unable to work), light physical work (e.g., office work), moderate physical work 
(e.g., working in a store) and heavy physical work (e.g., working in construction).  
A combined surgery was defined as an open TFCC repair that was directly 
preceded or followed by another type of hand or wrist procedure in the same 
theatre session on the same hand. 
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Statistical Analyses
We performed a stepwise linear regression model to test the adjusted associations 
between the patient, disease, and surgical factors and the total PRWE score at 12 
months post-surgery. The step variables are added to the model in three steps 
of variables to simultaneously test how much the group of variables can explain 
the variance in the PRWE total score. First, patient factors (e.g., age and sex), 
then disease factors (e.g., trauma history and arthroscopic findings), and finally, 
surgical factors (e.g., type of bone anchor) were added to the model, for a full list 
of all factors in each group, see Table 3. 

A power analysis was done to calculate the minimum number of patients to reach 
a medium effect size (0.15) with 25 potential prognostic variables. This showed 
that we needed a power sample of 242 patients. To assess any differences 
between the included patients and the excluded patients due to missing data, we 
performed an unpaired t-test, Chi-Squared test, and a Wilcoxon rank-sum test to 
compare their baseline characteristics. P-values less than 0.05 were considered 
statistically significant.

Figure 1. Flow diagram of included patients

 



71

Prognostic factors in open Triangular Fibrocartilage Complex (TFCC) repair

4

Results
Between December 2011 and December 2018, a total of 544 patients had received 
an open TFCC repair at our centers. We excluded 61 patients due to incomplete 
or missing PRWE questionnaires at baseline. Another 204 patients were excluded 
due to incomplete or missing PRWE questionnaires 12 months post-surgery, or 
because they were operated on the same hand within 12 months after open TFCC 
repair. A total of 11 patients had additional surgery due to a failed initial treatment. 
In total, 274 patients were included in our study. A flow diagram of the exclusion 
process can be found in Figure 1. Patients improved significantly from baseline to 
3 months after surgery, from a PRWE Total Score (mean ± SD) of 63±18 to 36±21, 
respectively (p < 0.001)
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Table 1. Patient characteristics .

Age (mean (SD)) 38±12

Sex, male (%) 79 (29%)

Duration of symptoms (months) (mean ± SD) 20±28

Body mass index (kg/m2) (mean ± SD), n = 252 25±4.0

Smoking (%) 52 (26%)

Profession

Not working (including retirement/unable to work) 41 (15%)

Light physical work (e.g., office work) 97 (36%)

Moderate physical work (e.g., working in a store) 75 (27%) 

Heavy physical work (e.g., construction, road worker) 61 (22%)

Dominant side treated (%) 168 (61%)

Second Opinion 71 (26%)

Preoperative hand therapy 174 (64%)

Positive ulnar variance 34 (12%)

Previous distal radius fracture 52 (19%)

Documented fall onto an outstretched hand 53 (19)

Arthroscopy findings*
Tear location

187 (68%)

Central tear 6 (2%)

Lateral tear or foveal detachment 140 (51%)

Distal tear 6 (2%)

Radial tear 25 (9%)

No tear 9 (3%)

Tear in multiple locations 41 (15%)

Degenerative tear 9 (3%)

Shave TFCC tear edges during arthroscopy 45 (16%)

MRI carried out 74 (27%)

MRI positive for TFCC injury 43 (58%)

All patient characteristics are shown in Table 1. The vast majority of included 
patients were middle-aged women. In 187 patients (68%), diagnostic wrist 
arthroscopy was performed prior to surgery, 140 (75%) of these patients had a 
Palmer class 1B tear. Furthermore 74 patients had received MRI imaging prior to 
the operation date. Of these 74 patients, only 43 (58%) had a visible TFCC tear. Out 
of the 74 patients with an MRI examination, 51 had an arthroscopy as well. MRI 
findings suggestive of a TFCC injury were confirmed in 26 cases via arthroscopy. 
Negative MRI scans (25 patients) leading to arthroscopy resulted in 24 positive 
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findings for TFCC injury. In 17 patients the MRI was positive and direct open repair 
was elected (no arthroscopy prior to surgery). In 6 patients the MRI was negative 
but clinical suspicion indicated direct open repair without prior wrist arthroscopy. 
All types of TFCC tears in this cohort were repaired by foveal reattachment and 
dorsal capsule tightening. We prospectively collected data on consecutive patients 
in daily practice and no study guidelines were present. As a consequence the 
indication and work up for surgery was decided upon by each individual surgeon. 
A few cases of combined tears, positive ulnar variance, and degenerative tears 
were reported. 

Table 2. Comparison of included and excluded patients. 

Non-responders✺ Responders p-value
Number 270 274

Age (mean ± SD) 36.3±12 38.2±13 0.07

Sex, male (%) 91 (34) 79 (29) 0.25

Duration of symptoms in months 
(median (interquartile range: Q3–Q1))

7 (12–5) 12 (24–6) 0.00*

Labor status (%) 0.09

Not working 42 (16) 41 (15)

Light physical work (e.g., office work) 88 (33) 97 (36)

Moderate physical work (e.g., working in a 
store)

97 (36) 75 (27)

Heavy physical work (e.g., construction, road 
worker)

43 (16) 61 (22)

Affected side, right (%) 171 (63) 165 (60) 0.48

Table 2 shows that included and excluded patients had very similar characteristics. 
The only difference was a longer median duration of complaints before surgery in 
the included patients (p<0.001). 

In the final multivariable analysis (Table 3), the duration of complaints (B = 0.15, 
95%CI[0 - 0.3], p < 0.01) and the PRWE total score at baseline (B = 0.30, 95%CI[0.1 
- 0.5], p < 0.01) were independently associated with the PRWE total score at 12 
months. For example, patients who have complaints 1 year longer than average, 
have 12 x 0.15 = 18 points higher PRWE scores at 12 months. Tear location, 
positive ulnar variance, and the presence of traumatic tears were not significantly 
associated with the outcome at 12 months.



74

CHAPTER 4

Table 3. Comparison of Included and Excluded Patients

B 95%Ci P-value
Patient 
characteristics

Age -0.05 [-0.27 - 0.17] 0.64

Sex (male) 3.00 [-3.43 - 9.44] 0.36

Duration of complaints (months) 0.15 [0.04 - 0.25] <0.01

Type of labor (ref = no paid labor)

Light physical labor -7.06 [-15.25 - 1.14] 0.09

Moderate physical labor -4.99 [-13.52 - 3.54] 0.25

Heavy physical labor -5.40 [-14.31 - 3.51] 0.24

Dominant side treated -2.85 [-8.45 - 2.76] 0.32

Second opinion 2.19 [-4.06 - 8.43] 0.49

Disease 
characteristics

Preoperative hand therapy 0.93 [-5.01 - 6.86] 0.76

Preoperative PRWE total score 0.30 [0.14 - 0.45] <0.01

Positive ulnar variance -3.78 [-12.19 - 4.63] 0.38

Trauma in history 1.90 [-3.78 - 7.58] 0.51

Tear location (ref = no tear)

Central 7.75 [-17.17 - 32.67] 0.54

Dorsal -0.41 [-23.67 - 22.85] 0.97

Fovea 2.47 [-13.27 - 18.21] 0.76

Radial 13.52 [-4.62 - 31.66] 0.15

unknown 3.52 [-12.26 - 19.31] 0.66

Tear in multiple locations -0.30 [-8.34 - 7.73] 0.94

Degenerative tear -5.62 [-21.19 - 9.94] 0.48

Shave TFCC during arthroscopy -7.52 [-15.75 - 0.72] 0.07

Surgical 
characteristics

Type of fixation (ref = none)

Juggerknot -9.88 [-31.63 - 11.87] 0.37

Mitek 0.13 [-19.84 - 20.09] 0.99

Combined surgery 7.22 [-2.01 - 16.45] 0.13

Table 4 shows the full stepwise model. Performing a shave of the edges of the TFCC 
tear during arthroscopy in a prior procedure was significant in the second model 
demonstrating a positive prognostic factor on outcome. However, this was not 
significant in the final model (p = 0.07). Patient, disease, and surgical factors explained 
respectively 4%, 8%, and 2% of the PRWE total score 12 months after surgery.
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Discussion
This study shows that a longer period of symptoms, higher pain, and a higher 
functional PRWE total score at baseline lead to inferior hand function (higher 
PRWE) and more pain at 12 months after TFCC repair. The PRWE score at 12 
months will be 0.15 point higher for each additional month of complaints. Patient, 
disease, and surgical factors explained respectively 4%, 8%, and 2% of the PRWE 
at 12 months, thus the percentage of explained variation in outcome remained 
below 10%. Baseline patient reported outcome measurements may prove 
valuable in hand surgery for selecting the best patients for a particular procedure 
in the same manner as knee and hip surgeons report these tools to be of value 
in patient selection or optimization before electing surgery13,14. We experience 
good results with conservative management of TFCC tears and although we find 
prolonged duration of symptoms to be associated with worse outcomes, we still 
consider conservative treatment as the first treatment option. Our findings can aid 
surgeons in counselling patients considering open TFCC repair and more specific 
regarding their expectations on the outcome for pain and function after surgery.

This study can aid clinicians in the preoperative counselling of patients considering 
open TFCC repair. The findings support the prediction of surgery outcomes by 
patient characteristics. Previous research with the same cohort has shown that 
patients who underwent TFCC repair for ulnar sided wrist pain can expect clinically 
significant improvements in pain and function 12 months postoperatively. Nearly 
80% of these patients experienced an improvement in pain and function at least as 
large as the assumed minimally clinically important difference for PRWE (14 points 
for TFCC repair)2. In addition, this study provides insight into possible factors that 
may lead to suboptimal outcomes at 12 months post-surgery. In the literature, no 
relevant paper could be identified on prognostic factors in open or arthroscopic 
repair, therefore comparison to other scholars was not possible. 

Our study has several limitations. We only followed our heterogenous patient 
population for one year after surgery. We would be interested to see the long-term 
effects of open repair on hand function and pain, as full recovery of open repair 
might take longer than 12 months. Pain and dysfunction may still change and most 
likely improve in this period, as patients are moving out of the operative period and 
return to their daily routines. Subsequently, it would also be interesting to see if 
pain and dysfunction can be evaluated with another measurement scale than the 
PRWE. For instance, the return-to-work rate after open TFCC repair. In addition, we 
only have complete data for 47% of our intentioned cohort. The remaining 53% 
was not lost to follow-up but failed to respond to the questionnaires. The median 
duration of complaints in our patient group was 12 months. This was significantly 
higher than in the excluded patient group, which had a median duration of 7 months.  
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It is thus possible that excluded patients with shorter duration of symptoms had 
better postoperative outcomes. With our patient group, we found that a longer 
duration of complaints is associated with more pain and dysfunction after open 
TFCC repair. Consequently, we do not know if this is also the matter in patients 
who have a shorter duration of complaints than our patients. 

The total explained variance of the factors that we added in the analysis is low. 
With the current factors in our model, it remains difficult to predict outcomes of 
open TFCC repair. This could imply that other factors, which we did not include 
in our model, are influencing hand function and pain 12 months after open TFCC 
repair. It would be of interest if future research could investigate other factors, 
such as BMI, psychological factors, and comorbidities such as diabetes, to see if 
these factors can predict the functional and pain outcomes of open TFCC repairs 
to a greater degree. 

In conclusion, preoperative pain and function and duration of complaints are 
factors that are associated with pain and function outcomes 12 months after open 
repair of the TFCC. These findings can inform surgeons while predicting outcomes 
for open TFCC repair. 
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Abstract
Purpose To determine thresholds in patient-reported outcome measures at 
baseline in patients electing to undergo triangular fibrocartilage complex surgery 
(TFCCS) to select patients with clinically improved outcomes.

Methods The study cohort comprised consecutive patients who underwent 
open TFCC repair between December 2011 and December 2018 in various 
clinics in the Netherlands. All patients were asked to complete the Patient-
Rated Wrist Evaluation (PRWE) questionnaire at baseline as well as at 12 months 
postoperatively. The Minimal Clinically Important Difference (MCID) for the PRWE 
was calculated to be 24 using an anchor-based method. We compared patient, 
disease and surgical characteristics between patients who did and did not reach 
the MCID. T-tests and chi-square tests were undertaken to test differences 
between outcomes and satisfaction in patients who did or did not reach the MCID.  

Results Patients (34%) who did not reach MCID had a longer history of complaints. 
The chances of reaching the MCID for patients with a low PRWE score at baseline 
were slim. Of patients with a PRWE score <34 at baseline, only 14% reached the 
MCID whereas in patients with a PRWE score of ≥34, 69% reached the MCID.

Conclusion A PRWE total score at baseline <34 is a strong signal to reconsider 
open surgery of the TFCC because the chance of reaching a clinically meaningful 
outcome is slim. 

Level of Evidence: II

Take home message

• The anchor based MCID for TFCCS is 24
• Baseline PRWE <34 is associated with dissatisfaction with the end result 

while treatment experiences remains high
• Reconsider indication for TFCCS with baseline PRWE <34
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Introduction
As hand surgeons, we seek guidance for the indications for surgical interventions. 
Ideally, this requires prognostic factors that demonstrate sufficient correlation 
with outcome to justify treatment selection. These factors are scarce and difficult 
to identify. We tend to look for patient factors such as comorbidity (e.g., diabetes 
mellitus, tobacco smoking) to discover a correlation that contributes to the 
decision-making process for elective surgery. 

Studies have shown that not all patients may benefit from open triangular 
fibrocartilage complex surgery (TFCCS) 1,2. In one of our studies on outcome after 
TFCCS3, we found that 20% of patients did not reach the minimal clinical important 
difference (MCID) of the Patient-Rated Wrist Evaluation (PRWE). That study gave 
insights into outcomes for open TFCCS, but it provided limited insight into which 
patients carry a high chance of failure (i.e., not reaching the MCID). 

Therefore, in the present study, we asked whether a baseline Patient Reported 
Outcome Measurement (PROM), such as the PRWE, could predict success or failure 
of open reinsertion of the TFCC. Second, we questioned whether the patients that 
failed to reach the MCID were satisfied or dissatisfied by the treatment experience. 
We knew from our studies 4-6 that patient experience and illness perception are 
important indicators for surgical outcome in various hand-surgery treatments. 
Hence, were the patients whose procedure was unsuccessful with a low PRWE 
score at baseline dissatisfied in general? Did they have a bad treatment experience 
and hence a worse outcome? 

To answer these questions, we undertook a detailed analysis of the differences 
in patients who improved and who did not improve after TFCCS. Moreover, we 
searched for a threshold value for the PRWE at baseline that could predict a 
clinically improved outcome.

Methods
The ethics committee of Erasmus University Medical center approved our study 
protocol (NL/sl/MEC-2018-1088). Patients provided written informed consent for 
their data to be used in this study. Our institution comprises 23 hand surgeons 
certified by the Federation of European Societies for Surgery of the Hand, and has 
more than 150 hand therapists.
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A retrospective review was undertaken of prospectively collected data of 
consecutive patients who elected to have open repair of the TFCC between 
December 2011 and December 2018. Patients were invited to be part of a routine 
system for outcome measurement after their first consultation with a surgeon. 
After providing informed consent, they received online questionnaires at baseline 
as well as 3 months and 12 months after surgery. This routine care in our 
institution also included measurements of the range of movement preoperatively 
and at 3-month and 12-month follow-up. Three reminders were sent to patients 
for each round of questionnaires. Patients who failed to complete questionnaires 
at baseline or 12-month follow-up were excluded. The clinical and research setting 
of our study group has been described in more detail 7. 

Usually, the indication for open TFCC reinsertion is a foveal tear with instability of 
the distal radio-ulnar joint (DRUJ) 8. Management of ulnar-sided wrist problems 
follows specific steps. Briefly, conservative treatment was initiated by short 
immobilisation, followed by a rigorous programme of wrist exercise. If symptoms 
persisted for >3 months, DRUJ instability was evident, clinical symptoms and/or 
radiographs with a flake or non-union of the ulnar styloid were present, then 
proceeding to direct open repair of the TFCC was considered. In all other cases, 
arthroscopy or magnetic resonance imaging of the wrist was done to confirm that 
a TFCC injury was present. 

Patients received a regional local anaesthetic block (axillary or supraclavicular) by 
anaesthetists who each provide >800 upper-extremity blocks per year. Surgeons 
undertook their preferred method of open TFCC reinsertion. Most surgeons 
used a method derived from that of Garcia Elias 8. The surgical procedure and 
rehabilitation have been described in detail by the first author 3.

Patients were asked to complete the Dutch version of PRWE at baseline as well at 
3 and 12 months after surgery 9. PRWE is a validated questionnaire comprising 15 
questions; five questions for pain and 10 for disability 10. All questions are answered 
on a scale from 0 (‘no pain or dysfunction’) to 10 (‘severe pain or dysfunction’). For 
both subscales, a score between 0 and 50 is calculated. 

Sorenson and colleagues reported an MCID for the PRWE of 14 for conservative 
treatment for hand and wrist disorders. However, they stated that this MCID cannot 
be generalised to patients undergoing surgical treatment 11. Therefore, we aimed to 
calculate the MCID of the PRWE specifically for patients undergoing TFCC reinsertion. 
We used an existing database of a different cohort of 357 patients who completed the 
PRWE before and 12 months after TFCC reinsertion, and provided data on satisfaction 
with treatment. We excluded patients who underwent surgery on the same hand 
within 12 months after open TFCC reinsertion for concomitant disorders.



85

Patient-Rated Wrist Evaluation threshold for successful open surgery of the triangular 
fibrocartilage complex

5

For the MCID calculation for patients undergoing open surgery for the TFCC, 
we used the MIC predict method with satisfaction with treatment results as the 
anchor. This approach can correct for a bias if the proportion of patients scoring 
to be ‘improved’ is not equal to the proportion ‘not improved’ 12,13. Patients rating 
their satisfaction with treatment results 12 months postoperatively as ‘fair’, ‘good’, 
or ‘excellent’ were considered ‘improved’. There was good discriminative ability 
(AUC = 0.87) for this anchor 14. This strategy resulted in a MCID of 24 for patients 
undergoing TFCC reinsertion. 

Patients were also asked to complete a visual analog scale for pain and hand 
function at baseline, 3 months and 12 months. Pain and function were rated 
on a scale from 0 (‘no pain or function’) to 100 (‘severe pain and no function’). 
Satisfaction with the result was measured at 3- and 12-month follow-up using a 
single question with a five-point scale (‘poor’, ‘fair’, ‘moderate’, ‘good’, ‘excellent’). 
Patients were also asked to complete a questionnaire on how they experienced 
the delivery of care, commonly referred to as a Patient-Rated Experience 
Measure (PREM). This PREM questionnaire comprised 25 items that could be 
classified into six subdomains; ‘physician communication and competence’ (six 
items); ‘perioperative care’ (four items); ‘postoperative care’ (four items); ‘general 
information’ (two items); ‘treatment information’ (three items); ‘quality of facilities’ 
(six items) 15. Appendix S1 contains the questions used in this PREM questionnaire.

We analysed the medical records of all included patients to extract relevant patient, 
disease, and surgical factors. First, we compared patient, disease, and surgical 
characteristics between patients who did/did not reach the MCID. Numerical data 
with a normal distribution were compared using the Student’s t-test. Numerical 
data with a non-normal distribution were compared using the Wilcoxon test. The 
chi-squared test was employed to compare categorical data. Second, we defined 
a threshold by visual inspection of a graph between the PRWE intake score and 
chance to reach the MCID. Third, we compared PREM data between the two groups 
using a Student’s t-test. Finally, we analysed satisfaction with the treatment result 
in relation to the PRWE at baseline and reaching the MCID.
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Figure 1. Flowchart of included patients.
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Table 1. Patient characteristics

MCID reached No Yes p
Number of patients  97 177

Age, mean (SD) 38 (13) 39 (12)  0.45

Sex, % male 33 (34) 45 (25)  0.17

Duration of complaints, mean (SD) 26 (37) 17 (20)  0.01

Occupation (%)   0.14

no paid labour 20 (21) 21 (12)

light physical labour 28 (29) 68 (38)

moderate physical labour 29 (30) 46 26)

heavy physical labour 20 (21) 42 (24)

Second opinion, no (%) 67 (69) 136 (77)  0.81

Previous hand therapy, no (%) 30 (33) 61 (35)  0.76

Dominant side treated, yes (%) 57 (59) 110 (62)  0.68

Ulna plus, % yes 83 (86) 158 (89)  0.48

Tear location, %    0.65

central 1 (1) 5 (3)

dorsal 3 (3) 3 (2)

peripheral 44 (46) 93 (53)

radial 9 (10) 16 (9)

none 2 (2) 6 (3)

unknown (no arthroscopy) 36 (38) 54 (30)

Combined OR, no (%) 87 (90) 160 (90) 1.00

Complications, no (%) 85 (88) 160 (90)  0.83

PRWE total score at baseline, mean (SD) 53 (22) 67 (14) <0.01

Results
Between December 2011 and December 2018, 544 patients received an open 
TFCC reinsertion at our centres. We excluded 61 patients due to incomplete or 
missing PRWE questionnaires at baseline. Another 204 patients were excluded 
due to incomplete or missing PRWE questionnaires 12 months after surgery, or 
because they underwent surgery on the same hand within 12 months after open 
TFCC reinsertion. In total, 274 patients were included in our study (Figure 1).
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Figure 2. Plot of the change of individual patients on the PRWE score from baseline to 12 months after 
surgery. Blue lines denote patients who reached the MCID of 24-point improvement. Red lines represent 
patients who failed to reach the MCID. The treshold value of PRWE score = 34 is displayed by the dashed line.

 

We compared patient, disease and surgical characteristics between patients who 
did/did not reach the MCID. Patients who did not reach the MCID had a longer history 
of complaints (mean difference = 9 months), otherwise we found no differences 
between the two groups in baseline characteristics (Table 1). Figure 2 shows the 
changes in PRWE score over time and whether patients reached the MCID. Most 
patients improved and demonstrated less pain and functional problems after 12 
months, but 35% of patients had improvement of <24 points (MCID). Of patients 
with a score at baseline <34, only 14% reached the MCID whereas, in patients with 
a score at baseline ≥34, 69% reached the MCID (Figure 2).
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Figure 3. Patient-reported measurements of experience in relation to reaching the MCID for satisfaction 
with: physician communication; treatment facilities; general information provided; process of 
rehabilitation and hand therapy; preoperative information about the hand-therapy process. Error bars 
show 95% confi dence intervals. We concluded that measurement of satisfaction with patient experience 
was not diff erent for patients that were satisfi ed/dissatisfi ed by the treatment result as indicated by 
reaching/not reaching the MCID

Figure 3 shows no diff erence in the experience with the physician, facilities, 
preoperative process, rehabilitation, therapy information, and general information 
between patients who did and did not reach MCID. 
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Figure 4. Satisfaction with the treatment result in relation to the PRWE score at baseline and reaching the 
MCID. Y-axis shows the number of patients for each subgroup. X-axis shows stratifi cation for satisfaction 
with the end result as well as the percentage within each subgroup.

Figure 4 demonstrates the distribution of satisfaction with treatment in relation 
to the PRWE score at baseline and reaching the MCID. A low PRWE score at 
baseline was associated with poor, fair or mediocre outcome. A high PRWE score 
at baseline was more closely associated with good-to-excellent rated outcomes. 
Patients (n=97) who failed to reach the MCID were less satisfi ed with the result of 
the surgical procedure (P<0.001).

Discussion
 We found that a PRWE threshold at baseline <34 often led to dissatisfaction with the 
outcome, but this did not automatically lead to dissatisfaction with the treatment 
experience. Patients who failed to reach the MCID after open reinsertion of the 
TFCC (35%) were equally satisfi ed with their treatment experience (i.e., physician 
communication and facilities) as patients who reached the MCID. 

Often, laboratory results are used as a cut-off  point for surgery. For example, 
we would not operate on a patient with a low haemoglobin level or prolonged 
bleeding time. However, hand surgeons are much less acquainted with use of 



91

Patient-Rated Wrist Evaluation threshold for successful open surgery of the triangular 
fibrocartilage complex

5

a PROM at baseline in relation to indication setting. We showed the possible 
predictive value of PROM measurements at baseline in open surgery for the 
TFCC. In hip arthroplasty, similar findings have been reported by Yeo et al. 16. They 
found that the hip PROM score at baseline could predict reaching the MCID with a 
threshold of 24 (p < 0.01) but it did not correlate with satisfaction with the surgical 
procedure. There is evidence that a preoperative PROM is useful in predicting 
reaching the MCID after total knee replacement 17.

Why should a surgical procedure be considered if only few functional problems 
and a relatively low pain score on the PRWE are present? We demonstrated that 
a PRWE at baseline <34 in all but three patients resulted in failure to reach the 
MCID. We tried to understand why patients with few functional problems and 
low pain levels were indicated for surgery. However, the joint decision-making at 
the outpatient clinic was not monitored in sufficient detail in individual patient 
records to provide an answer. Our institution is a highly specialised clinic, so most 
patients might expect (and prefer) surgical intervention instead of hand therapy 
or conservative management. Other surgeons may be more selective in choosing 
patients. We could not find an exact answer to this question in the literature, but 
our mean PRWE at baseline of 63 was comparable with that of four studies used 
in a review by Robba and colleagues: 59 18.

Recently, Robba et al. 19 concluded that there is little consensus among surgeons 
on the management of TFCC injuries, so any information on patient selection 
might be considered useful. In their study, they mention that labelling a TFCC 
injury as a ‘tear’ might lead to the patient’s perception that the ‘tear’ must be 
fixed. This phenomenon could explain why patients with relatively low levels of 
pain and functional loss proceeded to surgery in our cohort. Conversely, patients 
may have specific goals for their surgical procedure, such as to solve complaints 
during specific activities at work or during sporting activities. These patients may 
present with, on average, low scores for pain and good scores for function while 
experiencing sufficiently specific complaints to choose surgery. 

To gain insight in the specific treatment goals of patients, we recently started to 
collect data on patient-specific problems using the Patient-Specific Functional Scale 
(PSFS) 20. The PSFS asks patients which task they want to improve by treatment, and 
then asks to rate this task on a scale of 0–10. The same task is evaluated at follow-
up. In a different and more recent cohort, we identified five patients scheduled for 
TFCC reinsertion with a PRWE score <34. These patients mentioned very specific 
problems on the PSFS (e.g., pulling weights, playing tennis, performing gymnastic 
exercises) while remaining relatively symptom-free in daily life outside these specific 
activities. Perhaps these patients sought surgery to solve complaints that occurred 
with these specific activities, items which are not evaluated readily on the PRWE.
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Another possible confounder could have been the patient experience as defined 
by the PREM questionnaire. We showed that there was no significant difference in 
experience between our groups (Figure 3). The group that did not reach the MCID 
were not, in general, detractors (a detractor is someone who is unhappy with your 
brand, product or service). They were satisfied with the processes surrounding 
treatment (i.e., facilities, physician, explanation, therapy rehabilitation, general 
information). The only answer to the PREM question that differed was the question 
about satisfaction with the surgical outcome. Not reaching MCID on the PRWE 
correlated with low satisfaction on the surgical result.

A possible limitation is that we used the question: ‘How satisfied are you with the 
end result?’ as an anchor for calculating the MCID. In the anchor-based method 
for MCID calculation, the lead question asks for a difference in the situation before 
and after surgery. In 2005, rheumatologists first started using the term ‘Patient-
Acceptable Symptom State’ (PASS) 21-23. PASS is the value beyond which patients 
consider themselves to be ‘well’. It is calculated as the threshold where 75% of 
patients consider their treatment to be successful. We asked our patients about 
satisfaction with the end result. Hence, we suggest that the calculated value of 
24 points is better described as a clinical discriminator for satisfaction with the 
end result. The cut-off point that is now calculated defines the minimal points 
of improvement on a combined scale of patient-reported pain and function for 
a patient to be satisfied with the end result. We agree with Tubach et al. 21 that 
this discriminator is superior to the traditional MCID, where one searches for the 
minimal difference in patient-reported outcome that can result in detection by the 
patient. For example, if a patient had a PRWE at baseline of 90 and improved after 
surgery by 14 points (MCID as calculated by Sorensen et al. 11) to 76, this patient may 
have detected change but could be dissatisfied with the marginally improved end 
result. Also, we had a generally satisfied patient group and, although we corrected 
for this, in these situations anchor-based methods are suboptimal 13. Conversely, a 
possible ‘ceiling effect’ could prevent patients with a low PRWE at baseline to reach 
the MCID by default because the PRWE cannot become less than zero. However, 
we demonstrated that such patients were, overall, dissatisfied with the end result. 
Therefore, we would advise not to proceed to intervention in the future if the 
PRWE at baseline was <34. Therefore, we made an addition to our software using 
a system to detect extreme values (this is usually employed in our institution to 
detect patients with high pain scores or high dissatisfaction postoperatively). We set 
a threshold for PRWE at baseline of 34. This cut-off allows our surgeons to use this 
tool to optimise their individualised and patient-centred decision when considering 
surgical intervention. A surgeon can decide to override this warning system and 
proceed to surgical intervention after reconsidering the indication.
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Conclusions

Use of PROMS at baseline to guide indications for surgery can be beneficial but 
has not been accepted widely. We demonstrated that, for open TFCC surgery, 
a PRWE score at baseline <34 was associated with failure to reach the MCID at 
12-month follow-up. Also, patients with a PRWE at baseline <34 failed to reach 
MCID while demonstrating no difference for overall treatment experience (PREM). 
The PRWE score at baseline can indicate a clinically meaningful outcome in open 
surgery for the TFCC. We advise to reconsider the indication for surgery with a 
PRWE score <34. 
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Abstract
The aim of this study was to assess return to work (RTW) after open Triangular 
Fibrocartilage Complex (TFCC) reinsertion. RTW after open surgery for TFCC injury 
was assessed by questionnaires at 6 weeks, 3 months, 6 months, and 12 months 
post-operatively. Median RTW time was assessed on inverted Kaplan–Meier curves 
and hazard ratios were calculated with Cox regression models. 310 patients with a 
mean age of 38 years were included. By 1 year, 91% of the patients had returned 
to work, at a median 12 weeks (25%–75%: 6–20 weeks). Light physical labor (HR 
3.74) was associated with RTW within the first 15 weeks; this association altered 
from 23 weeks onward: light (HR 0.59) or moderate physical labor (HR 0.25) was 
associated with lower RTW rates. Patients with poorer preoperative Patient-Rated 
Wrist Evaluation (PRWE) total score returned to work later (HR 0.91 per 10 points). 
Overall cost of loss of productivity per patient was €13,588. In the first year after 
open TFCC reinsertion, 91% of the patients returned to work, including 50% within 
12 weeks. Factors associated with RTW were age, gender, work intensity, and 
PRWE score at baseline.

Résumé

Le but de cette étude était d'évaluer le retour au travail (RAT) après la réinsertion 
du complexe fibrocartilagineux triangulaire (TFCC) à ciel ouvert. Le RAT des 
patients après une chirurgie ouverte pour une lésion du TFCC a été évalué par des 
questionnaires à six semaines, trois mois, six mois et douze mois après l'opération. 
Le temps médian de retour au travail a été évalué à l'aide de courbes de Kaplan-
Meier inversées et les rapports de risque ont été calculés avec des modèles de 
régression de Cox. Au total, 310 patients âgés en moyenne de 38 ans ont été inclus. 
Après un an, 91% des patients avaient repris le travail. Le délai médian de retour 
au travail était de 12 semaines (25–75%: 6–20 semaines). Un travail physique léger 
(HR 3,74) était associé à un retour au travail dans les 15 premières semaines. Cette 
association se modifiait à partir de 23 semaines : l'exécution d'un travail léger (HR 
0,59) ou modéré (HR 0,25) était associée à moins de RAT. Les patients avec une 
évaluation préopératoire du poignet par le patient (PRWE) moins bonne étaient 
retournés au travail plus tard (HR 0,91 pour 10 points). Le coût global de perte de 
productivité par patient était de 13,588 €. Au cours de la première année suivant 
la réinsertion du TFCC à ciel ouvert, 91% des patients étaient retournés au travail 
et 50% des patients étaient revenus au travail dans les 12 semaines. Les facteurs 
associés au retour au travail étaient l'âge, le sexe, la charge de travail et le score 
PRWE préopératoire.
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1. Introduction

Ulnar-sided wrist problems can interfere with ability to work and may lead to 
productivity loss. Triangular Fibrocartilage Complex (TFCC, see Fig. 1) injuries are a 
frequent cause of ulnar-sided wrist pain. The surgical technique for TFCC reinsertion 
is well described. However, factors associated with the time to return to work 
(RTW) are less well-known. Bernstein et al.1 reported time to RTW in patients after 
an arthroscopic wafer procedure (21 weeks) and an ulnar shortening procedure 
(24 weeks). Ruch et al.2 reported on arthroscopic repair of TFCC injury and found 
that 11 out of 13 patients returned to their original occupation at a mean 9 weeks. 
Van der Molen et al.3 reported a median RTW time of 14 weeks after wrist fracture 
and ligament instability, and of 14 weeks after ulnar shortening. Data on RTW after 
TFCC injury are scarce.

Figure 1. The triangular fibrocartilage complex (© Dino Pulerà).
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Figure 2. Flowchart: 584 patients underwent open TFCC repair, of whom 486 reported information about 
their employment; 385 (79%) patients had paid employment at inclusion. 310 completed the return to 
work (RTW) questionnaire. 47 patients were censored due to withdrawal from follow-up before they 
returned to work. Return to work is here defi ned as ≥50% of the original number of hours.

Since productivity loss has substantial economic consequences4, it is important to 
understand what factors are involved. The Netherlands is renowned for its social 
welfare system. Paid leave in case of illness was introduced in 1929, following a 
previous law as early as June 5th, 19135. To enable comparison with other societies, 
it is important to be aware of some of the details of this system. At the time of the 
present study, the system was as follows:

• The employer usually pays 100% of the full wages for year 1 and 70% for year 
2, and the wage cannot be lower than the offi  cial minimum wage.

• The employer is required to provide replacement activities and/or do as much 
as possible to enable the employee to return to work within these 2 years, or 
else risk a fi ne (1-year salary costs) on top of paying the 2 years’ wages.
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Therefore, the aims of the present study were firstly to describe RTW after open 
TFCC repair, secondly to identify factors influencing time to RTW after open TFCC 
repair, and thirdly to calculate the costs of productivity loss.

2. Patients and methods

The Erasmus University Medical Center, Rotterdam, the Netherlands' review board 
approved our study protocol (NL/sl/MEC-2018-1088). All patients provided written 
consent for their data to be used in this study. Our institution comprises 18 clinics 
with 23 surgeons certified by the Federation of European Societies for Surgery of 
the Hand (FESSH) and has over 150 hand therapists.

2.1. Patients

We included patients in paid employment, who underwent open TFCC surgery, 
and who provided RTW information at least once. Patients who failed to complete 
questionnaires at baseline were excluded. This study reports prospectively gathered 
data in a consecutive cohort of patients treated in daily hand surgery practice.

Usually, the indication for open TFCC reinsertion is a foveal tear with instability 
of the distal radioulnar joint (DRUJ)6. Management of ulnar-sided wrist problems 
followed specific steps. Briefly, conservative treatment was initiated by short 
immobilization, followed by a rigorous program of wrist exercise. If symptoms 
persisted longer than 3 months, and instability of the DRUJ was evident, and 
if clinical symptoms and/or radiographs with a flake or non-union of the ulnar 
styloid process were present, direct open repair of the TFCC was considered. In 
all other cases, arthroscopy or magnetic resonance imaging (MRI) of the wrist was 
performed to confirm a TFCC injury. Arthroscopy findings were scored using the 
Palmer classification7.

Data collection was part of routine outcome measurement using GemsTracker 
electronic data capture tools.2 Patients were invited after their first consultation 
with a surgeon.

GemsTracker (Generic Medical Survey Tracker) is a secure web-based application 
for the distribution of questionnaires and forms in clinical research and quality 
registrations. The clinical and research setting of our study group is described 
in more detail elsewhere8. Data were collected at Xpert Clinics, the Netherlands, 
between December 2013 and December 2018.
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2.2. Data collection

Baseline characteristics (age, gender, occupational status, duration of complaints, 
Patient-Rated Wrist Evaluation (PRWE) total score and hand dominance) were 
collected before initiating treatment9. Three levels of physical intensity of work 
were defined: light (e.g., office job), moderate (e.g., shop), and heavy (e.g., 
construction site). A hand therapist entered this information after the diagnosis 
was made during the consultation. Patients in paid employment were invited to 
complete a ‘return to work’-questionnaire at 6 weeks, 3 months, 6 months, and 12 
months after treatment (Table 1).

Table 1. Return-to-work questionnaire.

Patients were asked if they returned to work and were given the following answer 
options:
1. Yes.

2. No, because of the hand/wrist problem I am currently being treated for.

3. No, because of something else.

If ‘Yes’, patients were asked the following five questions (translated from Dutch):

- How many hours per week do you usually work (according to your work contract)?

- How many hours per week are you currently working?

- How many weeks after starting your treatment did you return to your work?

- Are you currently doing your usual work or are (temporary) adjustments made to your work?

- How many weeks after starting your treatment did you return to your usual work?

If patients answered the initial question with ‘No, …’ (options 2 and 3), no further questions were 
asked.

2.3. Open TFCC reinsertion procedure

Surgeons performed their preferred method of open TFCC reinsertion. Most 
surgeons use a technique derived from the method of Garcia-Elias et al.10.  
All surgeons were hand surgery fellowship trained and FESSH accredited: training 
level 3–5 according to Tang and Giddins11.

2.4. Rehabilitation

The general postoperative immobilization protocol consisted of a double-
slab plaster of Paris cast for 3–5 days, followed by a forearm volar wrist splint 
for 6 weeks. Patients were offered an extensive program of hand rehabilitation 
comprising 6 weeks’ active mobilization followed by 6 weeks’ strengthening 
exercises. Immobilization varied slightly in the first week, based on surgeon 
preference: some chose a sugar-tong or upper-arm cast instead. Patients were 
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followed up by a hand therapist in an outpatient clinic within 1 week after surgery. 
The cast was removed and a removable long-arm (below-elbow) thermoplastic 
splint with free motion of the elbow joint was applied. Immobilization was short, 
as suggested by Garcia-Elias et al.10 Hand therapists started early active extension 
and flexion of the wrist 2 weeks after surgery. Our centers for hand surgery 
and therapy are fully integrated, and postoperative hand therapy was closely 
monitored and standardized.

2.5. Return to work

RTW was defined as the first time a patient reported returning to their original job 
for a minimum of 50% of the original hours per week as stated in their contract. 
This excluded adjusted duties as a criterion of RTW. We chose 50% RTW as our 
primary outcome since Dutch labor laws require patients to be able to perform 
less than 50% of their original work to be allowed any form of compensation. 
Surgeons and hand therapists can instruct their patients on type of activity and 
workload for the upper limb, but not on RTW itself, as this decision is by law the 
sole responsibility of an independent occupational physician.

2.6. Costs of productivity loss

The costs of productivity loss can be defined as “Costs associated with production 
loss and replacement costs due to illness, disability and death of productive 
persons, both paid and unpaid”12. In other words, these are the costs for the 
employer related to the employee being less productive due to health problems. 
The human capital method was used to calculate the costs of productivity loss. In 
this method, any hour that the patient does not work is considered as an hour of 
lost productivity. The human capital method multiplies the total working hours 
lost due to health problems and treatment by the average costs of lost productivity 
per hour. Total working hours lost due to health problems and treatment was 
calculated by multiplying the median time to RTW by the patient population’s 
average working hours per week. The average hourly cost of productivity loss was 
calculated as a weighted mean of the cost of hourly productivity loss for women 
(32) and for men (38) in the Netherlands13, 14, resulting in 33.80 per hour for our 
patients. In formula form:

Total cost of productivity loss per patient = median time to RTW (weeks) * average 
working hours per week * 33.26. To estimate the costs of productivity loss for 
patients with specific characteristics, additive costs for subgroup compared to 
costs in the entire cohort were calculated. Median survival was estimated using 
Kaplan–Meier estimates. Continuous variables were split at the median to create 
categories for the Kaplan–Meier estimates. To calculate the annual costs of 
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productivity loss for the Dutch population, we used historical data on the prevalence 
of TFCC surgery. An average of 450 patients per year are surgically treated by TFCC 
reinsertion in the Netherlands (www.opendisdata.nl). We multiplied the cost of 
productivity loss by the total number of procedures to get costs at national level.

2.7. Statistical analysis

Survival analysis used a Cox proportional hazard model. The dependent variable 
was time to RTW. The hazard ratio is a comparison between the probability of an 
event (here, RTW) between two groups. As independent variables, we included 
age, gender, duration of complaints, dominant side, work intensity and whether 
surgery was performed in second line. All variables were first plotted in a Kaplan–
Meier curve to estimate proportional hazard (i.e., if the hazard lines do not cross). 
If the hazard lines crossed (i.e., the hazard was not proportional), time-dependent 
variables were used. For PRWE baseline score, HR was calculated per 10 points. 
Patients were excluded from further analysis when they reached the age for 
retirement or reported not returning to work but not completing any additional 
questionnaires; these patients were included in the analysis until the time they 
stopped providing RTW information. Computation used R v3.3.4 (R Project for 
Statistical Computing, Vienna, Austria). P < 0.05 was considered significant.

3. Results

We performed open TFCC reinsertion in 584 patients. PRWE total score at baseline 
was obtained in 486 patients, of whom 385 (79%) reported being gainfully employed. 
We included 310 (81%) patients who responded to the RTW questionnaire (Fig. 2). 
The mean age of the population was 38 years; most patients did light physical 
work (40%), followed by moderate (35%) and heavy physical work (25%) (Table 2).

Table 2. Demographic details for the 310 included patients.

Included patients 310
Age (mean (SD)) 38 (12)

Gender, male (%) 93 (30%)

Dominant side operated on (%) 194 (63%)

Duration of symptoms (months) median (IQR) 9 (4–14)

Body Mass Index (kg/m2) (mean (SD)), n = 286 25,3 (3,7)

Non-smoking (%), n = 217 172 (79%)

Occupation (%)

Light physical work (e.g., office work) 125 (40%)

Moderate physical work (e.g., working in a store) 107 (35%)

Heavy physical work (e.g., construction or road work) 78 (25%)
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Median RTW time was 12 weeks. 91% of the initial 310 patients returned to work 
within 12 months. 47 patients were excluded for failing to provide additional 
information about RTW time. The patients (9%) who did not return to their original 
job mostly appeared to work a number of hours near the 50% RTW threshold or 
had work that was adjusted to their residual post-surgery limitations.

Women returned to their jobs later than men, irrespective of work intensity. 
Median RTW time for men was 8 weeks, versus 13 weeks for females (Fig. 3) (hazard 
ratio females: 1.58 CI [1.18–2.12], P value = 0.00). Younger patients returned to 
work sooner than older patients (0.98 CI [0.97–0.99], P value = 0.00). The patients 
with heavy work (n = 78) took longer to return to their jobs, but overtook all other 
groups by 12 months, with 95% RTW (Fig. 4). At 7 weeks, 50% of the light-work 
group had returned to their jobs compared to only 11% of heavy workers. At 
the 12-week mark, 75% of light workers (n = 125), 45% of medium-type workers 
(n = 107) and only 25% of the heavy workers (n = 78) had returned to their jobs. 
Patients with a worse preoperative PRWE total score returned to work later (HR 
0.91 per 10 points) (Table 3).
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Figure 3. Kaplan–Meier survival plot for return to work after TFCC reinsertion by gender.
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Figure 4. Kaplan–Meier plot for return to work after reinsertion of the TFCC according to work type.

Table 3. COX model for return to work for >50% of the original contract hours, using patient characteristics 
and hand function scores in PRWE total score [Range: 0–100] before surgery as covariates. A hazard ratio 
(HR) of 2.0 means that this group is twice as likely to return to work as compared to the other group in 
the same time period.

HR 95% CI P-value
Male gender 1.58 [1.18–2.12] P < 0.01

Age 0.98 [0.97–0.99] P < 0.01

Duration of complaints, months 1.00 [0.99–1] 0.86

Dominant side treated, Yes 1.00 [0.77–1.31] 0.98

PRWE Total score 0.91 [0.85–0.98] 0.01

Job type 0–15 weeks

Light 3.74 [2.49–5.61] P < 0.01

Moderate 1.44 [0.93–2.24] 0.10

Heavy Ref Ref Ref

Job type 15–23 weeks

Light 1.40 [0.61–3.18] 0.43

Moderate 0.96 [0.49–1.91] 0.92

Heavy Ref Ref Ref
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HR 95% CI P-value
Job type 23–52 weeks

Light 0.59 [0.2–1.71] 0.33

Moderate 0.25 [0.09–0.7] 0.01

Heavy Ref Ref Ref

The overall annual cost of productivity loss was 13,588 (25%–75%: 6794–22,646) 
per patient and 6.1 million at Dutch population level (average productivity loss 
cost times total number of patients in the Netherlands (n = 450)). In terms of work 
intensity, productivity loss cost was 7926 for light work, 16,984 for medium work 
and 18,116 for heavy work. Average productivity loss cost for males was 9058, 
compared to 14,719 for females (Table 4).

Table 4. Additional costs in euro for patient or disease characteristics. The table displays the costs for each 
subgroup. Median survival was estimated using Kaplan–Meier estimates. Continuous variables were split 
at the mean to create categories for the Kaplan–Meier estimates.

Median RTW time (weeks) 1y-costs
Overall 12 13,588

Work intensity

Light physical labor 7 7926

Moderate physical labor 15 16,984

Heavy physical labor 16 18,116

Gender

Male 8 9058

Female 13 14,719

PRWE, categorical

Upper half (Mean = 74) 14 15,852

Lower half (Mean = 45) 11 12,455

4. Discussion

The present study fills the knowledge gap with respect to RTW and productivity loss 
cost in a large cohort undergoing open TFCC surgery. We identified age, gender, 
work intensity and baseline PRWE score as factors for RTW time after open surgery 
of the TFCC. In addition, we estimated productivity loss cost at €13,588 (25%–75%: 
6,794–22,646) per patient.
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RTW has previously been studied in specific hand-trauma populations. After 
scaphoid or distal radius fracture, RTW time was 5 weeks according to Neutel et al.15.  
To zoom in on elective hand surgery, ulnar shortening seems the most comparable 
diagnosis. According to Sunil et al.16, patients took 14 weeks to return to work after 
ulnar shortening. The present median RTW time was 12 weeks, thus comparable 
to the time after ulnar shortening. We hypothesize that with modern plating 
techniques patients should return to work sooner than with ligament reinsertion, 
as repair requires more time to heal and to resist forces associated with loading 
and rotation.

In agreement with the paper by Neutel et al.15, we found large differences 
between subgroups. The strongest predictor for RTW was type of work; light work 
showed a hazard ratio of 3.74 in the first 15 weeks. In the present study, females 
outnumbered males and took on average 60% longer to return to work. In Neutel 
et al.’s study of RTW after hand trauma15, the hazard ratio for gender was 1.61; in 
the present study, it was 1.58. As this patient group comprised a wide range of 
types of hand injury, gender could be expected to be a prognostic factor for RTW, 
irrespective of type of hand surgery. The sex ratio was in line with the general 
gender distribution in our hand surgery practice, where only Dupuytren’s disease 
is more common in males. In contrast with the findings of Neutel et al.15, we did 
not find a significant hazard ratio for hand dominance or duration of symptoms. 
Age (hazard ratio 0.98) and baseline PRWE score (hazard risk 0.91 per 10 points) 
both proved to be significant prognostic factors. Thus, more self-reported pain 
and disability before treatment resulted in longer RTW times. Prognostic factors 
for RTW after an episode of lower back pain are diverse and include clinical, 
psychosocial, socioeconomic and claim-related factors according to a large review 
study17. Prognostic factors for RTW after wrist surgery could prove to be as various 
as for lower back pain.

Cost of productivity loss was another important endpoint in the present study. 
Unfortunately, the gender income gap is still present in the Netherlands; therefore, 
we used the actual average wage corrected for gender. The overall productivity 
loss cost per patient was 13,588. Several studies reported costs related to return 
to work after elective hand surgery18,19. In earlier studies carried out by the Hand/
Wrist Study Group, we determined that productivity loss cost per patient in partial 
fasciectomy in Dupuytren’s disease was 2,63820, and in surgical treatment of thumb 
base osteoarthritis was 11,57421. In comparison, productivity loss after open TFCC 
is costly and this should weigh in the decision-making process. The substantial 
costs associated with surgery should be weighed against alternative treatments 
where possible. The debate as to whether the TFCC should be performed by open 
or arthroscopic surgery is ongoing and a comparative review study failed to show 
significant differences in outcome6. Since there are no differences in outcome, it 
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might be assumed that this rules out differences in productivity loss cost. However, 
abstention from surgery is also an option and is by default less costly, but this 
may be outweighed by continuing absenteeism due to persistent symptoms. It is 
important for both surgeon and patient to be aware of the consequences of the 
decision to operate. Apart from the consequences for an individual, society as a 
whole needs to be informed of the total costs involved. TFCC reinsertion in itself 
is an infrequent procedure, but we still estimated 6.1 million as the yearly cost for 
the Dutch population.

This study had some strengths and weaknesses. The strengths were the 
large sample size and comparison between different levels of work intensity. 
One limitation was that we were unaware of to what extent surgeons made 
recommendations on the sick leave to be given. Surgeons gave instructions to 
their patients on specific types of task and lifting and carrying, but gave no specific 
advice on return to work. The reason for this is that in our country independent 
occupational physicians are responsible for instructions allowing returning to and 
type of work. In addition, the estimated costs in this study may underestimate 
the actual economic burden because we included only absenteeism and did not 
take diminished functioning at work into account. Finally, the calculated costs are 
not easily comparable with other studies on productivity costs, since some18 used 
hourly wages as cost per hour instead of the total cost to the employer. To make 
our results more easily comparable to other studies, we reported both costs and 
weeks of sick leave. Definitions of RTW vary, making results in other papers and 
other countries less suitable for comparison.

While we found several prognostic factors for RTW, many aspects are still unknown. 
For example, future research should focus on identifying psychosocial factors 
such as pain catastrophizing that may influence RTW. Identifying psychosocial 
factors that contribute to longer RTW time could guide psychosocial interventions 
to reduce the indirect costs of surgery. Hand surgeons can use these results to 
optimize consultation. Determining optimal treatment timing might reduce the 
length of sick leave after surgery.
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Abstrat
Purpose: The primary aim of this study was to analyze the median time until 
patients performed their usual work following an ulnar shortening osteotomy. 
The secondary aim was to identify factors influencing the median time until return 
to their usual work.

Methods: We used a retrospective cohort of patients with ongoing data collection 
from our institution for hand surgery and hand therapy in the Netherlands. Patients 
with paid employment who underwent ulnar shortening osteotomy were invited to 
complete a return to work questionnaire at 6 weeks, 3 months, 6 months, and 12 
months postoperatively. The probability and median time until return to usual work 
was assessed using an inverted Kaplan-Meier. Factors influencing the return to 
usual work were evaluated using multivariable Cox proportional hazard regression.

Results: In total, 111 patients who underwent ulnar shortening osteotomy with 
a mean age of 46 years were included. The probability of returning to usual work 
in the first year was 92%. The median time to return to usual work was 12 weeks. 
Type of work was independently associated with return to work with a median time 
of 8, 12, and 14 weeks for light, moderate, and heavy physical work, respectively. 
We did not find differences in return to usual work based on age, sex, duration 
of complaints until surgery, treatment side, smoking status, the preoperative 
Patient Rated Wrist Evaluation score, and whether the osteotomy was performed 
freehand or with an external cutting device.

Conclusion: Half of the patients that undergo ulnar shortening osteotomy fully 
performed their usual work by 12 weeks following surgery. We found that 92% of 
the patients perform their usual work within one year of surgery. We found a large 
variation in time until RTW based on the type of work. Surgeons can use this data 
to inform patients on the rehabilitation phase after ulnar shortening osteotomy. 
Level of evidence: IV
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Introduction
Ulnar shortening osteotomy (USO) is a common treatment for ulna impaction 
syndrome (UIS).1,2 

Previous research on USO has predominantly focused on outcomes in terms of 
pain, function, and complications. Less information is available on if and when 
patients can return to their usual work. For shared clinical decision-making, 
however, it is important that patients are counseled not only on the expected 
result of the treatment but also about the time until return to work (RTW) following 
USO. Some studies reported on the time until patients returned to work following 
USO.4–8 However, less is known about the prognostic factors for return to work. 

For other types of hand surgery, several studies have investigated factors that 
are associated with RTW.9–12 These studies reported that patient characteristics 
such as sex, type of work, and pain before surgery influence return to work in 
patients with hand disorders and injuries, but these factors may differ for different 
treatments and may therefore not generalize to USO. 

Previous studies have shown that the time until return to work following trauma 
and upper extremity surgery is strongly influenced by whether the patients are 
receiving workers’ compensation.13,14 To compare the return to work with other 
societies, some details of the Dutch social welfare system are required. In the 
Netherlands, employees get paid leave in case of illness following law from June 
5th 1913.15 During the time this study was undertaken, the employer usually pays 
100% of the full wages in the first year, 70% in the second year, and the wage 
cannot be lower than the minimum allowed wage as decided by the government. 
In addition, the employer is required to provide replacement activities and or do 
as much as possible to allow the employee to return to work within these two 
years or risk a fine (1yr salary costs) on top of paying the two years of wages. 
The primary aim of this study was to describe the probability of performing usual 
work following USO within the first year. The secondary aim was to identify factors 
influencing the median time until return to work.

Methods
Study design and setting

This is a retrospective study on a cohort of patients that underwent USO between 
June 2011 and November 2020 using longitudinally gathered data on daily hand 
surgery practice. Within this period, our institution grew from 1 clinic with 2 hand 
surgeons to 18 clinics with 23 hand surgeons and over 150 hand therapists.
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Patients visiting our institution are invited to participate in a routine outcome 
measurement system after their first consultation with a hand surgeon. If the 
patient agrees, he/she receives secure web-based questionnaires at intake and 
6 weeks, 3 months, 6 months, and 12 months after surgery using GemsTracker 
(Generic Medical Survey Tracker) electronic data capture tools.16 GemsTracker is 
a secure web-based application for the distribution of questionnaires and forms 
during clinical research and quality registrations. For each round of questionnaires, 
patients are sent three reminders when they had not completed all questionnaires. 
The setting of our study group has been reported previously.17 

We report this study using the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) statement.18 The International Review Board 
approved by the ethics committee of the Erasmus University Medical Centre. All 
patients provided informed written consent for their data to be anonymously 
used for this study. 

Patients
We evaluated all patients in our database who had a treatment code of USO during 
the study period. Patients were excluded from this study when they: 1) were 
younger than 18 years; 2) did not have paid work before surgery; 3) underwent 
concomitant stabilizing procedures and; 4) did not provide information about 
return to work. Indications for USO were ulnar-sided wrist pain associated with 
ulnar impaction syndrome. Clinical symptoms included tenderness around the 
ulnar head with exacerbation during forceful grip, repetitive pronation, and a 
positive ulnocarpal stress test. Standard posterior-anterior (PA) wrist radiographs 
in neutral wrist position were obtained to assess ulnar positive variance. If the 
ulnar positive variance was not present or when there was uncertainty on the 
diagnosis, PA wrist radiographs with a firm grip, wrist arthroscopy, or MRI were 
performed.19 If a diagnostic wrist arthroscopy was performed, the TFCC, lunate, 
and triquetrum were evaluated according to the classification of Palmer et al.20 

MRI was assessed for focal abnormal signal intensity in the lunate, triquetrum, 
and ulnar head.21 
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Figure 1. Flowchart of the study. USO = Ulnar Shortening Osteotomy (USO); TFCC= Triangular Fibrocartilage 
Complex; RTW= Return to Work.

Surgical procedure 
The USOs were performed by 17 hand surgeons who were all fellowship-trained 
and Federation of European Societies for Surgery of the Hand (FESSH) certifi ed: 
experience levels 3-5 according to the classifi cation of Tang and Giddins.22

Surgeons performed their preferred method of USO under general anesthesia or 
a regional anesthetic block (axillary or supraclavicular). A longitudinal incision was 
made on the ulnar surface of the forearm and the ulna was exposed between the 
fl exor carpi ulnaris (FCU) and extensor carpi ulnaris (ECU). Care was taken not to 
damage the dorsal sensory branch of the ulna. An oblique osteotomy was made at 
the level of the distal diaphysis, and the ulna was shortened by several millimeters 
(median = 3; IQR: 3-4), depending on preoperative ulnar positive variance. The 
surgical technique evolved over the study period in which some surgeons chose 
to perform the USO using various systems with precise osteotomy-guided jigs 
(63 Acumed®, 1 Biomet®, 2 Medartis®, 4 KLS Martin®) instead of a freehand 
technique (42 AO). 
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Rehabilitation
The general postoperative immobilization protocol consisted of plaster cast 
immobilization (including wrist and/or elbow) for 10-12 days (since 2015 this 
was reduced to 3-5 days), followed by a thermoplastic orthosis (including the 
wrist and based on the surgeon’s preference also elbow immobilization) for 6 
weeks postoperatively, after which the orthosis was phased out within 6 weeks. 
Postoperative immobilization varied slightly based on the surgeons’ preference 
and patients’ needs. All patients were advised to follow an extensive rehabilitation 
program consisting of exercises under the direct supervision of a hand therapist: 
tendon gliding exercises for the fingers were initiated immediately following 
surgery, wrist flexion/extension exercises were initiated 2 weeks postoperatively, 
whereas pronation/supination and strengthening exercises were initiated after 6 
weeks postoperatively. 

Standard radiographs were taken at three and twelve months postoperatively 
to assess bony union, additional radiographs were made on indication (e.g., 
in case of delayed union, nonunion, or trauma). Plate removal was considered 
when patients experienced irritation from the plate and when bone healing was 
confirmed with an x-ray.

The general instructions on physical activities and load-bearing by the hand 
surgeons and hand therapists were to avoid pronation and supination in the 
first 5-6 weeks following surgery and to avoid forceful lifting in the first 7-13 
weeks following surgery (Supplementary Table 1). During daily practice, the 
hand surgeons’ and hand therapists’ instructions were patient-tailored based on 
radiographic signs and patients’ symptoms. In the Netherlands, instructions on 
RTW and the type of work that can be performed are the sole responsibility of 
independent occupational physicians.

Variables, data sources/measurements

Baseline characteristics of all patients, including age, sex, occupational status, 
smoking status at the time of surgery, duration of complaints, and hand dominance 
were collected before initiating treatment. To assess patient-reported pain and 
hand function at intake, the validated Dutch version of the Patient Rated Wrist 
Hand Evaluation (PRWHE) was used.23 Pain during physical load was measured at 
baseline, 6 weeks, 3 months, 6 months, and 12 months after surgery using a Visual 
Analogue Scale (VAS, 0-100, higher scores indicate more pain).24 Three levels of 
the physical intensity of work were defined: light physical work (e.g., an office job), 
moderate physical work (e.g. working in a shop), and heavy physical work (e.g., 
working at a construction site). This information was recorded by a hand therapist 
after the diagnosis was made during the consultation.
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Patients with paid employment were invited to complete an online questionnaire 
on RTW at 6 weeks and 3, 6, and 12 months after treatment. Patients were asked if 
they returned to work and were given the following answer options: 1. Yes; 2. No, 
because of the hand/wrist problem I am currently being treated for; 3. No, because 
of something else. If answered with ‘Yes’, patients were asked the following five 
questions (translated from Dutch): How many hours per week do you usually 
work?; How many hours per week are you currently working?; How many weeks 
after your initial surgery did you return to your work?; Are you currently doing 
your regular work or are (temporary) adjustments made to your work?; How many 
weeks after starting your initial surgery did you return to your original work? If 
patients answered the initial question with ‘No, …’ (option 2 and 3), no further 
questions were asked.

Return to work was defined as the first time that the patient reported to have 
returned work and performing the usual work for a minimum of 50% of the usual 
hours a week as stated in the patient’s contract. Patients performing adjusted 
work were classified as not returned to work. We chose 50% RTW as our primary 
outcome since Dutch labor laws require patients to be able to perform less than 
50% of their usual work to be allowed any form of compensation. 

Statistical methods

We used the inverted Kaplan-Meier method to estimate the cumulative RTW 
during the first year following surgery and to calculate the median time until RTW. 
We conducted a complete-case multivariable Cox proportional hazards model to 
identify characteristics that were independently associated with RTW. A hazard 
(HR) > 1 was interpreted as an increased probability to return to work, whereas HR 
< 1 is a decreased probability to return to work. We made sure not to exceed the 
advised minimum of 10 events per included predictor variable.25,26 We tested the 
proportional hazards assumption using the Schoenfeld residuals. In all time-to-
event analyses, we addressed loss to follow-up by censoring patients who reached 
retirement during follow-up or stopped providing information regarding RTW. This 
means that patients were included in the analysis for the time that they provided 
data, thus dealing with loss to follow-up and minimizing bias.27 The weeks in which 
participants were censored are marked with a “+” in the Kaplan-Meier curve. The 
VAS was analyzed using a linear mixed model with random intercepts. 

For all tests, we considered a p-value equal to or smaller than 0.05 as statistically 
significant.



122

CHAPTER 7

Because data were collected during daily clinical practice, we had a substantial 
proportion of nonresponse at follow-up (FIGURE 1). A non-responder was defined 
as a patient who did not fill in the RTW questionnaire, whereas a responder 
was defined as a participant who filled in the RTW questionnaire at least once. 
Demographic characteristics of responders and non-responders are added as 
supplementary materials. 

Table 1. Characteristics of the study population at baseline (N=111).

Characteristic Level Value
Age, mean (SD) 46 (12)

Sex, n (%) Female 79 (71)

Contractual hours, median [IQR] 32 [24, 40]

Duration of complaints in months, median [IQR] 13 [8, 29]

Treatment side, n (%) Dominant 57 (51)

Preoperative PRWHE* total score, median [IQR] 67 [56, 77]

Physical occupational intensity**, n (%) Light
Moderate

Heavy

38 (34)
44 (40)
29 (26)

Second opinion, n (%) Yes 20 (18)

Osteotomy technique, n (%) Freehand
External cutting device

41 (37)
70 (63)

Combined surgery*** Yes 19 (17)

Cigarette smoker, n (%) No
Yes

Unknown

84 (76)
19 (17)

8 (7)

*PRWHE: Patient Rated Wrist/Hand Evaluation, 11% missing 
**Physical occupational intensity: Light: e.g. office; Moderate: e.g. working in a store; Heavy: e.g. 
construction work 
***Hardware removal of the distal radius (6), pisiformectomy (4), posterior interosseus nerve 
neurectomy (3), trigger finger release (2), carpal tunnel release (1), wafer (1), excision styloid process 
radius (1), excision mucoid cyst in the second distal phalanx (1).

Results
Patient selection and demographics
The database contained USO codes of 334 patients. Of these patients, 159 were 
confirmed eligible of which 111 responded to the RTW questionnaire (response 
rate: 70%). The flowchart of the study is displayed in Figure 1. 

The study sample consisted of 111 patients (71% was female) with a mean (SD) age of 
46 (12) years and the median (Q1-Q3) hours of employment per week was 32 (24-40). 
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Most patients performed moderate physical work (40%), followed by light physical 
work (34%) and heavy physical work (26%). Other patient characteristics are shown in 
Table 1. The patients improved in pain during physical loading after surgery, with the 
most improvement in the fi rst six weeks (Supplementary FIGURE 1&2; p<0.05).

Figure 2. Kaplan-Meier curve for returning to work (RTW) after ulnar shortening osteotomy (USO) in weeks 
with 95% confi dence intervals. The black dotted lines show the median time until return to work.

Figure 3. Results from the multivariable COX regression analysis for return to usual work for >50% of the 
usual contract hours using patient characteristics, surgical technique, and preoperative Patient Rated 
Wrist/Hand Evaluation (PRWHE) scores as covariates. A hazard ratio (HR) > 1 indicates a higher likelihood 
to return to work, whereas an HR <1 indicated a smaller likelihood to return to work in comparison to the 
reference group. Patients without preoperative PRWHE scores were excluded from this analysis (N=13).
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Table 2.Sociodemographic characteristics of patients who provided data on the return to work 
questionnaire (responders) and patients who did not (non-responders).

Characteristic Level Responders Non-
Responders

n 111 48

Age, mean (SD) 46 (12) 44 (14)

Sex, n (%) Female
Male

79 (71)
32 (29)

28 (58)
20 (42)

Duration of complaints in months, median [IQR] 13 [8, 29] 12 [8, 24]

Treatment side Dominant
Non-dominant

57 (51)
54 (49)

28 (58)
20 (42)

Preoperative PRWHE total score, median [IQR] 67 [56, 77] 73 [59, 82]

Type of work, n (%) Light
Moderate

Heavy

38 (34)
44 (40)
29 (26)

15 (32)
20 (42)
13 (27)

Second opinion, n (%) Ja
Nee

20 (18)
91 (82)

8 (17)
40 (84)

*PRWHE: Patient Rated Wrist Hand Evaluation 
**Physical occupational intensity: Light: e.g. office; Moderate: e.g. working in a store; Heavy: e.g. 
construction work

Return to Work
The cumulative RTW during the first year following surgery was 92%. The median 
time [95%CI] until RTW was 12 [10-12] weeks (Figure 2). The sensitivity analysis 
showed that the median time until RTW for 100% of the original contractual 
working hours was also 12 weeks (p=0.7). During the 12th week following surgery 
a peak in which 16% of the patients returned to work. Eighteen patients were 
censored before the 1-year follow-up. Four patients (1 female with moderate 
work, 1 female with heavy work, and 2 males with moderate work) reported not to 
have returned to usual work after 1 year but performed adjusted work between 
80-100% of the usual contract hours. 

During the first year, 31 (28%) patients underwent subsequent surgery to remove 
the plate. Return to usual work preceded hardware removal in all but 3 patients: 1 
patient returned to work the week after the hardware was removed and 2 patients 
did not return to usual after 1 year.

In the multivariable regression, the type of work was independently associated with 
RTW (Figure 3). Patients with moderate or heavy work returned later than patients 
with light work (HR = 0.50-0.51). The cumulative RTW after 1 year following surgery 
was 100% for light work, 86% for moderate work, and 91% for heavy work. The 
median time until RTW was 8, 12, and 14 weeks, respectively (Figure 4). Descriptive 
data on RTW for other subgroups are shown in Table 3.
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Figure 4. Kaplan-Meier curve for returning to work (RTW) after ulnar shortening osteotomy (USO) in weeks, 
with 95% confi dence intervals stratifi ed by type of work (red = Light; green = Moderate; blue = Heavy).

Table 3. Median time until return to usual work for > 50% of the usual contract hours for subgroups. 

Continuous variables were categorized based on the median value.

Variable Median Time to RTW (95%CI) 1-year cumulative RTW
Age
<49 years (n = 51)
=> 49 years (n = 60)

12 (10-20)
12(10-12)

96%
81%

Sex
Females (n = 79)
Males (n = 32)

12 (10-12)
13 (12-NA)

95%
81%

Type of work
Light (n = 38)
Moderate (n = 44)
Heavy (n = 29)

8 (3-12)
12 (11-20)
14 (11-NA)

100%
86%
92%

Treatment side
Dominant (n = 57)
Non-dominant (n = 54)

12 (10-16)
12 (10-13)

89%
96%

Smoking status
No (n = 84)
Yes (n = 16)
Unknown (n = 8)

12 (7-13)
12 (10-16)
7.5 (4-NA)

96%
92%

100%

Technique
Freehand (n = 41)
Assisted (n = 70)

12 (10-21)
12 (10-14)

92%
91%

*PRWHE score
< 67 (n = 46)
=> 67 (n= 53)

12 (10-16)
12 (9-14)

92%
92%

*PRWHE: Patient Rated Wrist/Hand Evaluation.
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Discussion
In this study, we described the return to usual work in our cohort of patients who 
underwent ulnar shortening osteotomy (USO). We found that 92% of the patients 
returned to usual work during the first year following USO. Half of the patients 
return to work within 12 weeks. We observed large variations in the timing of 
returning to usual work between different levels of work. 

Previous studies reported descriptive data on RTW following USO. Sunil et al. found 
that 65% of the patients treated with a freehand USO returned to usual work in 14 
weeks (range: 0-28) and 63% of the patients treated with an assisted osteotomy jig 
in 13 weeks (range: 0-50).6 Luria et al. did not report the time until return to usual 
work but reported 92% and 94% RTW rates in the respective groups.7 Minami and 
Kato reported that 92% of the patients returned to their usual work.8 Auzias et al. 
reported a return to work time of 32 weeks.28 Lastly, Papatheodorou et. Al reported 
an average return to work of 16 weeks in all patients.5 From these findings, we 
conclude that most patients are capable of returning to their usual work, however 
the timing until RTW varies a lot between patients.

Type of work is a recurring predictor for the time until return to work following 
multiple hand injuries and surgeries.11 A study from Moermans et al. investigated 
the RTW following USO in a small sample of 10 and 18 patients with light and heavy 
physical work, respectively.4 They found that 90% of the patient with light physical 
work returned after 3 months (range: 1 to 11), whereas 83% of the patients with 
heavy work returned after a mean of 8.3 months (range: 0.5 to 30). In our study, 
we found a shorter duration until return to work of 8 and 14 weeks for light and 
heavy physical work, respectively. Moermans et al. acknowledge that the duration 
until osteotomy union took longer compared with other studies, which could have 
prolonged the return to work. In our study, the median time until RTW for light and 
heavy work is in line with the general instructions of the postoperative regimen to 
avoid pronation and supination in the first 5-6 weeks and forceful load-bearing in the 
first 7-13 weeks. However, it should be noticed that some patients, also in the heavy 
work category, were able to return to work sooner than the general instructions.

We did not find large differences between subgroups other than the type of work. 
Neutel et al. reported that females had a longer time until RTW compared to 
males, which we were not able to confirm. Opsteegh et al. reported that pain at 
baseline was a determinant of return to work in patients with hand injuries29; our 
study did not find this effect. We did not find a difference in the RTW between 
freehand USOs and USO guided by an external cutting device, which is in line with 
previous research.6,7
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Our study has some strengths and limitations. The strengths include the 
comparison between different levels of physical workload and the survival analysis 
allowing time-dependent estimates of RTW while dealing with loss to follow-up 
and minimizing bias. The first limitation was that we could not determine from the 
data to what extent the decision to return to work was externally guided. In the 
Netherlands, independent occupational physicians are responsible for instructions 
concerning return to work and the type of work that can be done. While surgeons 
should not interfere with these instructions, their advice on the type of tasks 
and load-bearing allowed could have influenced the decision to return to work. 
In future studies on RTW, we are incorporating a question on whether or when 
patients felt confident to return to their usual work following surgery to compare 
these estimates with the actual RTW times. Second, we estimated the RTW with 
subjective questionnaires. Databases with information from public services 
could have provided a clearer picture, but these were not accessible. Third, the 
sample size was relatively low because of excluding all patients that did not have 
paid work before surgery as well as non-response on the RTW questionnaires. 
The amount of missing data could potentially have led to selection bias. We 
adhered to the proposed rule of 10 events per independent predictor in the COX 
regression analysis.24 A larger sample size would have allowed more variables into 
the model as well as hazard ratios with smaller confidence intervals.  Lastly, the 
standardization of rehabilitation protocols, the actual post-surgical rehabilitation 
may have deviated from treatment protocols, thereby introducing possible bias. 
Therefore, the outcomes of this study are not specific to a certain postoperative 
treatment regime. However, our observational study design is representative 
of actual daily practice and reflects the results of multiple surgeons and hand 
therapists, and thereby have practical validity.

While we found that there was a large variation in time until RTW between different 
levels of the type of work, we also found large variations within these subgroups. 
Work-related factors such as working relationships, accommodations, practical 
and physical limitations are known to influence RTW outcomes in patients with 
musculoskeletal conditions and could have explained the variation within different 
levels of work.30 Future research should incorporate when patients feel confident 
to return to work and how this is influenced by the type of work and psychosocial 
factors such as pain catastrophizing. Finding psychosocial factors that contribute to 
a longer time to return to work can provide a focus for psychosocial interventions 
to reduce the time until return to work. 
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Appendix A
Supplementary Table 1. Postoperative therapeutic regime after ulnar shortening osteotomy since 2015.

Time Postoperative regime
Day 0 Plaster cast is applied after surgery (including wrist and/or elbow); 

Tendon gliding exercises; 
Sling

Day 10-12 (2012-2015)/
Day 3-5 (2015 -present day)

Removal of bandage and plaster cast;  
Thermoplastic wrist orthosis (day and night) or sugar-tong (surgical 
preference); 
Tendon-gliding exercises; 
Start hand therapy 2-3 times weekly 

Week 2-4 Suture removal;  
Start scar management; 
On indication edema control (Coban); 
Optimization range of motion fingers and thumb (tendon gliding 
exercises); 
Start active range of motion palmar flexion and dorsal flexion; 
Warning: no exercises for pronation and supination; 
Warning: no heavy load-bearing.

Week 5-6 Intensifying active range of motion palmar flexion and dorsal flexion; 
If applicable, replace sugar-tong with thermoplastic wrist orthosis;  
Warning: no exercises for pronation and supination; 
Warning: no heavy load-bearing.

Week 7-13 Start pronation and supination exercises;  
Warning: no intensive mobilization in maximal wrist positions;  
Start wrist exercises for coordination, strength, and stability; 
Increase load-bearing and functionality; 
Phase-out orthosis; 
Warning: no heavy load-bearing.

Month 3-6 Intensify range of motion wrist/forearm.  
Phase-out orthosis during load-bearing activities. 
Power training, stability training;

Months 7-12 On indication optimization of function



132

CHAPTER 7

Supplementary Figure 1. Pain during physical load as measured with a Visual Analogue Scale (VAS) for 
patients that underwent ulnar shortening osteotomy. Mean and 95% confi dence intervals are plotted. The 
linear mixed model analysis demonstrated a signifi cant improvement over time (p<0.001).

Supplementary Figure 2. Pain during physical load as measured with a Visual Analogue Scale (VAS) for 
patients that underwent ulnar shortening osteotomy stratifi ed for the type of work (red = Light; green = 
Moderate; blue = Heavy). Mean and 95% confi dence intervals are plotted. The linear mixed model analysis 
demonstrated a signifi cant improvement over time for all types of work (each p <0.001).

Supplementary FIGURE 2: Pain during physical load as measured with a Visual Analogue Scale

(VAS) for patients that underwent ulnar shortening osteotomy stratified for the type of work (red

= Light; green = Moderate; blue = Heavy). Mean and 95% confidence intervals are plotted. The

linear mixed model analysis demonstrated a significant improvement over time for all types of

work (each p <0.001).
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Abstract
INTRODUCTION: Studies on long-term patient-reported outcomes after open 
surgery for triangular fibrocartilage complex (TFCC) are scarce. Surgeons and 
patients would benefit from self-reported outcome data on pain, function, 
complications, and satisfaction after this surgery to enhance shared decision-
making.

Aims: The aim of this study is to determine the long-term outcome of adults who 
had open surgery for the TFCC. 

METHODS: A prospective cohort study that included patients with open surgery 
for the TFCC between December 2011 and September 2015. In September 2020, 
we sent these patients an additional follow-up questionnaire, including the 
Patient-Rated Wrist Evaluation (PRWE), to score satisfaction, complications, pain, 
and function.

RESULTS: A total of 113 patients were included in the analysis. At ≥ 60 months 
after an open TFCC reinsertion, we found a mean (SD) PRWE Total score of 19 
(21), a mean PRWE Pain score of 11 (11), and a PRWE Function score of 9 (10). The 
percentage of patients obtaining minimum clinically important difference (MCID) 
rose from 77% at 12-months to 83% at more than 60 months (P<0.001). Patients 
reported fewer complications than surgeons, and overall complication rate was 
low.

CONCLUSION: Outcomes of patient-reported pain, function scores and 
satisfaction are improved five years after open surgery for the TFCC.

Keywords: triangular fibrocartilage complex, TFCC, open reinsertion, wrist, long-
term outcomes, Patient-Rated Wrist Evaluation, PRWE
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Introduction
Patients can expect improvement in reported pain and functional outcome during 
the first year after open reinsertion of the triangular fibrocartilage complex 
(TFCC)1. However, long term outcome of this procedure is still unclear. 

While the debate on open versus arthroscopy-assisted repair of the TFCC is 
ongoing2-4, long-term follow-up results for either method remain scarce. Robba et 
al. 5 identified in their review study just one study on open repair that reports both 
baseline as well as late follow-up for patient-reported outcome measurements 
in 24 patients with a mean follow-up of 31 months5. Thus, not much evidence is 
available for patients and physicians on the expected results in the long-term after 
open surgery of the TFCC. To facilitate pre-operative decision-making, we need to 
be informed of the long-term outcome. 

The aim of this study is to determine the patient-reported pain and function, measured 
by the Patient-Rated Wrist Evaluation (PRWE), as well as patient reported satisfaction 
at least 60 months after an open TFCC reinsertion. Our secondary aim is to identify 
the patient-reported complications and the number of patients who required a 
revision or another treatment for their residual complaints. Our hypothesis was that 
pain and function continue to improve after 12 months post-surgery. 

 

Methods
Setting
For this prospective cohort study, we used data from Xpert Clinics. Xpert Clinics 
consists of 23 clinics throughout the Netherlands, specialized in hand and wrist 
care. All the surgeons from the clinics are certified or trained by the Federation of 
European Societies for Surgery of the Hand.

Patient selection
We included patients who had open surgery of the TFCC between December 2011 
and September 2015. These patients had already been invited to participate in a 
routine system for outcome measurements, after their first consultation with the 
surgeon. If they agreed, they received online questionnaires at baseline as well as 
3- and twelve months after surgery. For each round of the online questionnaires, 
3 reminders were sent. This routine system also included measurements of the 
range of movement at 3-month and 12-month follow-up. More detail about these 
routine outcome measurements has been described by Selles et al. 6.
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In September 2020, we contacted patients who had an open TFCC reinsertion 
before September 2015 with a minimum of 60 months follow up. 

The following patients were excluded:

1. patients who did not answer the PRWE questionnaire at baseline
2. patients under the age of eighteen at time of surgery 
3. patients who failed to answer follow-up questionnaires

 
Ethical Approval 

Institutional Board Review was obtained from the ethics committee of Erasmus 
University Medical Center that approved our study protocol (NL/sl/MEC-2018-
1088). All patients provided written consent for their data to be used in scientific 
research.

Procedure for open TFCC reinsertion
All operations were undertaken under regional block, axillary or supraclavicular, 
by anesthetists who each provide > 800 upper-extremity blocks per year. Surgeons 
undertook their preferred method of open TFCC reinsertion. Most used the method 
initially described by Marc Garcia Elias7, which consists of a Bruner incision of the 
dorsal and volar sheath of the fifth compartment. The 4,5th intercompartmental

supraretinacular artery, which can usually be found in the ulnar and volar aspects 
of the fifth compartment, was protected as much as possible. Foveal reattachment 
was obtained by reinsertion of the cartilage disc to the distal ulna8 with a bone 
anchor (MITEK; Raynham, Massachusetts,USA; JuggerKnot Soft Anchor; Zimmer 
Biomet, Warsaw, Indiana, USA) first roughened. This facilitated the adhesion and 
reinsertion process. The threads of the anchor suture were used to tighten the 
dorsal capsule and then close the floor and roof of the fifth compartment firmly 
after relocation of the extensor digiti minimi. Soft tissues were layered with Vicryl® 
(Ethicon, Hamburg, Germany). The skin was closed with Monocryl® or Prolene® 
(Ethicon) based on surgeon preference.

Rehabilitation
The routine postoperative immobilization protocol consisted of a double-slab Plaster-
of-Paris cast for three to five days, followed by a below elbow volar wrist splint, for six 
weeks. Patients were offered an extensive program of hand rehabilitation comprising 
six weeks of active mobilization followed by six weeks of strengthening exercises. 
Immobilization postoperatively varied slightly in the first week depending based on 
the surgeon’s preference; some chose a sugar-tong or upper-arm cast instead.
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Outcome measurement
Patients had already received the online Dutch version of the PRWE questionnaire 9  
and a satisfaction questionnaire prior to surgery and 12 months after surgery. 
For this study, we sent a PRWE questionnaire and a long-term TFCC follow-up 
questionnaire ≥ 60 months after the surgery. The patients were automatically 
reminded to respond three times in total; thereafter, we called them personally to 
request participation. These procedures were designed to maximize the response.

The PRWE is a validated questionnaire that measures the patient's reported pain 
and hand function. This questionnaire consists of 15 questions: five for pain 
and ten for hand function10. Questions can be answered on a scale from 0 ("no 
pain and no dysfunction") to 10 ("severe pain and severe dysfunction"). A score 
between 0 and 50 is calculated for both subscales. Patients also used a visual 
analogue scale (VAS) to score pain and function concurrently. Our additional 
TFCC follow-up questionnaire consisted of seven questions, focused on patient-
reported complications and patient satisfaction.

Primary outcome was patient-reported pain and function after at least 60 months. 
The secondary outcomes were patient-reported complications and the number of 
reoperations.

Responder and non-responder demographics were compared to ascertain if data 
were missing at random. “Non-responders” were defined as patients who failed 
one or more questionnaires and were not lost to follow-up in general. We used a 
t-test to determine any differences between de responders and non-responders.

A paired t-test was used to compare differences in continuous data between time 
points, for the same patients. Categorical data (e.g., satisfaction) was analyzed 
using a chi squared test.
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Figure 1. Flowchart of the included patients with open surgery of the triangular fibrocartilage complex.

 

We determined the percentage of patients who achieved the minimum clinically 
important difference  (MCID) after at least 60 months, assuming a MCID of ≥ 14 as 
defined by Sorensen et al.11. We stratified satisfaction into satisfied and unsatisfied 
to compare the percentage of satisfied patients over time. When patients reported 
“good” or “excellent” satisfaction, they were classified as satisfied.
A p value of < 0.05 was considered significant. 

Results
A total of 215 patients had open surgery for the TFCC between 2011 and 2015. One 
hundred sixty patients were approached to complete follow-up questionnaires 
and 102 patients were excluded from the final analyses based on the exclusion 
criteria. The selection procedure of patients is shown in Figure 1. 

Table 1. Demographic details for the 113 included patients.

Variable Total
Sex, Female (%)    83 (74)

Age (Mean (SD)  40 (12)

Mean duration of symptoms (months (SD))  22 (36)

Dominant Side operated on, n (%)    72 (64)

Profession n (%)  
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Variable Total
Not working (including retirement / unable to work) 16 (14)

Light physical work (e.g., office work) 31 (27)

Moderate physical work (e.g., working in a store) 32 (28)

Heavy physical work (e.g., construction, road worker) 34 (30)

Of the included patients, 83 (73%) were female. The mean age of the included 
patients was 40 years of age. The dominant hand was affected in 72 (64%) patients. 
We found an average of 22 months of complaints prior to surgery. Baseline 
characteristics of the included patients are shown in Table I. Table II shows that the 
demographics of responders and non-responders were not significantly different. 

Table 2. Demographics for included (Responder) and excluded (Non-Responder) patients. No differences 
were signalled between these groups at baseline.

Demographic Responder Non-Responder T-test, p-value
Total, n 113 47  

Mean Age, yrs (SD)  40 (12) 39 (14) 0.64

Sex, male (%)  30 (27) 10 (21) 0.62

Mean duration of symptoms, months (SD)  22 (36) 17 (21) 0.82

Mean PRWE scores (SD)    

Total score intake 62 (20) 63 (16)  0.75

Pain score intake 32 (11) 33 (7)  0.49

Function score intake 29 (11) 29 (9) 0.98

Total score 12 months 26 (25) 24 (24) 0.70 

Pain score 12 months 15 (13) 14 (13) 0.84

Function score 12 months 11 (13) 10 (11) 0.56

The mean PRWE Total score improved significantly from 62 at baseline to 19 after 
5 years (P<0.001), see Figure 2 and Table III. Pain and function subscales showed 
similar improvement. We also found significant improvement for the five years 
outcome as compared to the one-year outcome; with a mean (SD) PRWE Total 
score of 26(25) to 19 (21) (P=0.002) (Table III). Figure 2 shows the PRWE scores 
during the follow-up period. The percentage of patients who reached the MCID 
increased from 77.2% after one year follow-up to 83.2% after more than 60 
months (P < 0.001). 
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Figure 2: PRWE Total Score and sub-scores for pain and hand function. Shown are mean and SD at 
baseline, 12 months, and ≥ 60 months postoperatively. PRWE scores improve in the first year and they 
continue to improve ≥60 months post-surgery.

 

Table 3: Patient-Rated Wrist Evaluation (PRWE) scores at baseline, 1 yr and ≥5 yrs postoperatively. PRWE 
scores improve significantly in the first year and again significantly between 1- and ≥5 -years post-
operatively.

Category Baseline 1 yr
 

>5 yrs P-value
0-5 yrs

P-value
1-5 yrs

Patients, n 113 92 113

Mean PRWE Total Score (SD) 62 (20) 26 (25) 19 (21) P< 0.001 P= 0.002

Mean PRWE Pain Score (SD) 32 (11) 15 (13) 11 (11) P< 0.001 P= 0.002

Mean PRWE Function Score (SD) 29 (11) 11 (13) 9 (10) P< 0.001 P= 0.01
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Figure 3: Individual PWRE Total scores at baseline, 1 and >5 years postoperatively. Reported individual 
treatment results may vary over time, yet overall improvement is noticed.

Figure 3 shows individual improvement of mean PRWE Total scores. Fifty-four 
patients (48%) continued to improve at 1- and 5-years follow-up. Nine patients 
(8%) showed an improvement after initial deterioration at 12 months. Twenty-
seven patients (24%) fi rst improved but then deteriorated at 5 years. In 2 (2%) 
patients, there is no change at any time-point. 

Ten patients self-reported complications after 5 years. Two of them reported an 
unsuccessful TFCC reinsertion. One patient reported symptoms consistent with 
complex regional pain syndrome. The remaining patients reported diff erent 
complications such as: hand allergy, recurrent pain, tendinitis, loss of strength, loss 
of sensation and vomiting. Six of the 10 patients were treated for their complaints. 
Two patients had a reoperation, and 4 patients had other treatments. The surgeons 
reported complications in 16 patients of which some had multiple complications. 
Patient-reported complications and their treatments are shown in Table IV and 
surgeon-reported complications and treatments are shown in Table V. 
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Table 4: Patient self-reported complications and treatment

Complication (n) Treatment (n)
Total (10) Interventions (6)

TFCC reinsertion failed (2) Revision (2)

Light vegetative disturbance (1) Rehabilitation program with physiotherapy and 
occupational therapy (1)

Hand allergy (2) Shampoo and hormone ointment (1)
Custom splint (1)

Severe pain (1) Analgesics (1)

Tendinitis (1) Untreated (1)

Loss of strength (1) Untreated (1)

Loss of sensation (1) Untreated (1)

Vomiting (1) Untreated (1)

Table 5: Surgeon-reported complications and treatments

Complication (n) Treatment (n)
Total (23)

DRUJ Instability (4) Revision surgery (6)

CRPS (1) Hand therapy (1)

Pisiform related complaints (3) Splinting and hand therapy (3)

Recurrent pain (4) Hand therapy (4)

Tendinitis (6) Hand therapy (6)

Inflammation (2) Antibiotic therapy (2)

Altered sensation DBUN (1) Desensitisation (1)

We observed an increase in satisfaction in the period from one to 5 years post-
surgery. After 5 years, 39.8% of the patients stated excellent on the question 
whether they were satisfied with the achieved result after ≥ 60 months, while this 
was 26.1% after 12 months. Moreover, 5.7% patients stated poor and 10.2% stated 
mediocre on satisfaction after 12 months, while at ≥ 60 months we noticed 4.4% 
patients stated poor, and 5.3% patients stated mediocre. Overall patients were 
more satisfied after 5 years when compared to 12 months (p < 0.001). Figure 4 
provides an overview of the patient satisfaction after open TFCC reinsertion at 12 
and ≥ 60 months.



145

Long-term patient-reported outcome (≥5 years) for open surgery of the triangular 
fi brocartilage complex

8

Figure 4. Satisfaction with the treatment result at 1 year and ≥5 years after surgery. More patients rate 
their result good or excellent after ≥5 years.

Discussion 

The aim of this study was to determine the long-term outcomes of open surgery 
for the TFCC. We found ongoing improvement in the patient-reported pain and 
function after the fi rst 12 months post-surgery. In addition, 83.2% achieved the 
MCID after more than 60 months, which is a signifi cant improvement as compared 
to 12 months.

Remarkable is the discrepancy between patient-reported complications and 
complications reported by the physicians. Where 10 patients still remember a 
complication after ≥ 60 months, the doctors reported a complication in a total 
of 16 patients. The most frequent complication was revision surgery for DRUJ 
instability that was performed in 4 patients (3.5%), while Andersson et al. in 2008 
reported a 17% revision rate in their population12

Luchetti et al. 15 reported follow-up for open surgery of the TFCC in 24 patients; 
the mean (SD) PRWE improved from 69 (29) to 42 (29) in his study. Follow-up in 
his study ranged from 6 months till 6 years (mean 31 months). We report more 
improvement for pain and function as demonstrated by the PRWE total scores: 
62 (20) to 19 (21). Andersson et al. only reported postoperative PRWE as 28.9 (6.6) 
with a mean follow-up of 53 months in 39 patients. 
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Patients were more satisfied with the surgery after 5 years than at 1 year. We 
found the gain in satisfaction of interest; in knee and hip surgery, there are reports 
of similar satisfaction or small gains from year 1 to 5 postoperative 13,14. We cannot 
compare our findings to other patient reported outcome for TFCC surgery as 
follow-up data is scarce, follow-up times vary, or baseline values are not reported. 
So, we tried to find other studies in hand surgery on patient satisfaction at 1 and 
5 years; however, we could not find similar reports. Patient-reported outcome on 
satisfaction is becoming increasingly important. We had not expected a further 
gain in satisfaction with the treatment result after one year. Possibly, this gain 
suggests that patients tend to reflect on the satisfaction question more to their 
present overall wellbeing as opposed to the satisfaction with the surgery. A large 
study on 5,869 total knee replacements reported that knee functional outcome 
scores were imperfect predictors of satisfaction15. However, we did find a 
significant improvement in functional scores (PRWE) as well, suggesting an overall 
gain in function, less pain and more satisfaction at 5 years follow-up. 

A limitation of this study is that we have complete data on 53% of the population, 
which could indicate a selection bias. Patients were not lost to follow-up but failed 
to answer their questionnaires. Yet, with complete data from >100 patients and 
since there were no differences between responders and non- responders, we 
may conclude that open surgery for the TFCC results in early and late improvement 
of pain and function. As grip strength and range of motion had improved in the 
first 12 months as compared to baseline, we did not ask patients to return to our 
center for repeated measurements after 5 years. This could also be perceived as a 
possible limitation of this study. 

Conclusion

Open surgery for TFCC repair results in significant early and late improvements in 
pain and function. Satisfaction with the treatment result increases from 1 to ≥5 
years. Both patients and surgeons report few complications.

Take home message

Open surgery for TFCC repair results in early and late improvements in pain and 
function.

Both patients and surgeons report few complications.
Satisfaction with the end result increases >5 years post surgery
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General Discussion
This general discussion is split according to the structure of this thesis into part I 
on the routine outcome data collection in general and part II on outcome of ulnar 
sided wrist problems in more detail. 

In the part I of this thesis, several questions were raised:

• Which outcomes should be collected at designated time points?
• What infrastructure and IT-management and data security are needed?
• How to get reasonable compliance?
• How to routinely analyse and visualise results?
• How to deal with financial and time restraints?

These questions were addressed in the addendum and chapter 2. These chapters 
inform on the development of a system for routine outcome measurements in 
hand and wrist care. This automated and web-based system (Pulse©) was designed 
to collect data from patients and professionals. Eventually, Pulse functioned as a 
fieldlab for the design of the ICHOM hand and wrist standard set. The primary 
concept that has been followed is both simple and logical. We routinely collect 
both Patient- and Clinician-Reported Outcome Measurements of each patient. The 
collected data are analysed and provide automated feedback on the aggregated 
outcome results. These feedback data should steer professionals and patients 
towards better choices regarding treatment options. 

The task of routine outcome measuring can seem overwhelming at times. Even in 
the setting of a focused treatment centre , over 100 different treatments may exist. 
Pulse, the software system we developed for routine outcome data collection, has 
been adapted over time to keep pace with the ever-increasing patient volume. 
Our clinics, with 23 sites in the Netherlands, continue to collect data from each 
individual patient we treat. Maintenance of the system and investment in further 
development is ongoing. Our database kept growing year after year. A limitation 
however is that the system is connected with our daily practice: how we treat 
patients, how we evaluate results, the way we inform them of surgery outcomes 
etc. The overall integration makes our setting unique. Thereby, we cannot easily 
compare outcomes to other hand surgery departments. Inviting other surgical 
centers to participate has started recently but requires tremendous effort of 
all parties involved and requires adaption of electronic patient record software 
including follow up schedules. ICHOM1 can serve as an international guide 
on the “what should we measure when” question. We still need to answer the 
“how” question on a global scale. Pulse may provide a solution to the “how” in my 
opinion. The studies of this thesis, in particular chapter 2 and the cohort paper as 
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published in the PRS (see addendum), have sparked interests across Europe into 
participation with routine collection of outcome data in hand and wrist care.

In chapter 2, adaptation and implementation of the routine outcome as a 
guiding instrument for decision-making in the daily practice of hand surgeons 
is discussed. After all, recording outcome measurements is just the start of a 
more delicate task of interpretation of the data. The results of the analysis 
should in the end lead to change of behaviour, or change in treatment protocols. 
The learning cycle thus requires feedback loops for all stakeholders. We gave 
examples of various feedback loops we use in daily practice; threshold baseline 
values, monitor progression of treatment over time, predict end results, shared 
decision information etc. One of the key principles of value based medicine is 
the assumption that the process of monitoring outcome in itself drives results2,3. 
The possible positive effect of being observed was already recognised in 1966, by 
Donabedian4. In our paper we describe the way we deliver feedback on treatment 
outcomes to our surgeons and hand therapists. Could this feedback in itself drive 
our performance and improve outcomes?

One of the key principals in any social interaction is that it really matters who is 
watching. So, what if all your surgical colleagues would be able to see your results 
and outcomes of surgery? Would that nudge your behaviour and that of the group 
in total towards better outcomes? I believe so, and so does Peter Godfrey-Smith 
in his excellent read "Metazoa: Animal Minds and the Birth of Consciousness”5.  
He gives the perfect example in his book when he talks about a study on cleaner 
fish. Apparently, large fish species tend to get their skin relieved from parasites 
in certain specific spots also known as "washing streets" in the ocean, where 
sometimes fishes wait in line to get cleaned by smaller and specialised cleaner 
fishes. These smaller fishes tend to enrich their diet of parasites with the occasional 
bite of skin from the fish that is being cleaned. This provokes a shudder in the other 
fish, perhaps because of a pain signal. However, when there was a waiting line 
with a crowd of onlookers, these cleaner fishes took a bite less often6. Probably, 
they would not risk potential new clients to withdraw. This example demonstrates 
a social influence on behaviour of fishes doing their daily job. 

It would be tempting to compare this social influence on the behaviour of hand 
surgeons but also difficult to scientifically prove. In the paper on feedback loops 
we give several examples on how our patient reported outcome measurements 
are being aggregated and fed back to users to improve outcome. We state that this 
information aggregation, analysis and feedback are prerequisites for learning from 
your own performance in order to improve one’s performance. Although there 
are some examples in healthcare that suggest significant improvement in health 
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outcome as a result of feedback of treatment results to surgeons7-10, evidence is 
still scarce. Scientifically orientated surgeons in general might be more focused on 
publishing papers then on improving their surgeries based on scientific outcomes. 
Scientific research should ultimately lead to improved treatments, but all too often 
things halt after publishing results or fail to change treatment protocol. 

The history of the discovery of Helicobacter Pylori and the delay in acceptance 
of the idea that this bacterium caused peptic ulcers is a much-quoted tale about 
the reluctance to change. In his despair to prove his theory, Barry Marshall in the 
end drank a glass of cultured bacteria to become ill himself. I can recommend 
Marshall’s commemorative lecture for those of you who want to read up on his 
history lesson11,12. 

In this thesis, chapter 2 demonstrates examples and the importance of setting 
up a system of routine outcome measurements, routine analysis and routine 
feedback of aggregated results in our clinical practice. Patient reported outcomes 
are shared with all stakeholders; patients, surgeons, management, referring 
physicians, insurance, and governmental quality control agencies to name a few. 
The influence of such a crowd watching the cleaner fishes is evident. We believe 
that the ability to routinely monitor the added value of our interventions is 
elementary and hands us the tools to improve our daily work. 

General limitations of part I
ln accordance with clinical research in general, compliance remains a challenge. 
We miss data due to lost to follow up or incomplete answering of questionnaires. 
As a result of the incomplete data we have to remove the patient from analysis, 
sometimes even for missing only one entry. In these cases, good data remains 
unused at times. The relatively large size of the Hand-Wrist database can 
compensate for missing data and additional analysis of responder versus non-
responder groups can also mitigate part of these limitations. 

We tried to boost compliance by giving feedback on individual patient results and 
by predicting individual outcomes. A direct benefit for the patient arises instead of 
the altruistic effort of answering questionnaires in the name of science. Another 
limitation is that there must be a balance between data necessary for proper 
clinical research and what may be regarded as part of routine care. The dividing 
line between the two is by no means easily identified. 
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In conclusion, we demonstrated that it is possible:

• to collect routine outcome data in daily practice at designated time points
• to routinely analyse the data and provide feedback of the data
• design an automated system that is scalable, data secure and budget 

constraint

However “The proof of the pudding is in the eating”, so I chose to use our data 
collection to evaluate surgical outcomes for open TFCC repair. 

Part II outcome of open repair of TFCC surgery
 In the second part of this thesis, various outcome results after open surgery for 
the triangular fibrocartilage complex are presented. Large review studies on the 
debate of open vs arthroscopically assisted repair of the TFCC made perfectly 
clear that in literature13-17:

• Limited data exists on baseline PROM (PRWE, VAS, function), CROM   
(range of motion, grip strength)

• Limited amount of follow up period
• Relatively small sample sizes 
• No superiority of either method exists

Even the pooled data of 7 studies on open repair only added up to 90 patients16 
whereas our total cohort now exists of data on 582 patients with surgical repair 
of the TFCC. So, it seems safe to conclude that more information is added to the 
debate of open versus arthroscopically assisted repair. We acknowledge that we 
have not compared these methods and report only on open repair. The following 
questions were raised at the introduction of this thesis. How are these questions 
addressed in the various studies we undertook?

A. What are the results for open TFCC surgery both early and late?
We demonstrated in Part II that open surgery for the TFCC is effective both 
early and late. In the first year post-surgery 80% of the patients reached an 
improvement ≥ Minimal Clinical Important Difference. In the study on late 
follow -up, we noticed that results improved even further in the period post-
surgery up to five years. In the review paper by Robba et al.16, two scholars 
reported on open repair with a mean follow up of 31 and 36 months on 66 and 
24 patients respectively. In contrast, we reported on 209 patients with better 
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results in the early outcome paper. Luchetti 18 reported a baseline patient-
rated wrist evaluation of 69 to decline to 42, whereas in our late follow–up 
study on 113 patients, we reported baseline PRWE of 62 to improve to 19 with 
more than 60 months follow-up. 

B. What is the return-to-work time for TFCC surgery and ulnar shortening?
The return-to-work percentage after open surgery for the TFCC and USO 
are 91% within 12 months and ≥50% within 12 weeks. In the TFCC group we 
noticed that the heavy work type patients had an overall higher return to work 
than light or medium type workers. 

C. Which prognostic factors can be identified in open repair for TFCC? 
It proved hard to find good prognostic factors for open repair of the TFCC. We 
found that duration of complaints had a mild effect of 0.14 points total PRWE 
per month with additional duration of complaints.

The last three aims of the thesis are probably the most important ones that 
were addressed in the chapter on finding a threshold for PRWE total at baseline.

D. Can we improve selection of patients at baseline? 
Yes, we think that setting a threshold score of 34 PRWE at baseline will result in 
overall better outcome following surgery.

E. Can we proceed into a phase of personalised medicine where we routinely  
    predict outcome for an individual patient with a TFCC injury? 

At this point in time, it is still too early to say we reached this phase of personalised 
medicine, but we certainly have an improved image of the risk profile for most 
patients. The use of the combination of baseline PRWE, duration of complaints, 
patient specific questionnaires and psychological profile in the selection of the 
individual patient for surgical treatment, can hopefully improve the probable 
end result post-surgery 

F. Should we advise potential negative outliers to opt out for surgery? 
Personally, I would strongly advise against surgery with baseline PRWE values 
<34. All other factors that we now know to be of importance need to be 
addressed in the joint decision making before surgery. However, each patient 
is unique and there will always be exceptions to a rule. 
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General limitations of part II
Our setting is unique. The ability to routinely collect outcome data has brought 
our group many insights and, personally, I think has also improved care, although 
this is difficult to prove. Every patient that is treated in our clinic and agreed to 
participate is opt for research. We do not aspire to go back to a point in time where 
we did not monitor outcome results, hence we cannot compare overall outcome 
with or without routine data collection. Therefore, the question if routine outcome 
measurements by itself delivers improvements in care remains unanswered. 

In the future, we should undertake more AB testing (testing of treatment A versus 
B) and/or rapid iteration in treatment protocols. This means that we improve in 
small cycles, because we are able to backtest against a large historic database. 
However, there is one aspect that cannot be emphasised enough; Routine outcome 
measurements bring focus to results. Real time outcome results for all our surgical 
care clearly depicts the added value of our daily work. We are able to compare 
treatment options and variation in outcome for patients or surgeons. These insights 
have become invaluable and in-dismissible to our group of surgeons. There are 
limitations though. We do not have prospective study protocols, so work-up for 
surgery may vary. Surgeons like to work autonomous; it is inherent to the type 
of person that can wield a knife. Our surgeons appreciate the ability to choose 
their own plan while at the same time are happy to discuss variations, difficult 
patients and the results. The down side is that we publish studies with patients 
that had a variation in the work-up that lead to the surgery. Also, we investigate 
a large surgeon group; so surgery techniques could vary between surgeons as 
well. Better controlled experiments with prospectively randomised control trials 
are supposedly of higher scientific standard. Clinicians that have participated in 
these types of studies know better; patient selection, blinding issues or treatment 
allocation are known to shift during the inclusion period. Overall, we make up for 
the limitations mentioned before. Our data consist of a high volume of patients 
treated in daily practice, with no clear bias for the treatment selection. 

Compliance is a genuine limitation. Normal compliance in our patient group is 
around 60% and few of them answer all questionnaires. Missing data is ever-
present and we use statistical methods to correct for these. The expected update 
of the software will ensure automatic enrolment of patients, whereas up to now a 
manual task of the hand therapist was necessary to initiate a treatment allocation. 
Could we reach 80% compliance and run continuous level I studies in the future? 
Our future study protocols could embrace a more prospective method of research 
that uses pre-defined hypotheses on small subgroups. These results could then 
be compared with our reference database which will lead to better structured 
experiments with higher scientific value.
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Strengths
Possible strengths of these studies are the large patient database with pre-and 
post- operatively reported patient and clinician outcomes. The multi-center 
setting with a close relation to our hand therapists both in science and in daily 
practice provide a strong base for our study group. The centralised organisation of 
hand therapy allows for standardisation of care in the sense of conservative hand 
therapy pre-surgery, adequate measurements of function and grip strength, post-
operative rehabilitation, identical splinting regime etc. 

Implications and future perspectives 
Let me get back to Verne Harnish, the marketing guru from the general introduction; 
he advises to focus on the big hairy audacious goal (BHAG)19? My BHAG's in 
hand surgery are democratising treatment outcomes and enabling personalised 
treatment regimes. Patients and surgeons should demand their data. Good data 
demand compliances from all parties. From the patient, to answer their personal 
questionnaires as without these no prediction for the group or an individual can 
be given. From surgeons, who should be willing to share their results amongst 
colleagues and the public. 

This thesis showed that we have made several steps towards these goals. We 
designed and implanted a system that can routinely measure outcome in daily 
practise with limited additional costs. We are at a point where we can also routinely 
analyse the data and feedback results to stakeholders. We showed it can be operated 
in private clinics, general hospitals, academic teaching hospitals and recently even 
in another European law compliant country. We are touching on comparing our 
data across country borders routinely. We are restricted by healthcare privacy 
acts, by monetary restraints and of course by compliance in general. To lift these 
experiments from personal endeavours or academic interests to routine care, we 
need either enforcement by law or monetary benefits that can stimulate routine 
measurements into an obligatory need. For personal medicine we need big data. 
Even with our relatively small database and after 10 years collecting outcomes,  
we are just starting to predict individual outcome in hand surgery. Imagine collecting 
outcomes across countries in every patient in the same manner. The ICHOM 
hand standard set can facilitate this goal. In the end, big data should enforce the  
omni-prevalent surgeon’s gut feeling and improve care.
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This thesis explored various aspects of ulnar-sided wrist problems. In particular 
on outcome of open surgery for the Triangular Fibrocartilage Complex (TFCC). 
Various patient-reported outcomes and return to work were studied. Furthermore, 
baseline characteristics, psychological profiles of these patients were examined to 
understand if prediction of successful outcome is possible and to see whether 
selection of the right patient for surgery of the TFCC at baseline is possible. 

To do so, this thesis is structured in two parts: 1. Cohort, 2. Treatment and outcome. 

Part I. Anatomy and Cohort 

In Part I, we described how we use feedback loops with the data obtained from 
this cohort in various examples of our daily hand surgery practice.  

The cohort is described in the addendum, where details are provided about 
the ongoing routine data collection of all patients treated in the, at this moment, 
23 Xpert Clinics. Using this system, the total number of yearly assigned tracks 
increased up to over 17.000 in 2020, adding up to 290.000 questionnaires. The 
Hand Wrist Study group is a collaboration of Xpert Clinics hand surgery and 
hand therapy departments with plastic-, orthopaedic surgery and rehabilitation 
department of Erasmus University Medical Center and the Plastic Surgery 
department of Radboud University Medical Center, along with other collaborating 
departments of universities, both national and international1*. In the addendum, 
we describe the collection of data and the way tracks and questionnaires are 
assigned to patients and hand therapists. The system excels at using internet-
based questionnaires assigned in relatively few diagnosis-based tracks for 
the acquisition of Patient- and Clinician Reported Outcomes, as well as Patient 
Reported Experience Measurements. These data have been studied extensively, 
thereby leading to a number of peer-re1viewed publications and PhD theses. 
The study is useful for other clinicians looking for methods of routine outcome 
collection in daily practice. 

1  * See https://www.handwriststudygroup.org/ for more details 
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In Chapter 2, we gave an overview of the feedback loops implemented within 
the routine outcome collection that we use in daily clinical practice. In order to 
learn from our results from surgery, we need to be informed of the outcomes. 
Ideally, this should be done continuously based on real-time data. We describe 
that improving current treatments or care requires four consecutive steps: 
collecting data, valuing data, interpreting data, and using the data to change 
patient care. Feedback loops can improve shared decision making, monitor or 
predict treatment progression over time, can detect extreme values, improve the 
quality of journal clubs, and improve surgeon evaluation. Our goal as surgeons to 
improve treatment should not stop at the act of implementing routine outcome 
measurements. We should implement routine analysis and routine feedback 
loops, because real-time performance feedback can accelerate our learning cycle.  

Part II. Outcome of Surgery 

In Part II, outcome of surgery for various hand and wrist procedures is described, 
with a focus on ulnar-sided wrist problems. Psychological aspects at baseline 
for these patients were analysed. In addition, return to work is very important 
for most patients, yet underreported in surgical literature. We studied return to 
work in patients with ulnar shortening and those with TFCC reinsertion. Patient-
Reported Outcomes were a consistent aspect of this research.   

Patient-reported outcomes at 12 months after open surgery for the TFCC were 
reported in Chapter 3. We found that 80% of the patients (total n=274) improved 
more than the Minimum Clinically Important Difference (MCID). Grip strength 
improved significantly with, on average, a 30% gain. We reported a small gain in 
range of motion. Overall, we noticed few complications, although a few patients 
needed a revision by renewed  reattachment of the TFCC most often after repeated  
trauma. Since in literature, limited information is available on patient-reported 
outcomes for open TFCC reinsertion, our findings support the joined decision 
process prior to surgery. 

In the next chapter we searched for prognostic factors in our dataset on TFCCrepair, 
We found that increased preoperative pain, less preoperative function and longer
duration of complaints are factors that were associated with more pain and less
function 12 months after open surgery for the TFCC.

In Chapter 5, we searched for a baseline threshold value for the Patient-Rated 
Wrist Evaluation total score in patients scheduled for open TFCC reinsertion. 
We found that with baseline values of the PRWE below 34, chances are slim 
that patients reach a minimum important clinical difference. We also showed 
that changes are minimal that patients will be satisfied with the end result.  
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Although there might be a flooring effect because with good baseline function 
there is less room for improvement, it is important to realise that, until now, 
these patients did get scheduled for surgery. We installed a warning system in 
our software that reminds a surgeon of the slim chances for surgical outcome 
whenever a patient gets scheduled for surgery with low PRWE values at baseline. 
This can support the shared decision-making process for future patients.  

In Chapter 6, the return to work and the factors associated with return to work after 
open reinsertion of the TFCC are identified. We found that patients with light work 
types returned soon to their labor in the first 15 weeks; thereafter, patients with 
heavier workloads returned sooner. Overall, 91% of the patients returned to work, 
and 50% of the overall patients returned within the first 12 weeks. Patients with a 
worse pre-operative Patient Rated Wrist Evaluation (PRWE) total score returned to 
work later. The overall cost of loss of productivity per patient was € 13,588. 

Other return to work outcomes were studied after ulna shortening. In chapter 7, 
we describe the factors associated with return to work in 104 patients after this 
surgery. The probability of returning to work was 92% within the first year. Type 
of work was associated with return to work with a median time of 6, 12, and 14 
weeks for light, moderate, and heavy physical work, respectively. We found that 
type of work was a prognostic factor for the duration until return to work after 
ulna shortening osteotomy, other patient characteristics before surgery did not 
seem to influence the return to work. 

Finally, in chapter 8, outcome of late follow up after open surgery to the TFCC was 
described. We analysed this by sending a follow up questionnaire to our patients 
(n=113). We found excellent outcomes that continued to improve after surgery. 
Outcomes at five year follow-up were significantly better than at baseline and 
when compared to follow-up at one year. In total, 83% reached a minimum clinical 
important difference at five years. Analysis of pain, function and satisfaction 
showed that each of these aspects had improved at more than 5 years of follow-
up. Overall, few complications were reported and patients reported fewer 
complications than surgeons.  

Chapter 9 discusses the main findings of both parts of this thesis, their limitations, 
implications and future perspectives.  
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Dit proefschrift onderzocht verschillende aspecten van ulnaire pols problemen, met 
de nadruk op de uitkomst van open chirurgie voor het Triangulaire Fibrocartilage 
Complex (TFCC). Verschillende patiënt gerapporteerde uitkomsten en terugkeer 
naar het werk werden bestudeerd. Daarnaast werden baseline kenmerken en 
psychologische profielen van deze patiënten onderzocht om te begrijpen of 
voorspelling van een succesvol resultaat mogelijk is en om te zien of pre-operatieve 
selectie van de juiste patiënt voor chirurgie van het TFCC mogelijk is.

Om dit te doen, is dit proefschrift gestructureerd in twee delen: 1. Cohort, 2. 
Behandeling en uitkomsten.

Deel I. Anatomie en cohort
In deel I hebben we beschreven hoe we feedback loops gebruiken met de gegevens 
die uit dit cohort zijn verkregen in verschillende voorbeelden van onze dagelijkse 
handchirurgie praktijk.

Het cohort wordt beschreven in het addendum, waar details worden gegeven over 
de routinematig gegevensverzameling van alle patiënten die op dit moment in 
de 23 Xpert Clinics Hand Chirurgie klinieken worden behandeld. Met behulp van 
dit systeem is het totale aantal jaarlijks toegewezen tracks gestegen tot meer dan 
17.000 in 2020, wat neerkomt op 290.000 vragenlijsten. De Hand Wrist Study groep 
is een samenwerking van Xpert Clinics afdelingen handchirurgie en handtherapie 
met de afdeling plastische, orthopedische chirurgie en revalidatie van het 
Erasmus Universitair Medisch Centrum en de afdeling Plastische Chirurgie van het 
Radboud Universitair Medisch Centrum. Daarnaast nemen andere afdelingen van 
universiteiten, zowel nationaal als internationaal2 deel. In dit hoofdstuk beschrijven 
we het verzamelen van gegevens en de manier waarop tracks en vragenlijsten 
worden toegewezen aan patiënten en handtherapeuten. Het systeem blinkt 
uit in het gebruik van op internet gebaseerde vragenlijsten die zijn toegewezen 
op diagnose gebaseerde trajecten voor het verzamelen van door de patiënt en 
de arts gerapporteerde resultaten en ervaringsmetingen. Deze gegevens zijn 
uitvoerig bestudeerd, wat heeft geleid tot een aantal peer-reviewed publicaties en 
proefschriften. De studie is nuttig voor andere clinici die op zoek zijn naar methoden 
voor het routinematig verzamelen van uitkomsten in de dagelijkse praktijk.

In Hoofdstuk 2 hebben we een overzicht gegeven van de feedback loops die 
geïmplementeerd zijn in de routine uitkomsten verzameling die we gebruiken in 
de dagelijkse klinische praktijk. Om te leren van onze resultaten van een operatie, 
moeten we op de hoogte zijn van de resultaten. Idealiter zou dit continu moeten 
gebeuren op basis van realtime gegevens. We beschrijven dat het verbeteren van 

2  1 * See https://www.handwriststudygroup.org/ voor meer details
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de huidige behandelingen voor de handzorg vier opeenvolgende stappen vereist: 
gegevens verzamelen, gegevens analyseren, uitkomsten interpreteren en de 
gegevens gebruiken om de patiëntenzorg te veranderen. Feedback loops kunnen 
de gedeelde besluitvorming verbeteren, de voortgang van de behandeling in de 
loop van de tijd volgen of voorspellen, extreme waarden detecteren, de kwaliteit 
van journal clubs verbeteren en de evaluatie van chirurgen verbeteren. Ons doel 
als chirurgen om de behandeling te verbeteren, mag niet stoppen bij het louter 
uitvoeren van uitkomst metingen. We moeten tevens routinematig analyseren 
en routinematig feedback loops implementeren, omdat real-time feedback over 
prestaties onze leercyclus kan versnellen.

Deel II. Resultaat van een operatie
In deel II wordt de uitkomst van een operatie voor verschillende hand- en 
polsprocedures beschreven, met de nadruk op ulnaire polsproblemen. 
Psychologische aspecten bij baseline voor deze patiënten werden geanalyseerd. 
Bovendien is terugkeer naar het werk belangrijk voor de meeste patiënten, 
maar wordt dit onvoldoende gerapporteerd in de chirurgische literatuur. We 
bestudeerden werkhervatting bij patiënten met ulnaire verkorting en patiënten 
met TFCC-herintroductie. Door de patiënt gerapporteerde resultaten waren een 
consistent aspect van dit onderzoek.

Door de patiënt gerapporteerde uitkomsten 12 maanden na open chirurgie voor 
de TFCC werden gerapporteerd in Hoofdstuk 3. We ontdekten dat 80% van de 
patiënten (totaal n = 274) meer verbeterden dan het Minimum Clinically Important 
Difference (MCID). De knijpkracht verbeterde aanzienlijk met gemiddeld 30% 
winst. We rapporteerden een kleine toename in bewegelijkheid. Over het 
algemeen merkten we weinig complicaties op, hoewel een paar patiënten 
een revisie reïnsertie nodig hadden voor het opnieuw bevestigen van de TFCC, 
meestal na een nieuw trauma. Aangezien er in de literatuur beperkte informatie 
beschikbaar is over door de patiënt gerapporteerde uitkomsten voor open 
TFCC-herstel, ondersteunen onze bevindingen het toekomstig gezamenlijke 
besluitvormingsproces voorafgaand aan de operatie.

In het volgende hoofdstuk zochten we naar prognostische factoren voor de 
uitkomsten van open TFCC reïnsertie. Hierbij bleken meer pijn voor de operatie en 
een slechtere handfunctie pre-operatief geassocieerd met meer pijn en slechtere 
functie 12 maanden na de operatie.

In Hoofdstuk 5 hebben we gezocht naar een baseline drempelwaarde voor de Patient-
Rated Wrist Evaluation (PRWE) totaalscore bij patiënten die gepland waren voor open 
TFCC reïnsertie. We ontdekten dat als de PRWE pre-operatief onder de 34 is, de 
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kans klein is dat patiënten een belangrijk klinisch verschil bereiken. We hebben ook 
laten zien dat in dat geval de patiënten niet tevreden waren met het eindresultaat. 
Hoewel er mogelijk een vloereffect is omdat er bij een goede pre-operatieve functie 
minder ruimte voor verbetering is, is het toch belangrijk om te beseffen dat deze 
patiënten tot nu toe wel geselecteerd werden voor een operatie. We hebben een 
waarschuwingssysteem in onze software geïnstalleerd dat een chirurg herinnert 
aan de kleine kans op een matige chirurgische uitkomst wanneer een patiënt wordt 
ingepland voor een operatie met lage PRWE-waarden pre-operatief. Dit kan het 
gedeelde besluitvormingsproces in toekomst verder ondersteunen.

In Hoofdstuk 6 worden de terugkeer naar het werk en de factoren die verband 
houden met terugkeer naar het werk na een open herintreding van de TFCC 
onderzocht. We ontdekten dat patiënten met lichte arbeid in de eerste 15 weken 
snel terugkeerden naar hun werk; daarna keerden patiënten met zwaarder werk 
eerder terug. In totaal keerde 91% van de patiënten terug naar het werk en 
50% van de totale patiënten keerde binnen de eerste 12 weken terug. Patiënten 
met een slechtere totale score voor pre-operatieve polsevaluatie (Patient-
Rated Wrist Evaluation, PRWE) gingen later aan het werk. De totale kosten van 
productiviteitsverlies per patiënt bedroegen € 13.588.

Andere resultaten van terugkeer naar het werk werden bestudeerd na verkorting 
van de ellepijp. In hoofdstuk 7 beschrijven we de factoren die samenhangen 
met werkhervatting bij 104 patiënten na deze operatie. De kans om weer aan 
het werk te gaan was 92% binnen het eerste jaar. Type werk was geassocieerd 
met werkhervatting met een mediane tijd van respectievelijk 6, 12 en 14 weken 
voor licht, matig en zwaar lichamelijk werk. We ontdekten dat het soort werk een 
prognostische factor was voor de duur tot terugkeer naar het werk na verkorting 
van de osteotomie van de ellepijp, andere patiënt kenmerken vóór de operatie 
leken geen invloed te hebben op de terugkeer naar het werk.

Ten slotte werd in hoofdstuk 8 de uitkomst van late follow-up na open chirurgie 
aan de TFCC beschreven. We hebben dit geanalyseerd door een vervolgvragenlijst 
naar onze patiënten te sturen (n = 113). We vonden uitstekende resultaten die na 
de operatie bleven verbeteren. Resultaten na vijf jaar follow-up waren significant 
beter dan bij baseline en vergeleken met follow-up na één jaar. In totaal bereikte 
83% een minimaal klinisch belangrijk verschil na vijf jaar. Analyse van pijn, functie 
en tevredenheid toonde aan dat elk van deze aspecten was verbeterd na meer 
dan 5 jaar follow-up. Over het algemeen werden er weinig complicaties gemeld en 
patiënten rapporteerden minder complicaties dan chirurgen.

Hoofdstuk 9 bespreekt de belangrijkste bevindingen van beide delen van dit 
proefschrift, hun beperkingen, implicaties en toekomstperspectieven.
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Abstract
Background: Routine measurement of outcome of clinical care is increasingly 
considered important, but implementation in practice is challenging. This paper 
describes how 1) we created and implemented a routine outcome measurement 
cohort of patients with hand and wrist conditions, and 2) these data are used to 
improve the quality of care and facilitate scientific research. 

Methods: Routine outcome measurement was implemented in 2011 at all 
practice sites (currently 22) of a specialized treatment center for hand and wrist 
conditions across the Netherlands. We 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 amongst patients, which can be accessed by healthcare 
professionals. 

Results: 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 
serves as a basis for studies on, amongst others, comparative effectiveness, 
prediction modeling, and clinimetric analyses.

Conclusions: We present the design and successful implementation of a routine 
outcome measurement system in hand and wrist disorders. Implementing such a 
system was feasible using a highly automated data collection infrastructure, tightly 
linked to the patient journey and the workflow of healthcare professionals. The 
system not only serves as a tool to improve care but also as a basis for scientific 
research studies. 
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Introduction
Routine measurement of the outcome of clinical care is increasingly considered 
important in healthcare. It is a key aspect of value-based healthcare, patient-
centered care, and other quality of care initiatives.1 For example, the Dutch 
government strives to have objective outcome data on 50% of all healthcare in 
2022,2 while in Sweden outcome measurements have been part of a national 
registry for years.3 

The goals of routine outcome measurement are multitude, including improving 
communication and treatment guidance at patient level, as well as 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 datasets that can be 
used in scientific research. This so-called ‘big data’ can help provide knowledge 
on, for example, comparative effectiveness, predictive factors of outcome, and 
psychometric properties of measurement instruments.

While routine outcome measurement has been advocated for years, 
implementation in clinical practice is limited due to several challenges. These 
include lack of 1) consensus on which outcome measurements to be collected; 2) 
appropriate IT infrastructure for data collection; 3) time and financial resources 
for data collection; 4) compliance of both patients and healthcare 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 non-surgical 
treatment in their centers. This paper 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 healthcare and facilitate ongoing scientific research. By sharing our 
lessons learned, we hope to help others overcome the hurdles to implement 
routine outcome measurement.
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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 (FESSH) hand surgeons, 
multiple hand surgery fellows, and >150 hand therapists are employed within 
these organizations. The organizations provide non-surgical and surgical 
treatment for acute and non-acute hand and wrist disorders, excluding emergency 
care. Patients are referred by either their general practitioner or another medical 
specialist. Surgical treatment is only performed in patients with an American 
Society of Anesthesiologists score (ASA) of 1-2. Table 1 shows an overview of the 
most common disorders and treatments. Prior to 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 healthcare 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 email. Approval from 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. 
Measurements only relevant for scientific research or analysis of underlying 
pathology (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. 
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Routine health outcome measurement

The Clinician Reported Outcome Measurements (CROMs) include grip & pinch 
strength and range of motion, while Patient Reported Outcome Measurements 
(PROMs) include pain, hand function, aesthetics, return to work/daily activities, and 
satisfaction with the outcome. Furthermore, a Dutch Patient Reported Experience 
Measure (PREM) is used.5 

Next, we created ‘measurement tracks’ comprising 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, 3, 6, and 12 months post-treatment. Table 2 shows the content of 
each measurement track, which is reviewed and updated every two 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 (see 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 starts during an already 
active measurement track, e.g. three months postoperatively to determine if 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 (see 
Figure 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 non-surgical 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 CROMS and 
informs the patient on the treatment and future measurements. Subsequently, 
PROMs are e-mailed to the patient. The start of non-surgical treatment or the date 
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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.

Table 2: Overview of the predefined tracks, their measurements and time points. 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 three months or an extended track with a 12-month follow-up and more 
extensive measurements. Measurements performed only in the extended tracks for a specific time points 
are underlined and denoted by an Asterix

Track Baseline 6 Weeks 3 Months 6 Months 12 Months
Regular &
*extended*

Regular &
*extended*

Regular & 
*extended

Regular & 
*extended

Regular & 
*extended*

All tracks VAS: pain, 
function, 
satisfaction
PSFS
EQ-5D
CEQ
PHQ-4
PCS
IPQ

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

VAS: pain, 
function, 
satisfaction
PSFS
Return to Work
Satisfaction 
treatment result
PREM
EQ-5D

*VAS: pain, 
function, 
satisfaction
*PSFS
*Return to Work
*Satisfaction 
treatment result
*EQ-5D

*VAS: pain, 
function, 
satisfaction
*PSFS
*Return to Work
*Satisfaction 
treatment result
*EQ-5D

Thumb MHQ
*Thumb ROM
*Grip & Pinch 
strength

MHQ
*Thumb ROM
*Grip & Pinch 
strength

MHQ
*Thumb ROM
*Grip & Pinch 
strength

Finger MHQ
*Finger ROM
*Grip strength

- MHQ
*Finger ROM
*Grip strength

MHQ
*Finger ROM
*Grip strength

Wrist PRWHE
*Wrist ROM
*Grip strength

- PRWHE
*Wrist ROM
*Grip strength

PRWHE
*Wrist ROM
*Grip strength

Compression 
neuropathy

BCTQ - BCTQ BCTQ

Dupuytren MHQ
Finger and/or 
Thumb ROM

- MHQ
Finger and/or 
Thumb ROM

MHQ
Finger and/or 
Thumb ROM

Abbreviations: MHQ: Michigan Hand Outcome Questionnaire; VAS: Visual Analog 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 function scale.
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Figure 1. Flowchart of how measurements are timed relative to common care paths of patients. Since 
the measurement system is coupled to electronic patient records with care information, measurements 
and questionnaires emailed to patients, it can be fully automated as soon as non-surgical or surgical 
treatment is entered into the system. 

Medical intake 
survey 

Baseline: 
PROM & 
CROM

PREM
3 months: 
PROM & 
CROM

Preoperative 
screening 

survey

6 weeks: 
PROM & 
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Surgical
treatment

Non-surgical 
treatment

Postoperative 
hand therapy

Follow-up with
surgeon
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injection, etc.

Follow-up with
surgeon

Assessment of 
health status & 
care delivery

Healthcare 
proces

Assessment 
of health 

outcomes

Intake

Consult & 
Diagnosis

Follow-up with
hand therapist

Follow-up with
hand therapist
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All data are collected digitally 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.

Since Pulse is linked to our electronic patient records, it automatically sends 
invitational emails to patients for completing questionnaires as soon as a diagnosis 
and treatment onset are assigned to a patient in the electronic patient record. 
Also, healthcare providers can access Pulse and see which measurements they 
need to complete for a specific patient. 

Pulse directly calculates scores of PROMS 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 PROM 
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 non-surgical 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 (MHQ), 
Patient-Rated Wrist/Hand Evaluation (PRWHE) and our PREM are the most time-
consuming measures, with a median of 3-4 minutes to complete. These completion 
times are lower than initially reported; for example, the MHQ is reported to take 
±15 minutes to complete according to its developers.8
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Figure 2. Number of yearly activated measurement tracks. Dashed lines indicate the regular tracks, solid 
lines 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 due 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 below, this 
improved by 2017. 

Table 3. The total number of patient questionnaires (across all tracks) and the median time to complete 
the questionnaires is shown for the period 2011-2018. 

Questionnaire Number of completed 
questionnaires

Median time to 
complete

MHQ 49925 4:15 min

PRWHE 28784 3:43 min

BCTQ 17680 1:54 min

Return to work 40998 0:39 min

Satisfaction with result 81534 0:14 min

VAS pain and function 135074 0:33 min

PREM 25407 4:17 min

Abbreviations: MHQ: Michigan Hand Outcome Questionnaire; VAS: Visual Analog Scale; PREM: Patient 
Reported Experience Measure; PRWHE: Patient Rated Wrist-Hand Evaluation; BCTQ: Boston Carpal Tunnel 
Questionnaire.
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Patient compliance for completing questionnaires was highest at baseline. For 
example, for pain, hand function, and satisfaction questionnaires, compliance was 
73% at baseline and decreased to 62% at 12 months (see Figure 3a). Compliance 
in extended tracks was 8% higher at baseline and 14% higher at three months 
compared to regular tracks. Compliance also decreased at follow-up for CROMS 
(Figure 3b); at baseline, 90% of measurement forms were completed, while at 3 
and 12 months these numbers decreased to 50% and 38% respectively. 

Figure 3. A) Compliance of patients completing the patient-reported outcome measurements, illustrated 
using the compliance on the Visual Analogue Scale for pain, hand function and satisfaction. There are 
differences in compliance between measurement tracks, but the most important factor is the decrease in 
compliance when the treatment is performed longer ago. B) Compliance of hand therapists filling in the 

clinician-reported outcome measurements, such as goniometry and grip strength. 
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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. Hence, for 
example, hand therapists use the measurements to evaluate treatment progress 
and set new treatment goals. Also, we introduced an integrated secure patient 
portal (Figure 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-specifi c treatment information is 
provided, e.g., disease-specifi c instructional videos on postoperative exercises. In 
2018, approximately 3100 patients logged into their patient portal each month.

Figure 4. Screenshot of the personalized patient portal, where patients can learn about the treatment, 
healthcare process, expected outcomes, exercises and can also complete the required questionnaires. 
As soon as a measurement track is assigned to a patient, disease-specifi c information is being provided.
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From 2017 onwards, 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 (see Figure 5). Moreover, we introduced a physician dashboard, where 
physician-specific outcomes for >100 treatments are compared to the average of 
all other physicians.

Figure 5. Screenshot of a physician dashboard, showing the individual patient’s outcome (magenta line) 
compared to the ‘average patients’ outcomes (blue line, p50 and blue area, p25-p75) after a carpal tunnel 
release. The data shown can be modified by the user; a treatment, a treatment location and a surgeon can 
be selected. These outcomes will then be plotted over the outcomes of all surgeons, treatment locations 
for each treatment. 
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Scientific research with the collected data

While our data collection system was primarily designed to improve and monitor the 
quality of healthcare 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 within our cohort is used to compare 
different treatments, for example, 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.9 Furthermore, we demonstrated that exercise therapy in 
addition to an orthosis reduces pain more compared to an orthosis only in patients 
with thumb base osteoarthritis13 and that, following a thumb carpometacarpal 
resection arthroplasty, shorter immobilization is non-inferior 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 non-surgical for thumb 
base osteoarthritis13-16, surgical treatment of primary or recurrent carpal tunnel 
syndrome17-19 and surgery in Dupuytren’s contracture.20, 21 

Healthcare context and treatment outcomes 
We also study how outcomes are not only influenced 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 PROMs 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 allows evaluating the psychometric measurement 
properties. For example, in patients with Dupuytren’s contracture, we reported 
that the Patient-Specific Functional Scale (PSFS) is more responsive than the more 
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generic and standardized MHQ, despite being much shorter to fill in.24 Additionally, 
we developed decision tree-based versions of the PRWHE25 and the Boston Carpal 
Tunnel Questionnaire26 to reduce the number of items needed to calculate the 
total score from 15 and 18 to 6 for both PROMS, 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 feasible by using a highly automated data collection infrastructure, 
tightly linked to the patient journey and the workflow of healthcare professionals. 
With this paper, we intend to share our experiences in designing such a system, 
our lessons learned, and 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 hospital, contributes extensive scientific knowledge and Xpert Clinic, 
as a highly specialized 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 big 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 consults 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, 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 female a baseline MHQ score of 50. Hence, 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, while maintaining practical 
feasibility. Presently, it remains challenging for clinicians to actually use the data 
in daily practice, due to a variety of reasons such as lack of time or inexperience in 
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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 which need 
to be taken into account when discussing the expected outcome with a patient. 
Therefore, we are presently developing models that can predict outcome of 
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 healthcare record, providing insight into 
the quality of care from a value-based healthcare perspective.

We found that efficient data acquisition software allows outcome recording 
with a relatively small time investment per patient. Further, at present, the main 
costs include software development and maintenance (approximately 2-3 fte 
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 healthcare insurance 
companies for outcome measurement remains unusual, despite the wish of 
insurance companies and the government to collect outcome data. Hence, further 
collaboration between healthcare providers, scientists, insurance companies, and 
governments is needed, since these investments are currently being made by 
healthcare 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 hospital, regional, or national level (e.g.,29-32). To our knowledge, 
the present cohort is unique within the field of hand and wrist disorders since it 
contains a large number of patients with relatively great detail of 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 papers, 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 literature, many 
statistical analyses and simulation papers have indicated that either multiple 
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imputation techniques or analysis that account for missing data are superior 
to complete case analyses.33-37 However, we noticed that such techniques are 
counter-intuitive to many readers. Consequently, we have frequently been asked 
by journal reviewers to report complete cases, despite that there is literature 
advising otherwise.

Since measuring outcomes is central in value-based healthcare,1 it would be of 
great value if more healthcare providers in hand and wrist care would routinely 
measure outcomes. Although there have been several consensus initiatives on 
outcome sets28, 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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DATAMANAGEMENT
All data are collected digitally in an online system named Pulse, which was developed 
using GemsTracker electronic data capture tools (© G. GemsTracker, Erasmus MC 
and Equipe Zorgbedrijven, latest release at 2017, version 1.8.2, open source (new BSD 
licence), https://gemstracker.org. 2017.). 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 LimeSurvey3 
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. Since Pulse is linked to our electronic patient records, it automatically 
sends invitational emails to patients for completing questionnaires as soon as a 
diagnosis and treatment onset are assigned to a patient in the electronic patient 
record. Also, healthcare providers can access Pulse and see which measurements 
they need to complete for a specific patient. For continuous data, we used a paired 
t-test to compare differences between two time points. We employed a Wilcoxon 
signed-rank test to compare categorical data over time. We used ANOVA to compare 
continuous data with more than two time points. Computations were undertaken 
using R v3.3.4 (R Project for Statistical Computing, Vienna, Austria). P < 0.05 was 
considered significant. This thesis is based on the results of human studies, which 
were conducted in accordance with the principles of the Declaration of Helsinki. 
The ethics committee of the Erasmus University Medical Center approved our study 
protocol (NL/sl/ MEC-2018-1088).

Pulse is the software platform which we use to collect our data. The Pulse dataset 
is comprised out of 8 dedicated measurement tracks containing data on:

• Medical, demographic and psychological characteristics of patients with 
hand and wrist disorders.

• Details on the (non)surgical treatment and the type and amount of hand 
therapy.

• Outcomes (PROM data) measured at baseline, 6 weeks, 3, 6 and 12 month 
after start of treatment.

• Description of experiences during the healthcare process (PREM data).

See here for more information on Xpert Clinics Hand- en polszorg and here on Xpert 
Handtherapie. https://docs.google.com/spreadsheets/d/1saSRu7do9oHbHa_
EaoGhc6DI-IPysfAmsDlEbdi6-hw/edit#gid=174751233

3  https://www.limesurvey.org/
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The data will be saved for 15 years after termination of the study (July 1, 2021). Using 
these patient data in future research is only possible after a renewed permission 
by the patient as recorded in the informed consent. The datasets analyzed during 
these studies are available from the corresponding author on reasonable request.

DIVERSITY AND INCLUSION STATEMENT

In an ideal world, science would be objective. However, much of science is subjective 
and is historically built on a small subset of privileged voices. I acknowledge that 
it is possible that there may be both overt and covert biases in the material due 
to the lens with which it was written, even though the material is primarily of a 
scientific nature. I embrace an intellectual community enriched and enhanced 
by diversity along a number of dimensions, including race, ethnicity and national 
origins, gender and gender identity, sexuality, class and religion. 

Throughout this thesis, gender-specific terms may be used in order to ease the 
text flow.

• Whenever a gender-specific term is used, it should be understood as 
referring to both genders or gender fluency, unless explicitly stated.

• This is done solely for the purpose of making the text easier to read, and no 
offence or sexism is intended.

• The thesis is intended to be free from discrimination based on race, color, 
ancestry, national origin, ethnic group identification, age, religion, marital or 
parental status, physical or mental disability, sex, sexual orientation, gender, 
gender identity or expression, or genetic information; the perception of one 
or more of such characteristics; or association with a person or group with 
one or more of these actual or perceived characteristics.
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