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CHAPTER 1

General introduction




Chapter1

Traditionally, orthopaedic surgeons were satisfied with the outcome of an arthroplasty if the
prosthesis alignment was correct, and the implant was well fixed and balanced. They considered
the long term outcome to be optimal if an excellent implant survival was obtained. However,
patients are satisfied with the outcome if their pain is relieved, their function is restored and their
quality of life has improved [1-4]. With the shift to a more patient centred orthopaedic health
care, measuring patient-reported outcomes (PROs) using selected patient-reported outcome
measures (PROMs) has increased [5].

PROs are subjective outcomes, such as pain relief or functional improvement, scored directly
by the patient without interpretation by others. PROMs are questionnaires to measure these
PROs. Currently, PROMs are seen as the gold standard for measuring outcomes from a patients’
perspective.

In multiple countries collecting PROs of hip and knee arthroplasty patients to evaluate and to
improve health care is recommended or even mandatory. Unfortunately, daily practice shows a
large diversity between health care institutions in their success of PRO collection and in how they
use PROs to improve health care. Wide ranges in response rates (RRs) are observed in both the
Dutch and international arthroplasty registers [6, 7]. A recent study among surgeons concluded
that the most important constraint on implementing PRO collection was costs [8]. Although
collecting PROs of all patients seems the most desired situation, a more realistic approach is
to study which RR at what costs is feasible (Chapter 3). To draw valid conclusions on PROs and
to justify the costs for PRO collection, a certain RR on PROMs is needed. However, this called
minimum RR (MRR) remains unknown. Despite many unknown factors, it is important to create
a scientific starting point for this discussion (Chapter 4).

When PRO collection is optimized, it is logical that PROs should be used for the aim they are
collected for. In the Netherlands, these PROs are publicly available to create transparency of the
delivered care [7]. However, it is questionable if the aim ‘improving arthroplasty health care’ is
achieved at the Dutch national level (Chapter 5). Ideas and examples on how PROs could be used
to optimize health care are available [9-11]. However, scientific investigated examples from daily
health care of routinely PRO use to optimize arthroplasty health care are lacking. PROs could
be used to gain knowledge useful for shared decision making and for making recommendations
to stakeholders (Chapters 6 and 7), in health care evaluation (Chapter 6), to guide patients after
surgery (Chapter 8) and to triage patients to their suitable type of consultation (Chapter 9).

As mentioned, the routine PRO collection and use have been increased, however, multiple
PRO-related questions remain unanswered. From that perspective, it is questionable if the PRO
collection and use executed nowadays are justifiable from an ethical and value-based health care
perspective. Although examples and recommendations how to collect [12-20] and use PROs exist
[9-11], scientific evidence on how to optimize routine PRO collection and how to optimize health
care with routine use of PROs in hip and knee arthroplasty is lacking.
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AIM OF THIS THESIS

The aim of this thesis is to investigate how routine PRO collection can be optimized (part I) and
subsequently how health care can be optimized with routine use of PROs (part Il) in hip and knee
arthroplasty.

OUTLINE OF THIS THESIS

Background information on the substantial health care burden called osteoarthritis, arthroplasty
registries, PROs and PROMs, and current practice on PRO collection and PRO use is presented
in chapter 2. Based on the two aims, this thesis is divided in two parts.

Part | of this thesis (Chapters 3 and 4) is focused on how routine PRO collection could be
optimized. What RR is achievable against which costs? This is described for all orthopaedic surgical
procedures as well as specified for total hip arthroplasty (THA), total knee arthroplasty (TKA)
and unicompartmental knee arthroplasty (UKA), and anterior cruciate ligament reconstruction
in chapter 3. This retrospective cohort study with prospectively collected data describes the RR
and costs for automated PRO collection alone compared to combined automated and manual
collection. Chapter 4 provides an insight into the MRR on PROMs needed to adequately evaluate
THAs in a retrospective study with prospective collected data.

Part Il of this thesis (Chapters 5 to 9) focuses on how routine use of PROs could be helpful in
optimizing health care in hip and knee arthroplasty. In chapter 5 a longitudinal study with Dutch
national THA indicator datasets, publicly available since 2016, examines if the goal of improving
THA health care by evaluating outcomes from a patients’ perspective based on PROs is achieved.
Thereafter, scientifically investigated examples are given how PROs could be used in clinical
practice to optimize health care. In chapter 6, PROs are used to compare two different UKA
implant designs in a single high-volume surgeon, retrospective cohort study with prospectively
collected data study. This study investigates which of the two frequently used implants, a mobile or
fixed bearing design, should be used in daily health care. Chapter 7 focuses on predicting patient
satisfaction after a TKA using patient characteristics and preoperative PROs in a retrospective
cohort study with prospectively collected data. In chapter 8 a randomized controlled trial is
described on the effects of an eHealth app (PainCoach app) on pain control and opiate use during
the first 2 weeks at home after a TKA. In response to a patient's input of the pain experienced, as
a PRO, the PainCoach app gives advice. Performed during COVID-19 pandemic, in chapter 9 a pilot
study with expert panels and a retrospective cohort with prospectively collected data describes
the use of PROs to create a tool to triage THA patients to hospital or video consultation for their
6 weeks postoperative control visit.

The summary and general discussion are presented in chapter 10. The main findings are
highlighted and reflected on, and recommendations for future steps are suggested.
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Chapter 2

Osteoarthritis (OA), one of the major chronic diseases in the world, results in pain and functional
restrictions. Hip and knee arthroplasties are successful treatments for patients with end-stage
OA. Arthroplasty registries gain insights into the quality of the delivered health care. In the
last decade, multiple registries add patient-reported outcomes (PROs) collected with selected
patient-reported outcome measures (PROMs) to extend this insight with a patients’ perspective.

SUBSTANTIAL HEALTH CARE BURDEN: OSTEOARTHRITIS

In the Netherlands alone, more than 1.5 million people suffer from OA. Half of them suffer from
knee OA and one-third suffer from hip OA [1]. These numbers will increase with 40% between
2015 and 2040 based on the increase of the population, the ageing of the population, and the
expectation of more people suffering from overweight [2]. When conservative treatments fail, total
hip arthroplasty (THA) and total knee arthroplasty (TKA) are effective treatments for patients
with end-stage hip or knee OA to relieve pain, restore function and improve quality of life. If OA
isonly located medial or lateral of the knee joint, an unicompartmental knee arthroplasty (UKA)
can be a successful treatment option. The outcome of an arthroplasty depends on multiple factors
such as surgeon, patient, type of implant, surgical approach, pain management and rehabilitation.
Implant survival has been the most commonly reported outcome variable. Valuable insights in
implant survival are achieved with arthroplasty registries. However, more factors should be taken
into account when assessing the quality of the delivered arthroplasty health care.

ARTHROPLASTY REGISTRIES

Multiple joint arthroplasty registries are united in the International Society of Arthroplasty
Registries (ISAR). The ISAR aims to improve outcomes for arthroplasty patients worldwide [3].
In the Netherlands, all arthroplasties performed are registered in the Dutch arthroplasty register
(LROI). The two main goals of this registry are tracing implants in case of calamity and gaining
insight into quality of the delivered health care [4]. This registry was developed by the Dutch
orthopaedic association in 2007. In 2019, 33,253 THAs were performed of which 85% for the
diagnosis primary OA [5, 6]. Furthermore, 25,881 TKAs and 4,892 UKAs were performed of
which 97% for the diagnosis primary OA [7, 8]. Since 2014 health care institutions are required
to register PROs in the Dutch arthroplasty register. The Dutch orthopaedic association has
developed his first PROMs advice in 2012 which has been updated in 2020 [9, 10]. The ISAR
PROMs Working Group evaluates and advises on best practices in the selection, administration
and interpretation of these PROs and PROMSs. It also supports the adoption and use of PROMs
and PROs arthroplasty registries worldwide [11].

The relevance of registry data depends largely on the quality of the collected data such as

coverage and completeness of registration, validity and reliability of metrics, as well as on
patients’ response rate (RR) on questionnaires. Completeness of the registered arthroplasties

14



Background

in the Dutch arthroplasty register, based on the hospital information system, is 99% [13]. In total,
93% of the THAs and 96% of the TKAs and UKAs are valid registered procedures in the Dutch
arthroplasty register [12]. However, these percentages are without PROs.

PROS AND PROMS

Long term implant survival rate is of less importance to arthroplasty patients. They are more
focused on pain relief and functional improvement to increase their participation in daily activities
[14-17]. Pain relief and functional improvement are examples of PROs. PROs are subjective
outcomes scored directly by the patient without interpretation by others. The term outcome
may be confusing as it implies a measurement that occurs only after an intervention. Valuable
outcomes involve the measurement of change and require repeated measures, so before and
after an intervention or during a certain time [11].

PROs are measured using PROMs. PROMSs are questionnaires that can be suitable for the general
population (generic PROMs) or specific for a certain diagnosis or disease or patient group
(disease-specific PROMs). Furthermore, these questionnaires can exist of multiple questions or
a single question. PROMs were initially restricted to clinical research. Nowadays, PROMs have
become an internationally accepted method and a gold standard to gain insight into outcomes
from a patients’ perspective.

PROs and PROMs in the Netherlands

Measuring and creating transparency of quality of health care gained more attention in the
Netherlands in 2004 [18]. The government advised health insurance companies to focus not only
on price and product, but also on quality of health care. Since 2006, there is a shift towards a
more patient centred perspective in health care. As a result, the use of PROMs to measure PROs
has increased [19].

In 2012, the Dutch orthopaedic association advised Dutch health care institutions to begin PRO
collection of patients diagnosed with primary OA and planned for an arthroplasty with selected
PROMs on selected measurement time points including ranges for valid response periods (table
1) [20]. The Dutch orthopaedic association aimed to improve health care by evaluating outcomes
from a patients' perspective [9].

15
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Table 1 Dutch hip- and knee arthroplasty PRO(M)s set

Preoperative 3 months 6 months 12 months
(<182 days postoperative postoperative postoperative
before surgery) (63-110 days) (154-210 days) (323-407 days)

PRO PROM THA, TKA and UKA THA TKA and UKA  THA, TKA and UKA
NRS pain X X X X
Pain at rest
Anchor question X X X
Pain during activity NRS pain X X X X
. . EQ-5D-3L and
Quality of life later EQ-5D-5L X X X X
HOOS-PS or
Physical KOOS-PS X X X X
functioning
Anchor question X X X
Palna‘md.physmal OHS or OKS X X X X
functioning
Satisfaction NRS satisfaction X X X

EQ-5D-3L = EuroQol 5 dimensions 3 level questionnaire, EQ-5D-5L = EuroQol 5 dimensions 5 level questionnaire, HOOS-PS = Hip
disability and Osteoarthritis Outcome Score - Physical Function Shortform, KOOS-PS = Knee disability and Osteoarthritis
Outcome Score - Physical Function Shortform, NRS = Numeric Rating Scale, OHS = Oxford Hip Score questionnaire, OKS = Oxford
Knee Score questionnaire

From 2014 on, health care institutions are required to register PROs in the Dutch arthroplasty
register [4]. Two years later, on advice of the Dutch orthopaedic association, PROs became
a mandatory part of the national defined THA and TKA indicator sets hosted by a Dutch
governmental organisation. These results are publicly available to create transparency of the
delivered care [21].

Recently, in 2020, the Dutch orthopaedic association PROMs advice has been updated based on
existing research and on lessons learned on PRO(M)s in the Netherlands [10]. This updated advice
is mainly a proposal for further research.

PRO collection: current practice

Currently, 50% of the arthroplasty registries united in ISAR capture preoperative and
postoperative PROs of the patients [22]. The annual reports of the Dutch arthroplasty register
reported a THA preoperative RR of 51% in 2016 with a small improvement to 65% in 2019.
Percentage of patients responding both preoperatively and 3 month postoperatively is increased
from 34% to 44% respectively [23]. Same numbers are reported for a TKA [24]. Unfortunately,
there is a wide range in RRs which indicates a large diversity in PRO collection in the Netherlands.

To quantify the success of PRO collection, RR could be calculated. RR refers to the proportion of

responders in relation to the number of patients who receive the questionnaire. More precisely, RR
is calculated by dividing the number of returned questionnaires on surgical procedures completed
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partly or totally by the number of surgical procedures minus the number of surgical procedures of
patients who are deceased (returned questionnaires / (surgical procedures - surgical procedures
of patients who are deceased)) [25]. An 100% RR is unrealistic as patients reply the PROMs
voluntary. Furthermore, because of logistic reasons (for example no or no valid (e)mail address)
health care institutions might not be able to reach all patients.

Achieving high RRs depends on the method in PRO collection chosen. Making PRO collection a part
of the routine care, using a PROMs digital administration station in the health care institutions
and collecting via multiple sources (for example traditional mail and email) are the keys to high
response rates [26-28]. In arthroplasty patients, a critical factor is to guarantee that PROs are
collected preoperatively as it results in a 3 times higher chance of collecting the PROs 3 months
after surgery and even a 15 times higher chance at 12 months [29]. Maintaining high postoperative
RRs is crucial as non-responding patients can introduce a bias which results in incomparable
PROs if the non-responders are different than the responders [27, 30] and missing data are
not at random [31]. It seems logical that a higher RR requires more effort and money. A recent
study among surgeons concluded that the most important constraint against implementing PRO
collection was costs [32]. Therefore, a clear comprehending is needed of which RR is achievable
and at what costs in daily orthopaedic health care.

To draw valid conclusions on PROs, a certain RR on PROMs is needed to both obtain an accurate
outcome and ensure generalizability [33]. The ISAR PROMs Working Group proposed a RR of at
least 60%. They mention that this advice is only based on the external difficulties to collect PROs
that may be unrelated to survey logistics and the requirement of =260% for a survey study [25,
34]. This proposed RR of at least 60% is not based on scientific evidence yet.

PRO use to optimize health care: current practice

Multiple arthroplasty registries have incorporated PROs with the aim of improving health care by
evaluating outcomes from a patients’ perspective [9, 22, 35]. However, previous studies emphasize
that there is no definitive evidence yet that this goal is achieved [36-40]. Ideas on how PROs
could be used to optimize health care are available: to compare surgical procedures or implants
used for the same treatment, to evaluate adaptations in a treatment or rehabilitation, to evaluate
the effect of care over the years, to compare surgeons, to evaluate a new surgeon, to compare
treatments appropriate for the same patient group, to guide patients in their rehabilitation, to
inform patients about what to expect of their pain relief and functional improvement, to enhance
shared decision making, to predict outcomes and to select patients appropriate for a treatment
[41]. However, there is a lack of scientific based examples of routine PRO use to optimize health
care from arthroplasty patients’ perspective in daily health care. These examples are needed to
inspire stakeholders what they could achieve if they routinely use PROs to optimize health care.

Potential examples of routine PRO use in daily orthopaedic health care
In daily orthopaedic health care, PROs are not always incorporated in health care evaluations to
optimize health care. Based on previous studies, two different implant designs used for an UKA
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(mobile bearing and fixed bearing) show excellent functional outcomes, implant survival rates
and complication rates [42-46]. However, from a patients’ perspective it is unknown if one of
these implants is preferred. Comparing PROs for both implants will result in knowledge which
is of potential use in shared decision making between orthopaedic surgeon and patient, and in
making recommendations to surgeons and other stakeholders on implant choice.

Unfortunately, up to 20% of patients are dissatisfied with their TKA end result [47-54]. Patient
characteristics and preoperative PROs are potential predictors of satisfaction one year after
TKA. Being able to predict the outcome preoperatively might reduce the number of less satisfied
patients. Furthermore, it could gain knowledge to enhance shared decision making and for making
recommendations to stakeholders. It could, therefore, be an example of using PROs to optimize
health care.

Another daily orthopaedic health care situation is created due to the successful fast-track
surgery procedures, namely a shorter hospital stay after a TKA of 1 or 2 days. Patients need
to take responsibility for their aftercare shortly after surgery. They feel uncertain and left
alone after early discharge, which could increase anxiety and affect their pain coping and
subsequent management [55, 56]. Patients might need more individualized guidance in their
pain management in their first period at home. As pain is a PRO and pain management is based
on the level of pain mentioned, using PROs to guide patients individually in pain control during
the first period at home after a TKA could be an example of using PROs to optimize health care.

The digital transformation in health care has been accelerated by the COVID-19 pandemic. Video
consultation has become the alternative for traditional hospital consultation. The number of
these hospital consultations has dropped by 30%, and the number of teleconsultations has
increased 5-fold [57]. Currently, video consultation provides health care institutions and health
care professionals the opportunity to increase office efficacy and cost-effectiveness in an
era of decreasing reimbursements and increasing time constraints [58-60]. From a patients’
perspective, it can also improve care efficacy and patient satisfaction as well as eliminating travel
time and expenses [57, 58]. However, not all patients might benefit from video consultation, and
itis unknown how to select patients suitable for video consultation. Using PROs to select patients
suitable for hospital or video consultation could be an example of using PROs to optimize health
care.

In conclusion, routine PRO collection and use have been increased, however, multiple PRO-related
guestions remain unanswered.

18



Background

REFERENCES

21.

22.

23.
24,

Ministerie van Volksgezondheid Welzijn en Sport. Artrose. https://www.volksgezondheidenzorg.info/
onderwerp/artrose/cijfers-context/huidige-situatieftnode-prevalentie-en-aantal-nieuwe-gevallen-van-
artrose-huisartsenpraktijk. Accessed 7 Jul 2022

Nederlandse Orthopaedische Vereniging (2019) Dossier artrose. Zorg voor Beweg 22-27

International Society of Arthroplasty Registries. Improving outcomes for individuals receiving joint
replacement surgery worldwide. https://www.isarhome.org/. Accessed 7 Jul 2022

Nederlandse Orthopaedische Vereniging. Wat is de LROI? https://www.Iroi.nl/over-de-Iroi/wat-is-de-Iroi.
Accessed 1 Aug 2018

LROI. Number of registered hip arthroplasties. https://www.Iroi-report.ni/hip/numbers/. Accessed 7
Jul 2022

LROI. Total Hip Arthroplasty Demographics. https://www.Iroi-report.ni/hip/total-hip-arthroplasty/
demographics/. Accessed 4 Apr 2022

LROI. Number of registered knee arthroplasties. https://www.Iroi-report.nl/knee/numbers/. Accessed
7 Jul 2022

LROI. Knee Arthroplasty Demographics. https://www.lroi-report.nl/knee/patient-characteristics/.
Accessed 7 Jul 2022

Nederlandse Orthopaedische Vereniging (2012) Patient Reported Outcome Measures: Advies Nederlandse
Orthopaedische Vereniging (NOV). https://www.orthopeden.org/downloads/32/advies-proms-
orthopedie.pdf. Accessed 1 Aug 2018

Nederlandse Orthopaedische Vereniging (2020) NOV PROMs-advies orthopedie 2020. https://www.
orthopeden.org/downloads/775/nov-proms-advies.pdf. Accessed 7 Jul 2022

Rolfson O, Eresian Chenok K, Bohm E, et al (2016) Patient-reported outcome measures in arthroplasty
registries: Report of the Patient-Reported Outcome Measures Working Group of the International Society
of Arthroplasty Registries: Part I. Overview and rationale for patient-reported outcome measures. Acta
Orthop 87:3-8

LROI. Data Quality - Validity. https://www.Iroi-report.nl/data-quality/validity/. Accessed 7 Jul 2022

LROI. Data Quality - Completeness. https://www.Iroi-report.nl/data-quality/completeness/. Accessed
20 Dec 2021

Séderman P, Malchau H, Herberts P, Zligner R, Regnér H, Garellick G (2001) Outcome after total hip
arthroplasty: Part Il. Disease-specific follow-up and the Swedish National Total Hip Arthroplasty Register.
Acta Orthop Scand 72:113-119

Séderman P, Malchau H, Herberts P (2000) Outcome after total hip arthroplasty: Part I. General health
evaluation in relation to definition of failure in the Swedish National Total Hip Arthroplasty register. Acta
Orthop Scand 71:354-359

Garellick G, Malchau H, Herberts P (2000) Survival of Hip Replacements. Clin Orthop Relat Res 375:157-
167

Britton AR, Murray DW, Bulstrode CJ, McPherson K, Denham RA (1997) Pain Levels After Total Hip
Replacement: Their Use As Endpoints For Survival Analysis. J Bone Jt Surg 79:93-98

Willems R (2004) Hier werk je veilig, of hier werk je niet. Sneller Beter - De veiligheid in de zorg.
Eindrapportage Shell Nederland. Den Haag

Wylde V, Blom AW (2011) The failure of survivorship. J Bone Joint Surg Br 93-B:569-570

Nederlandse Orthopaedische Vereniging. PROMs. https://www.Iroi.nl/invoerders/registreren/proms.
Accessed 1 Aug 2018

Zorginstituut Nederland. Zorginzicht - Open data Medisch-specialistische zorg. https://www.zorginzicht.
nl/openbare-data/open-data-ziekenhuizen-en-zelfstandige-behandelcentra---medisch-specialistische-
zorg. Accessed 24 Nov 2021

Bohm ER, Kirby S, Trepman E, et al (2021) Collection and Reporting of Patient-reported Outcome
Measures in Arthroplasty Registries: Multinational Survey and Recommendations. Clin Orthop Relat
Res 479:2151-2166

LROI. Hip PROMs Response. https://www.lroi-report.nl/hip/proms/response/. Accessed 2 Dec 2021
LROI. Knee PROMs Response. https://www.lroi-report.nl/knee/proms/response/. Accessed 2 Dec 2021

19



Chapter 2

25.

26.

27.

28.

29.

30.

31

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

20

Rolfson O, Bohm E, Franklin P, et al (2016) Patient-reported outcome measures in arthroplasty registries:
Report of the Patient-Reported Outcome Measures Working Group of the International Society of
Arthroplasty RegistriesPart Il. Recommendations for selection, administration, and analysis. Acta Orthop
87:9-23

Ho A, Purdie C, Tirosh O, Tran P (2019) Improving the response rate of patient-reported outcome
measures in an Australian tertiary metropolitan hospital. Patient Relat Outcome Meas 10:217-226
Tarig MB, Vega JF, Westermann R, Jones M, Spindler KP (2019) Arthroplasty studies with greater than
1000 participants: analysis of follow-up methods. Arthroplast Today 5:243-250

Slover JD, Karia RJ, Hauer C, Gelber Z, Band PA, Graham J (2015) Feasibility of integrating standardized
patient-reported outcomes in orthopedic care. Am J Manag Care 21:e494-500

Patel J, Lee JH, Li Z, SooHoo NF, Bozic K, Huddleston JI (2015) Predictors of Low Patient-Reported
Outcomes Response Rates in the California Joint Replacement Registry. J Arthroplasty 30:2071-2075
Norquist BM, Goldberg BA, Matsen FA (2000) Challenges in Evaluating Patients Lost to Follow-up in
Clinical Studies of Rotator Cuff Tears. J Bone Jt Surgery-American Vol 82:838-842

Kristman V, Manno M, C6té P (2003) Loss to Follow-Up in Cohort Studies: How Much is Too Much? Eur
J Epidemiol 19:751-760

Joeris A, Knoll C, Kalampoki V, Blumenthal A, Gaskell G (2018) Patient-reported outcome measurements
in clinical routine of trauma, spine and craniomaxillofacial surgeons: between expectations and reality:
a survey among 1212 surgeons. BMJ Open 8:e020629

Paulsen A (2014) Patient reported outcomes in hip arthroplasty registries. Dan Med J 61:B4845

JAMA. Internal Medicine Instructions for Authors. https://jamanetwork.com/journals/
jamainternalmedicine/pages/instructions-for-authors. Accessed 1 Aug 2018

Rolfson O, Eresian Chenok K, Bohm E, et al (2016) Patient-reported outcome measures in arthroplasty
registries. Acta Orthop 87:3-8

Damman OC, Jani A, Jong BA, et al (2020) The use of PROMs and shared decision-making in medical
encounters with patients: An opportunity to deliver value-based health care to patients. J Eval Clin
Pract 26:524-540

Kotronoulas G, Kearney N, Maguire R, Harrow A, Di Domenico D, Croy S, MacGillivray S (2014) What Is
the Value of the Routine Use of Patient-Reported Outcome Measures Toward Improvement of Patient
Outcomes, Processes of Care, and Health Service Outcomes in Cancer Care? A Systematic Review of
Controlled Trials. J Clin Oncol 32:1480-1501

Greenhalgh J, Gooding K, Gibbons E, Dalkin S, Wright J, Valderas J, Black N (2018) How do patient
reported outcome measures (PROMs) support clinician-patient communication and patient care? A realist
synthesis. J Patient-Reported Outcomes 2:42

Greenhalgh J, Dalkin S, Gibbons E, Wright J, Valderas JM, Meads D, Black N (2018) How do aggregated
patient-reported outcome measures data stimulate health care improvement? A realist synthesis. J
Health Serv Res Policy 23:57-65

Gutacker N, Bojke C, Daidone S, Devlin NJ, Parkin D, Street A (2013) Truly inefficient or providing better
quality of care? Analysing the relationship between risk-adjusted hospital costs and patients’ health
outcomes. Health Econ 22:931-947

Wilson |, Bohm E, Libbeke A, Lyman S, Overgaard S, Rolfson O, W-Dahl A, Wilkinson M, Dunbar M (2019)
Orthopaedic registries with patient-reported outcome measures. EFORT Open Rev 4:357-367

Cao Z, Niu C, Gong C, Sun Y, Xie J, Song Y (2019) Comparison of Fixed-Bearing and Mobile-Bearing
Unicompartmental Knee Arthroplasty: A Systematic Review and Meta-Analysis. J Arthroplasty 34:3114-
3123.e3

Huang F, Wu D, Chang J, Zhang C, Qin K, Liao F, Yin Z (2021) A Comparison of Mobile- and Fixed-Bearing
Unicompartmental Knee Arthroplasties in the Treatment of Medial Knee Osteoarthritis: A Systematic
Review and Meta-analysis of 1,861 Patients. J Knee Surg 34:434-443

Peersman G, Stuyts B, van den Langenbergh T, Cartier P, Fennema P (2015) Fixed- versus mobile-bearing
UKA: a systematic review and meta-analysis. Knee Surgery, Sport Traumatol Arthrosc 23:3296-3305
The New Zealand Joint Registry (2019) The New Zealand Joint Registry Twenty Year Report January
1999 To December 2018. https://nzoa.org.nz/system/files/DH8328_NZJR_2019_Repor t_v4_7Nov19.
pdf. Accessed 11 Mar 2020

Von Keudell A, Sodha S, Collins J, Minas T, Fitz W, Gomoll A (2014) Patient satisfaction after primary total
and unicompartmental knee arthroplasty: An age-dependent analysis. Knee 21:180-184



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.
59.

60.

Background

Ali A, Lindstrand A, Sundberg M, Flivik G (2017) Preoperative Anxiety and Depression Correlate With
Dissatisfaction After Total Knee Arthroplasty: A Prospective Longitudinal Cohort Study of 186 Patients,
With 4-Year Follow-Up. J Arthroplasty 32:767-770

Baker PN, Rushton S, Jameson SS, Reed M, Gregg P, Deehan DJ (2013) Patient satisfaction with total
knee replacement cannot be predicted from pre-operative variables alone. Bone Joint J 95-B:1359-1365
Bourne RB, Chesworth BM, Davis AM, Mahomed NN, Charron KDJ (2010) Patient Satisfaction after Total
Knee Arthroplasty: Who is Satisfied and Who is Not? Clin Orthop Relat Res 468:57-63

Clement ND, Bardgett M, Weir D, Holland J, Gerrand C, Deehan DJ (2018) The rate and predictors of
patient satisfaction after total knee arthroplasty are influenced by the focus of the question. Bone Joint
J100-B:740-748

Noble PC, Conditt MA, Cook KF, Mathis KB (2006) The John Insall Award: Patient Expectations Affect
Satisfaction with Total Knee Arthroplasty. Clin Orthop Relat Res 452:35-43

Van Onsem S, Van Der Straeten C, Arnout N, Deprez P, Van Damme G, Victor J (2016) A New Prediction
Model for Patient Satisfaction After Total Knee Arthroplasty. J Arthroplasty 31:2660-2667.el

Schnurr C, Jarrous M, Gidden |, Eysel P, Kénig DP (2013) Pre-operative arthritis severity as a predictor
for total knee arthroplasty patients’ satisfaction. Int Orthop 37:1257-1261

Scott CEH, Howie CR, MacDonald D, Biant LC (2010) Predicting dissatisfaction following total knee
replacement. J Bone Joint Surg Br 92-B:1253-1258

Specht K, Agerskov H, Kjaersgaard-Andersen P, Jester R, Pedersen BD (2018) Patients’ experiences
during the first 12 weeks after discharge in fast-track hip and knee arthroplasty - a qualitative study. Int
J Orthop Trauma Nurs 31:13-19

Sjeveian AKH, Leegaard M (2017) Hip and knee arthroplasty - patient's experiences of pain and
rehabilitation after discharge from hospital. Int J Orthop Trauma Nurs 27:28-35

Merkes K, Hagenaars N (2020) Corona: katalysator of struikelblok voor groenere ziekenhuiszorg? https://
gupta-strategists.nl/studies/corona-katalysator-of-struikelblok-voor-groenere-ziekenhuiszorg. Accessed
13 Nov 2021

Hollander JE, Carr BG (2020) Virtually Perfect? Telemedicine for Covid-19. N Engl J Med 382:1679-1681
O'Connor CM, Anoushiravani AA, DiCaprio MR, Healy WL, lorio R (2020) Economic Recovery After the
COVID-19 Pandemic: Resuming Elective Orthopedic Surgery and Total Joint Arthroplasty. J Arthroplasty
35:532-S36

Kane LT, Thakar O, Jamgochian G, Lazarus MD, Abboud JA, Namdari S, Horneff JG (2020) The role of
telehealth as a platform for postoperative visits following rotator cuff repair: a prospective, randomized
controlled trial. J Shoulder Elb Surg 29:775-783

21






PART |

Optimizing the routine
patient-reported
outcome collection






Response rate and costs for
automated patient-reported
outcomes collection alone
compared to combined automated
and manual collection

, P. Pilot, J.M. Brinkman, R.J. van Heerwaarden and W. van der Weegen

J Patient Rep Outcomes. 2019 Jun 3;3(1):31



Chapter 3

ABSTRACT

Background

The response rate on patient-reported outcome measurements (PROMs) necessary to adequately
evaluate a treatment and improve patient care is unknown. Hospitals generally aim for the highest
possible response rate without insight into the increase in costs involved. This study aimed to
investigate which PROMs response rate is achievable in relation to the costs in an orthopaedic
practice.

Methods

In an observational study, patients planned for orthopaedic surgery were asked to participate
per surgical procedure (5769 surgical procedures at 5300 patients). Patient-reported outcomes
(PROs) collection with a digital online automated PROMs collection system (minimal effort) was
compared to a combined automated system and manual collection (maximal effort). Response
rate was calculated preoperative and at two postoperative time points separately, and on all
three time points together. Costs were calculated for the study period, per year and per surgical
procedure. Calculations were executed for all surgical procedures and for three subgroups: knee
arthroplasty, hip arthroplasty and anterior cruciate ligament reconstruction (ACLR).

Results

Using maximal effort the response rate increased for all surgical procedures compared to minimal
effort; the preoperative response rate from 86% to 100% and the postoperative response rates
from 55% to 83% (3 or 6 months) and 53% to 83% (12 months). Concerning the response at all
three time points for all surgical procedures, minimal effort resulted in 44% response rate and
increased to 76% with maximal effort. Lowest postoperative response rates were found in the
ACLR group for both maximal and minimal effort. A costs difference of €5.55-€5.98 per surgical
procedure between maximal and minimal effort was found.

Conclusions

A two times higher PROMs response rate for patients responding at all three time points (44%
versus 76%) is achievable with maximal effort compared to the use of an automated PROMs
collection system only. Manual collection adds a cost of €5.5-€6 per surgical procedure to
automated PROMs collection alone. It is debatable if these additional costs are justifiable from a
value-based health care perspective as the response rate for adequate evaluation of a treatment
is still unknown.
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INTRODUCTION

From a patient's perspective, implant survival may not be the best measure of surgery success.
Instead, pain reduction, functional improvement and quality of life are important [1-4]. With
this shift towards a more patient-centred perspective in health care, there is an increase in the
use of Patient-Reported Outcome Measurements (PROMs) [5]. PROMs are questionnaires that
assess health status from patient's perspective and focus on pain, function, quality of life and/or
satisfaction. This has resulted in the addition of patient-reported outcomes (PROs) to (national)
arthroplasty registries for evaluating treatments and improving patient care. Since 2007 all Dutch
hospitals have registered their implanted prostheses in a national registry and in 2012 the Dutch
Orthopaedic Association (NOV) advised hospitals to add PROs collected by selected PROMs [6,
71. This resulted in the first PROMs indicator which obliges hospitals to collect PROs of all hip
arthroplasty patients. The first part of this indicator is a process indicator as it focusses on the
achieved response rate.

To achieve the goal of evaluating treatments and improving patient care a certain level of response
rate is necessary to ensure generalizability and to minimize selection bias of the collected PROs
[8]. Unfortunately, there is no clear consensus of what rate is acceptable. The International
Society of Arthroplasty Registries ISAR) PROMs Working Group proposed a response rate of at
least 60% [9, 10]. That percentage is based on what is considered a sufficient response rate in
survey research [11]. In 2017, the Dutch arthroplasty registry reported an average preoperative
response rate of 54%, ranging from 5% to 99% [12].

Although PROs are an important component of health outcome and several authors have reported
tips and tricks regarding PROs collection [13-15], even specific for orthopaedic practice [9, 16],
this wide range in response rate reported by the Dutch arthroplasty registry shows that the
implementation and integration of PROs collection into orthopaedic practice has its challenges.
Generally, hospitals strive for an as high as possible response rate without having an insight into
the increase in costs involved and not knowing if their response rate justifies the expenses made.

Therefore, a clear understanding is needed of which response rate is achievable and at what costs.
The aim of this study was to investigate which PROMs response rate is achievable in relation to
the costs for PROs collection in an orthopaedic practice.

METHODS

Setting and inclusion

PROs collection was performed in a medium-sized-orthopaedic hospital (Kliniek ViaSana, Mill, the
Netherlands). Between January 2014 and June 2015, 5300 orthopaedic patients that underwent
in total 5769 surgical procedures, characterised by aged 12 years and older, American Society
of Anaesthesiologists (ASA) classification of | or Il, and body mass index (BMI) =35 kg/m?, were
followed.
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Patients were informed and asked by their surgeon’s receptionist to participate in PROs collection
and to allow further scientific analysis using their anonymised data. All included patients signed
the informed consent form. PROMs sets were based on the type of surgery performed and
included those that were mandatory as set out by the NOV [10]. All sets had comparable length
and linguistic difficulty. Retrospective analysis was executed on the prospectively collected data.
This study was approved by the district medical ethics committee (N18.156).

Data collection

Patients registered and completed their preoperative PROMs on a computer using a web-based
survey of a digital, online, automated system for collecting PROs (OnlinePROMs, Interactive
Studios, Rosmalen, the Netherlands) directly after consultation in the hospital. In case they
needed assistance or could not handle a computer, an (admission administrator) employee was
available to provide instructions or hand out paper forms. Before surgery, completeness of the
PROMs was checked by the PROMs administrator and in case of incomplete PROMs, a paper form
was handed out to the patient at the day of surgery to collect the missing PROs (response check).
After surgery the PROMs administrator manually entered the date of surgery in the automated
system; by doing so, postoperative PROMs were automatically sent by email 3 or 6, and 12 months
after surgery. In case of non-response an automatic reminder was sent after 7 days. In case no
email address was registered, the PROMs were sent by postal service and included an invitation
letter and a stamped self-addressed envelope. This was all done by the PROMs administrator who
received a notification by the automated system to execute this. If the patient did not respond
after two invitations by email, the PROMs administrator automatically received a notification by
the system to send a third invitation per postal service. All returned forms were manually entered
in the automated system by the PROMs administrator. All questions in the automated system were
mandatory. In total, per surgical procedure the patient was invited to complete the PROMs at three
time points: preoperatively, at 3 or 6 months postoperatively, and at 12 months postoperatively.

Data analysis

After data collection, per surgical procedure and per time point patients were allocated to two
groups: the minimal effort or the maximal effort group. Patients for which PROs were collected
only using the automated system were included in the minimal effort group. For this group,
additional manual labour was only needed for entering the date of surgery. The maximal effort
group included all patients where extra manual labour was needed: response check, PROMs sent
by postal service, third invitations sent by postal service and remaining tasks. These remaining
tasks consisted of answering patients phone calls or emails, or correcting administrative errors
such as wrong email addresses.

Response rate and costs

Response rate was calculated by dividing the number of returned questionnaires completed
partly or totally by the number of surgical procedures minus the number of surgical procedures of
patients who were deceased (returned questionnaires / (surgical procedures - surgical procedures
of patients who were deceased)) [9]. Reasons for loss to follow-up were reported. First, response
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rate was calculated per time point. Second, it was calculated for all three time points together.
Response at all three time points was defined as when per surgical procedure a patient returned
the PROMs at all three time points: preoperatively, 3 or 6 months postoperatively, and 12 months
postoperatively. When there was no returned questionnaire on one or more time points, this was
defined as no response at all three time points. Completion rate per time point was calculated
by dividing the number of returned questionnaires completed totally by the number of surgical
procedures minus the number of surgical procedures of patients who were deceased (totally
completed returned questionnaires / (surgical procedures - surgical procedures of patients who
were deceased)). Costs were calculated for the entire study period, per surgical procedure and
per year. Costs consisted of the license fee for the automated PROMs system (E7500,- per year),
pay for two computers on which the registration and completion of the preoperative PROMs
was done (E1600,- over 5 years), costs for paper forms including sending per postal service
(€0.08 per sheet of paper, €0.07 per envelope and €10.000 per year for sending), and staff
employment costs: PROMs administrator (€22.1 per hour), surgeon'’s receptionist (€21.1 per hour)
and admission administrator (€22.1 per hour). The amount of time needed for all specific manual
tasks in the collection process was estimated. Response rate and costs were calculated for all
surgical procedures and for three patient groups as subgroups: total hip arthroplasty (THA), total
or unicompartmental knee arthroplasty (TKA&UKA) and anterior cruciate ligament reconstruction
(ACLR). Baseline demographic data were collected from the electronic patient records.

RESULTS

Between January 2014 and June 2015, all 5300 patients planned for 5769 surgeries were included
of which only 2 times a patient declined participation, therefore 5767 surgical procedures (100%)
of 5298 patients were available for participating PROMs (Fig. 1).

Characteristics
The characteristics of the 5769 surgical procedures as well as the subgroups qualifications are
listed in Table 1.

Response rate

With maximal effort for PROs collection the response rate increased for all surgical procedures
compared to minimal effort, the preoperative response rate from 86% to 100% and the
postoperative response rates from 55% to 83% (3 or 6 months) and 53% to 83% (12 months)
(Fig. 2a). The lowest postoperative response rates were found in the ACLR group for both maximal
and minimal effort compared to the other groups (Fig. 2). For all surgical procedures minimal
effort resulted in 44% response rate at all three time points. An increased in response rate to
76% was reached with maximal effort (Fig. 2a). Various differences in response rates between
the subgroups were found (Fig. 2b-d).
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5769 patients planned for surgery and
invited to participate PROMs

» 2 patients declined participation

5767 (100.0%) participants available for
preoperative PROMs

31 participants lost to follow up

- Received another surgery (n=20)

- Declined further participation (n=3)

- Deceased (n=3)

- Not reachable (n=1)

- Not able to participate due to medical issues (n=4)

4
5736 (99.4%) participants available for
3 or 6 months postoperative PROMs

43 participants lost to follow up

- Received another surgery (n=30)

- Declined further participation (n=4)

- Deceased (n=4)

- Not able to participate due to medical issues (n=4)

- Not able to participate due to legal procedure (n=1)

5693 (98.7%) participants available for
12 months postoperative PROMs

Fig. 1 Flowchart

Note: PROMs indicates patient-reported outcome measurements. nindicates number

Of all the additional tasks performed in the maximal effort group sending a third invitation by
postal service after no response on two automated email invitations resulted in the highest
extra response rate in all surgical procedures and in all the three subgroups ranging from 13%
to 27% (Fig. 2).

Regarding the completion rate, maximal effort for PROs collection resulted in 100% preoperative

completion rate compared to 86% with minimal effort, 81% compared to 54% 3 or 6 months
postoperatively and 79% in comparison with 52% 12 months postoperatively respectively.

30



Automated and manual collection

Table 1 Characteristics for all surgical procedures and the THA, TKA&UKA and ACLR subgroups

All surgical procedures THA TKA&UKA ACLR
(n=5769) (n=535) (n=742) (n=430)
Age (y, mean * SD) 50.3 +15.8 64.7 +8.3 64.3 +7.8 274 £9.5
BMI (kg/m?, mean % SD) 26.0 £ 3.6 259+ 35 28.0 £3.5 23.8+x29
Gender - female (n, (%)) 2715 (47.1%) 339 (63.4%) 377 (50.8%) 138 (32.1%)
ASA - 11(n, (%) 1986 (34.4%) 264 (49.4%) 438 (59.0%) 25 (5.81%)

Note: THA indicates total hip arthroplasty. TKA indicates total knee arthroplasty. UKA indicates unicompartmental knee
arthroplasty. ACLR indicates anterior cruciate ligament reconstruction. y indicates year. SD indicates standard deviation. BMI
indicates body mass index. kg/m? indicates kilogram per square meter. n indicates number. ASA indicates American Society
of Anaesthesiologists classification

All surgical procedures - response rate (%) THA - response rate (%)

imal effort:| Maximal effort mal effort:| Maximal effort
MAutomated | MResponse check M By postalservice 1 3rd invitation by postalservice Remaining mAutomated | mResponse check  ® By postalservice  ©3rd invitation by postal serviee  Remainin

Preoperative 3 0r6 months postoperative 12 months postoperative Preoperative 3 months postoperative 12months postoperative
228% 830% 817%

e TKA&UKA - response rate (%)

Minimal effort | Maximal effort:
mAutomated | mResponse check By postal service  © 3rd invitation by postal service  Remaining

o ACLR - response rate (%)

Minimal effort| Maximal effort:
utomated | MResponse check By postalservice  © 3rd invitation by postalservice  Remaining

i 90% 1%

Preoperative 6 months postoperative 12 months postoperative Preoperative & months postoperative 12 months postoperative
a18% 829% a32% 810% 836% a27%

Fig. 2 Response rates (%) of PROs collection: minimal effort versus maximal effort

Represented for all surgical procedures (a) and the THA (b), TKA&UKA (c) and ACLR (d) subgroups. The line represents the
response rate at all three time points. Note: PROs indicates patient-reported outcomes. THA indicates total hip arthroplasty.
TKA indicates total knee arthroplasty. UKA indicates unicompartmental knee arthroplasty. ACLR indicates anterior cruciate
ligament reconstruction
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Costs

Costs associated with collecting PROs with maximal effort for all surgical procedures increased
to €56,081 compared to €23,079 with minimal effort; €9.72 versus €4.00 per surgical procedure
and €37,481 versus €15,479 per year. In all surgical procedures and in the three subgroups,
the calculated difference per surgical procedure between minimal and maximal effort ranged
between €5.55 and €5.98. Costs per surgical procedure in the three subgroups were the highest
inthe ACLR group for both minimal (€28.44) and maximal effort (€34.42) compared to the other
subgroups (Table 2).

DISCUSSION

This study aimed to investigate which PROMs response rate is achievable in relation to the costs
for PROs collection in an orthopaedic practice. Collecting PROs with maximal effort for all surgical
procedures resulted in a preoperative response rate increasing from 86% reachable with minimal
effort to the optimal of 100%, and at the two postoperative time points from 53% or 55% to 85%.
Furthermore, with maximal effort a two times higher response rate for patients responding at
all three time points was achievable compared to only using a digital online automated PROMs
collection system as minimal effort. Both achieved with two times higher costs (€4 to €10 per
surgical procedure). These additional costs of €6 per surgical procedure were found for all surgical
procedures as well as in the subgroups. Regarding these subgroups, lowest response rates and
highest costs were found in the ACLR group with both maximal and minimal effort.

The only two previous orthopaedic studies that use a digital online automated PROMs collection
system reported 43% response 6 months after knee surgery for patellar instability, ligament,
cartilage, or meniscus injury [17] and 92% after elbow arthroplasty [18]. Howard et al. found
similar rates related to the ACLR patients (37%) as the most comparable group of the current
study. However, only 9% of their patients responded at all time points [17], which is less compared
to the 24% in the present study. Viveen et al. used the same automated system and reported a
similar response rate to this study, but calculated it by dividing the number of returned PROMs
by the number of sent PROMs [18]. In studies outside of orthopaedics, response rates of web-
based surveys vary greatly between 14% and 83% [19-23]. Web-based surveys are said to be
cost-effective [14], have a decreased risk of errors and missing values [24] and are favoured
[25] compared to paper forms. In the current study, only using an automated system, the ISAR
PROMs Working Group proposed response rate of at least 60% was reached for the preoperative
collected PROs [9], but not postoperatively for all surgical procedures, ACLR and THA at 12
months. Regarding at least 60% on all preoperative dnd postoperative time points, none of the
four groups reached this threshold while using an automated system only. Using maximal effort in
collecting PROs this ISAR threshold is almost achieved as it resulted in at least 68% for one single
time point and at least 59% response at all three time points. This shows that alternatives beside
an automated system as minimal effort to complete PROMs are needed to improve response rate
[14, 26, 27] and to reach the proposed threshold of 60%. Similarly, Rolfson et al. concluded that
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only using web-based surveys in THA patients results in an insufficient response rate of 49%,
and it is unable to replace PROs collection with paper forms in PROs collection with an automated
system only as the PROs and patient demographics for being a respondent differ between both
ways of collection [24]. The sending of a 3rd invitation by postal service after no response was
received on two email invitations, as a part of maximal effort, had the highest impact (=13% extra
response rate) on improving postoperative response rate and should be added to any automated
collection system in order to achieve the ISAR threshold on every single time point. To achieve the
proposed threshold for response at all three time points, maximal effort is needed. The downside
of this is that maximal effort increased costs.

A recent study among trauma and orthopaedic surgeons concluded that one of the two most
important constraints against implementing PROMs was costs [28]. Previous studies reported
$2.00-$6.39 (E1.70-€5.50) per respondent using an automated system [19, 29] reaching a lower
response rate (between 14% and 21%) compared to the current study. In the present study,
collecting PROs was €6 per surgical procedure more expensive with maximal effort. The smaller
the number of surgical procedures, the fixed costs such as the license fee for an automated
system and hardware weigh heavier, as shown by the smaller ACLR group that was more expensive
per surgical procedure compared to all surgical procedures included. Therefore, to consider the
value of adding costs of €6 per surgical procedure to achieve higher response rate, the size of
the hospital or patient group involved should be taking into account. Regarding the different
patient groups, the THA and TKA&UKA patients had the highest pre- and postoperative response
rates and had the lowest costs to collect PROs. This might be explained by their more compliant
attitude to their surgeon [30]. The younger ACLR patients showed to be more inclined to handle
computers due to their high preoperative response rate by using only an automated system [19].
However, their postoperative response rates with an automated system only were lower compared
to the older patient groups. It might be that the age group of ACLR patients already get too many
emails, so they were more aware of responding due to an invitation by postal service, as seenin
the higher response rates on a 3rd invitation by postal service. Furthermore, the ACLR patients
were mainly male patients who are reported to be more likely to respond by postal service [19,
26]. Younger [18, 19, 31] and male [19, 30, 31] patients in general are the most challenging group;
they are less likely to respond at all. This also explains the higher costs for the ACLR patient in
the current study. To ensure wider acceptance and to improve the response rate, postal service
as additional effort is advised in younger and male patients [14, 26, 27]; again with the downside
of higher costs.

Little is known about the costs made to collect PROs in relation to the benefit of collecting
PROs. The present study shows the considerable costs to achieve high response rates; knowing
that these costs are even without costs for data analysis and improvement strategies, which is
expected to result in reducing costs. From a value based health care perspective, it is questionable
if the costs made to collect PROs, and the additional costs for improving the response rate, are
justifiable. The most important question might not be how many response is needed, but how
representative the respondents are for the hospital or patient group in question [32]. It could
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very well be that a more homogeneous patient population in a specific setting requires a lower
response rate compared to a more heterogeneous patient population in another setting. It is
guestionable that a quality indicator is set on achieved response rate without actually knowing
the threshold.

To the authors knowledge, this is the first study clarifying the achievable response rate on PROMs
versus the associated health care costs in a medium sized orthopaedic practice. It provides other
hospitals insights into what costs they might expect for collecting PROs in their hospital setting or
patient groups using minimal and maximal effort. A limitation of this study was that the amount
of time needed for all specific manual tasks in the collection process was not exactly measured
but was estimated.

CONCLUSIONS

A two times higher PROMs response rate for patients responding at all time points is achievable
with maximal effort compared to the use of a digital online automated PROMs collection system
only for PROs collection in an orthopaedic practice. Manual collection adds a cost of €6 per
surgical procedure to automated PROMs collection alone. As the response rate for adequate
evaluation of a treatment is still unknown it is questionable if these additional costs are justifiable
from a value-based health care perspective.
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Chapter 4

ABSTRACT

Background

Unknown is which response rate on patient-reported outcome measures (PROMs) is needed to
both obtain an accurate outcome and ensure generalizability in evaluating total hip arthroplasty
(THA) procedures. Without an evidence based minimum response rate (MRR) on THA PROMs, it is
possible that hospitals report invalid patient-reported outcomes (PROs) due to a too low response
rate. Alternatively, hospitals may invest too much in achieving an unnecessary high response
rate. The aim of this study is to gain an insight into the MRR on PROMs needed to adequately
evaluate THA procedures from a clinical perspective.

Methods

Retrospective study on prospective collected data of primary, elective THA procedures was
performed. MRR was investigated for each PROM (NRS pain at rest, NRS pain during activity,
EQ-5D-3L, HOOS-PS, anchor function, OHS, anchor pain and NRS satisfaction) separately to
calculate the primary outcome: MRR for the THA PROMs set. MRR on a PROM needed to have
(condition 1.) similar PRO change score (3 month score minus preoperative score) including
confidence interval, (condition 2.) maintaining the influence of each change score predictor and
(condition 3.) equal distribution of each predictor, as those of a100% PROM response rate group.
Per PROM, a100%-group was identified with all patients having the PRO change score. Randomly
assessed groups of 90% till 10% response rate (in total 90 groups) were compared with the
100%-group. Linear mixed model analyses and linear regressions were executed.

Results

The MRR for the THA PROMs set was 100% (range: 70-100% per PROM). The first condition
resulted in a MRR of 60%, the second condition in a MRR of 100% and the third condition in a
MRR of 10%.

Conclusions

A100% response rate on PROMs is needed in order to adequately evaluate THA procedures from
a clinical perspective. All stakeholders using THA PROs should be aware that 100% of the THA
patients should respond on both preoperative and 3 month postoperative PROMs. For now, taking
the first step in improving evaluation of THA for quality control by achieving at least two of the
three conditions of MRR, advised is to require a response rate on PROMs of 60% as the lower limit.
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INTRODUCTION

Total hip arthroplasty (THA) is performed to relieve pain, restore function and improve quality of
life in patients with end-stage osteoarthritis. Patient-reported outcome measures (PROMs) gain
insight into these results from a patients’ perspective. Nowadays, patient-reported outcomes
(PROs) are collected on a large scale to evaluate THAs in hospitals and to compare THA health
care between hospitals. PROs are seen as useful information to reflect on the clinical work
executed as even on clinicians' own executed care to improve patient care.

To draw valid conclusions on these evaluations, a certain response rate on PROMs is needed to
both obtain an accurate outcome and ensure generalizability [1]. This minimum response rate
(MRR), however, is unknown. The PROMs working group of International Society of Arthroplasty
Registries (ISAR) advises a MRR of 60%. They mention that this is only based on the external
difficulties to collect PROs that may be unrelated to survey logistics and the requirement of =60%
for a survey study [2-4], however, without any further scientific evidence.

Since 2014, when THA PROs collection became mandatory in the Netherlands, huge differences
are observed in response rate while comparing outcomes between Dutch hospitals; ranging from
10 to 100% preoperatively and from 2 to 95% at 3 months postoperatively [5, 6]. One might
assume that these differences conceal a high risk of bias affecting the THA evaluation with PROs.

Achieving high PROMs response rate on multiple time points has proven to be even more
challenging [7]. Even though automated collection systems are available, using these systems
alone results in a moderate THA PROMs response rate on multiple time points (51%). A high
response rate (> 90%) can be achieved with extra manual effort as sending paper questionnaires,
but at an extra cost of around €6.0 per patient [7]. From a value-based health care perspective, it
is debatable if these additional costs are justified as the MRR on PROMs for adequate evaluation
of THA is unknown.

Without an evidence based MRR on THA PROMs, it is possible that hospitals report invalid PROs
due to a too low response rate. Alternatively, hospitals may invest too much in achieving an
unnecessary high response rate. Therefore, the aim of this study is to gain an insight into the MRR
on PROMs needed to adequately evaluate THA procedures from a clinical perspective.

METHODS

A single centre retrospective study on prospective collected data from primary elective THA
procedures was performed. THA procedures had been performed between March 2015 and
December 2016 by three experienced high-volume orthopaedic surgeons in medium sized
orthopaedic hospital (Kliniek ViaSana, Mill, the Netherlands). Patients were characterised by
having an American Society of Anaesthesiologists (ASA) score of | or Il, and a body mass index
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(BMI) of =35. Before each THA procedure, patients were informed, and asked to participate in
PROs collection and to allow further scientific analysis using their anonymised data. All patients
gave written informed consent. This study was approved by the district medical ethics committee
(N18.156).

PROs collection

The THA PROMs set included the mandatory PROMs as set out by the Dutch Orthopaedic
Association (NOV) (Table 1) [4]. PROMs were collected preoperatively and at 3 months
postoperatively with maximal effort to achieve 100% response rate [7]. PROs collection was
preferably electronic using a digital, online, automated system (OnlinePROMs, Interactive
Studios, Rosmalen, the Netherlands) with all questions obliged. In case patients were not or
less able to handle a computer, paper questionnaires were sent by postal service. A maximum
of three invitations to complete the questionnaires were sent. Patients with incomplete paper
guestionnaires were followed up by phone to complete all questionnaires [7]. Reasons for missing
data were reported.

Table 1 Required and additional THA preoperative and 3 month postoperative PROMs [4]

THA PROMs set  PROM Preoperative _ > months
postoperative
Pain by Numeric Rating Scale (NRS) - at rest v v

(0 = no pain and 10 = unbearable pain)

Pain by NRS - during activity (O = no pain and v v
10 = unbearable pain)

Quality of life by 3-level version of EuroQol

5 dimensions (EQ-5D-3L) (EQ VAS: O = worst

imaginable health state and 100 = best v v
Required PROMs imaginable health state; EQ-5D descriptive

system: O = dead and 1= healthy)

Physical functioning by Hip disability and

Osteoarthritis Outcome Score-Physical function v v
Short-form (HOOS-PS) (0 = no difficulty and

100 = extreme difficulty) [8,9]

Anchor hip function (1= very much deteriorated v
and 7 = very much improved)

Hip specific function and pain by Oxford Hip
Score (OHS) (0 = least difficulty and 48 = most v v
difficulty) [10]

Additional PROMs  Anchor hip pain (1= very much deteriorated and v
7 =very much improved)

Satisfaction by NRS (O = very dissatisfied and v
10 = very satisfied)

PROMs: patient-reported outcome measures; THA: total hip arthroplasty
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The primary outcome was the MRR on the THA PROMSs set, both required and additional PROMs,
to adequately evaluate the results of THA. From a clinical perspective, evaluating the results of
THA means evaluating the improvement patients made from before THA to a certain moment
after THA. Minimal clinical important difference (MCID) does not yet exist for most THA PROMs,
therefore, the change score was used as the best alternative. Three month change score (3 month
score minus preoperative score) was utilized as this is a part of the Dutch PROMs indicator. Anchor
guestions regarding hip function and pain, and satisfaction question already measure a change,
so these 3 month scores were seen as a change score.

The change score could be influenced by variables reported as predictors in previous studies:
gender [11-13], age on the day of surgery [14-17], BMI [15, 18], Charnley score [11-13], comorbidity
[12,15] and anxiety [13, 19]. If a predictor influences the change score of the total THA patient
group in this study (100% response rate group), this influence should be observed in smaller
groups (lower response rate groups) as well to maintain the effect of the predictor on the change
score. Furthermore, these predictors (for example gender) should exist of the same proportion
(for example females and males) at a lower response rate to maintain a generalizable sample of
the total THA patient group.

Therefore, the MRR was investigated for each PROM total- or subscore separately to calculate
the MRR for the THA PROMs set. The MRR on a PROM needed to have (condition 1.) the similar
change score including confidence interval (Cl), (condition 2.) maintaining the influence of each
change score predictor and (condition 3.) the equal distribution of each predictor as those of a
100% PROM response rate group. Regarding the THA PROMSs set included, only quality of life
measured using the 3-level version of EuroQol 5 dimensions (EQ-5D-3L) existed of two subscores
instead of one totalscore (Table 1).

Besides PROs, patients characteristics including the known THA PROs predictors were assessed.
Gender, age on the day of surgery (years), preoperative BMI (kg/m?), Charnley score (A, B1,
B2, C), comorbidity (yes/no), ASA (I/11), osteoarthritis as diagnosis (yes/no) and complication
(yes/no) were collected from the electronic patient records. Preoperative anxiety was measured
using question 5 of the EQ-5D-3L of which answers 2 (moderately anxious or depressed) and 3
(extremely anxious or depressed) were grouped as having anxiety.

Patient selection

A THA procedure was included when the patient signed informed consent form, was a valid
responder and had a change score on one of the PROMs. A response was considered valid if the
patient responded within the NOV selected time period (preoperative questionnaires: maximum
182 day before surgery; 3 month questionnaires: between 63 and 110 days after surgery) [4].
There were no exclusion criteria.
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Data analysis

Missing items were recalculated to complete the questionnaire if this was allowed according
to the instrument-specific quidelines of the used questionnaires. To investigate if there was
any difference between included and excluded THA procedures in patients characteristics
including the predictors and preoperative PROs, independent t-tests or Mann-Whitney U tests for
continuous variables were executed depending on the normal distribution of the data investigated
using Shapiro-Wilk tests of normality and histograms, or Pearson's chi-square or Fisher's exact
tests for categorical variables. Furthermore, variance patterns with respect to heteroscedasticity
were investigated.

As missing PROs data are rarely MCAR and it was not sure if it was MAR of MNAR, to adopt an
appropriate analytical strategy, three type of strategies were executed and results of the linear
mix model analysis were compared: complete case analysis (MCAR or MAR), multiple impute
missing data analysis with 200 imputations (MCAR or MAR) and sensitivity analyses (MNAR) [2].
These analyses were executed on the HOOS-PS which showed to have the most missing data. As
no big deviations were found, complete case analysis was adapted in further analyses.

For each PROM total- or subscore, a 100%-group was identified with all included patients having
the change score. Of this 100%-group, 10 times a random group of 90%, 10 times a random
group of 80%, and so on for 70%, 60%, 50%, 40%, 30%, 20% and 10% were created (in
total 91 groups). These groups were coded by the response rate and a random group number
(for example 90,02). Linear mixed model analysis was used to assess differences in each PRO
preoperatively and at 3 months postoperatively to investigate the change score of the 100%-
group corrected by the 6 predictors. An unstructured covariance structure for the two repeated
measures was used. This analysis method accounts for baseline differences and dependencies
between repeated measures, and allowing unequal variances across groups. For PROs with one
measurement (anchor questions hip function and pain, and satisfaction), this change score was
analysed executing linear regression. P-values of the 6 predictors were checked. To compare the
change score and the p-values of the predictors with all groups, in each group the same linear
mixed model analysis or linear regression was performed. All group change scores with 95%
Cl or range were visualised in a graph (MRR condition 1). Regarding the predictors, defined was
that 8 or more of the 10 groups of a certain response rate needed to have the same statistically
significant or non-significant level as the 100%-group to be adequate (MRR condition 2).

To compare equal distribution of each predictor in each group to the 100%-group, Pearson's
chi-square or Fisher's exact tests were performed. Defined as adequate was that 8 or more of
the 10 groups of a certain response rate had to have an equal distribution of a predictor (MRR
condition 3). For this step, both age and BMI were transformed to categorical variables. Age was
recorded to 5 groups: < 50 years, 50-59 years, 60-69 years, 70-79 years and =80 years. BMI
was categorised to underweight (= 18.5), normal weight (> 18.5-25.0), overweight (> 25.0-30.0)
and obesity (> 30.0-40.0) [20].

44



Minimum response rate

For all statistical analyses, an alpha of 0.05 was considered statistically significant and IBM SPSS
Statistics 25.0 (IBM Corporation, U.S.) was used.

RESULTS

During the study period 622 THA procedures (592 patients) were performed of which 616 (99.8%)
were valid responders preoperatively and 557 (92.2%) at 3 months. Finally, 552 (88.8%) THA
procedures were included. Main reasons for exclusion were no response preoperative and/or at
3 months postoperatively (n=36 (5.8%)) and a response outside the valid preoperative and/or at
3 month postoperative response period (n=30 (4.8%)). Of the 552 included THA procedures, 474
had all change scores available, the remaining 78 at least one (Fig. 1). No statistical significant
differences regarding patients characteristics and preoperative PROs were found between the
included and excluded THA procedures (Table 2).

Assessed for eligibility

('/ Excluded (n=1) N < =) 4 Exc!uded (n=3) N \
'_- declined participation (n=1) / —h\ - declined further participation (n=2) |
g - deceased (n=1) Y4
v v
Received preoperative Received 3 month
PROM s invitation (n=621) PROM s invitation (n=619) ) ]
p A o = ‘*\\
(" Excluded (n=1) | Excluded (n=36) ",
| . ‘ﬁ > -no response (n=35) )
\-noresponse (n=1) _/ y \ 4 \-poor health (n=1) /
Responders Responders
(n=620) (n=583)
C/Excluded (n=4) / Excluded (n=26) "\
| - responsed outside valid | — » - responsed OL_"[Side valid /s‘
\_response period (n=4) /' A4 A 4 “ESECIEE period (n=267)//
- - Valid responders Valid responders
(n=616) (n=557)
- completed all PROMs (n=594) - completed all PROMs (n=492)
- missed one PROMs (n=22) - missed one PROM (n=33)
- missed more than one PROM (n=32)

| -
[ »/ Excluded (n=5)
¢ "\\— no change score (n:s)/"
Analysed (n=552)
- having all change scores (n=474)

- missed one change score (n=44)
- missed more than one change score (n=34)

Fig. 1 Study flowchart

n: number; PROMs: patient-reported outcome measures
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Table 2 Patients characteristics and preoperative PROs of included and excluded THA procedures

Patients characteristics and preoperative Included THA Excluded THA
PROS procedures procedures p-value
n=552 n=70
ASA classification (II; n (%)) 284 (51%) 28 (40%) 0.071
Age on date of surgery (years; median (IQR)) 66 (60-71) 65 (55-74) 0.805
BMI (kg/m? median (IQR)) 26.00 (23.90-28.41) 26.29 (24.48-28.13) 0.389
Gender (male; n (%)) 209 (38%) 31(44%) 0.298
Diagnosis (osteoarthritis; n (%)) 486 (88%) 60 (86%) 0.575
Charnley score (n (%)) 0.064
A - one hip joint affected 135 (24%) 15 (21%)
B1- both hip joints affected 245 (44%) 23 (33%)
FIi;rzo—tl‘fssnitsra\Iateral hip joint with a total hip 10 (20%) 17 (24%)
C - multiple joints affected 62 (11%) 15 (21%)
Comorbidity (yes, n (%)) 178 (32%) 23 (33%) 0.918
Anxiety (n (%)) 123 (22%) 20 (29%) 0.188
Preoperative NRS pain at rest (median (IQR)) 6 (4-7) 5(4-7) 0.543
fr;eeZ?:;EzTg;)’;le pain during activity 8(7-9) 8(7-9) 0.363
f;‘i%ﬁ’;;a(fg’;)fo'5D descriptive system 0.693(0.310-0.775)  0.693(0.335-0.775)  0.625
Preoperative EQ VAS (median (IQR)) 80 (60-87) 77 (66-85) 0.960
Preoperative HOOS-PS (median (IQR)) 46.1(37.7-55.9) 50.8 (41.7-55.9) 0.341
Preoperative OHS (median (IQR)) 24 (18-29) 24 (17-29) 0.454
Complication (yes, n (%)) 33 (6%) 8 (11%) 0.118

ASA: American Society of Anaesthesiologists; BMI: body mass index; EQ-5D descriptive system: EuroQol 5 dimensions descriptive
system; EQ VAS: EuroQol Visual Analogical scale; HOOS-PS: Hip disability and Osteoarthritis Outcome Score-Physical function
Short-form; NRS: numeric rating scale; OHS: Oxford Hip Score; PROs: patient-reported outcomes; THA: total hip arthroplasty

Missing data

Most of the 78 patients, who had not all change scores, had no HOOS-PS change score due to
missing data in the HOOS-PS 3 month questionnaire (n=59 (10.7%)) or had no EQ VAS change
score due to missing data in the EQ VAS question at 3 months (n=31 (5.6%)). Main reason for
missing data on this HOOS-PS 3 month questionnaire was about the item running. Patients were
advised not to run after THA surgery and the question asked to indicate the degree of difficulty
experienced in performing this activity.

Different strategies for missing data were executed. Mixed model analysis with complete cases
reported a mean HOOS-PS change score of -32.4 (Cl: —34.1-—30.8) (n=480), with multiple imputed
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missing data a mean of —32.5 (Cl: —32.6-—32.4), with imputed worst scores a mean of —33.2 (Cl:
—34.9-—-31.5) (n=552) and with imputed best scores a mean of -29.1 (Cl: —=31.1-=27.1) (n=552).
Maximum difference between these strategies was 4.1 points for the change score resulted in
a 2.1% difference on the HOOS-PS change score scale of =100 to 100. The Cl ranged from 0.2
to 4.0 in size. Only in the analysis with imputed worst scores, the predictor anxiety was not a
significant predictor (p=0.053) and age was (p=0.001). The estimate changes of the predictors
were, however, similar in all analyses. Based on these small differences found, complete case
analysis was adapted in further analyses.

MRR for NRS pain at rest

In the 100% NRS-pain-at-rest-group the mean change score was —4.4 (Cl: —4.6-—4.2) (n=551)
which was no longer similar when the response rate dropped below 30%. Mean change score in
the 20%-groups was —4.4 (Cl: —4.8-—3.9). This score was similar and the Cl was 2.3 times (230%)
greater (0.9 versus 0.4) compared to the 100%-group (Fig. 2; condition 1). Gender (p=0.001),
comorbidity (p=0.041), age (p=0.002) and BMI (p=0.018) were significant predictors in the 100%-
group which remained down to and including the 60%, 100%, 60% and 100%-group respectively.
Charnley score and anxiety remained no significant predictors down to and including the 10%-
groups (condition 2). Equal distributions of all predictors were observed down to the 10%-groups
inclusive compared to the 100%-group (Table 3; condition 3).

100,00

W oM s o

Change score NRS pain at rest

Response rate (%), random subgroup number

—8—Mean —e—Lowerbound —8—Upper bound

Fig. 2 Mean NRS pain at rest change score per group

NRS: numeric rating scale
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MRR for NRS pain during activity

The mean change score of —=5.4 (Cl: =5.6-—5.2) (n=551) found in the 100% NRS-pain-during-
activity-group was observed down to and including the 30%-groups. In the 20%-groups, the mean
change score was —5.4 (Cl: =5.9-—4.9). Compared to the 100%-group, this score was similar and
the Cl was 2.5 times (250%) greater (1.0 versus 0.4) (Additional file 1, Fig. 1; condition 1). Gender
(p=0.000) and age (p=0.000) were significant predictors for this change score in the 100%-group
which remained down to and including the 40% and 60%-groups respectively. BMI remained a
non-significant predictor down to the 100%-group. The other predictors stayed non-significant
predictors in all groups (condition 2). Down to the 10%-groups inclusive, equal distribution of all
predictors was found compared to the 100%-group (Additional file 1, Table 1; condition 3).

MRR for EQ-5D-3L

EQ-5D descriptive system

The mean change score of 0.250 (Cl: 0.225-0.274) in the 100% EQ-5D descriptive system group
(n=544) was observed down to and including the 30%-groups. The 20%-groups reported a mean
change score of 0.249 (Cl: 0.195-0.303). This score differed 0.001 points (0.4%) and the Cl was
2.2 times (220%) greater (0.108 versus 0.049) compared to the 100%-group (Additional file
1, Fig. 2; condition 1). Regarding the significant predictors, gender (p=0.001) was found to be a
significant predictor down to the 50%-groups inclusive, anxiety (p=0.000) to 10%, age (p=0.004)
to 80% and BMI (p=0.019) to 100%. Comorbidity remained a non-significant predictor down to
and including the 60%-groups (condition 2). All predictors were equal distributed down to the
10%-groups inclusive compared to the 100%-group (Additional file 1, Table 2; condition 3).

EQ VAS

The 100% EQ VAS group had a mean EQ VAS change score of 7.1(Cl: 5.3-8.8) (n=521) and showed
to remain similar down to and including the 40%-groups. Mean change score in the 30%-groups
was 7.2 (Cl: 4.0-10.5). Compared to the 100%-group, this score differed 0.1 point (1.4%) and the
Cl was 1.9 times (190%) greater (6.5 versus 3.5) (Additional file 1, Fig. 3; condition 1). Gender
(p=0.001), comorbidity (p=0.003) and anxiety (p=0.000) were significant predictors in the 100%-
group and down to the 70%, 60% and 50%-groups inclusive respectively. The other predictors
remained non-significant predictors in all groups (condition 2). Equal distribution was found down
to and including the 10%-groups for all predictors compared to the 100%-group (Additional file
1, Table 3; condition 3).

MRR for HOOS-PS

The mean change score of the 100% HOOS-PS group was —32.4 (Cl: —34.1-—30.8) (n=480) and
found to be similar down to and including the 40%-groups. The 30%-groups reported a mean
change score of —32.2 (Cl: =35.1-—29.2). This score differed 0.2 points (0.6%) and the Cl was
1.8 times (180%) greater (5.9 versus 3.3) compared to the 100%-group (Additional file 1, Fig. 4;
condition 1). Significant predictors were gender (p=0.000) and anxiety (p=0.003) which both
remained down to the 60%-groups inclusive. Charnley score and BMI stayed non-significant
predictors down to the 60% and 90%-groups inclusive respectively (condition 2). All predictors
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were equally distributed down to and including the 10%-groups compared to the 100%-group
(Additional file 1, Table 4; condition 3).

MRR anchor hip function

The mean anchor hip function was 5.8 (Cl: 5.3-6.2) in the 100%-group (n=540) and showed
to be similar down to and including the 60%-groups. Regarding the 50%-groups, the mean
score was 5.8 (Cl: 5.2-6.4). This score was similar and the Cl was 1.3 times (133%) greater (1.2
vs. 0.9) compared to the 100%-group (Fig. 3; condition 1). In the 100%-group, there were no
significant predictors which remained down to and including the 60%-groups for gender and for
comorbidity, the 90%-groups for BMI and the 10%-groups for the other predictors (condition 2).
Equal distribution was found in all predictors down to the 10%-groups inclusive compared to the
100%-group (Table 4; condition 3).

100,00

Response rate (%), random subgroup number

—e—Mean Lower bound Upper bound

Fig. 3 Mean anchor hip function score per group

50



Minimum response rate

Xapul ssew Apoq :jNg

ol € (o]} L ol 0 6 I 8 0 (o] | (U) %01
(o]} I (o]} 0 (o]} 0 oL 0 8 0 o] | (U) %02
(o]} 4 (o]} 0 oL 0 oL 0 oL 0 o] L (U) %0¢€
oL € oL 0 oL L oL 0 oL 4 o] 0 () %0%
(o]} 4 ol 0 (o]} L oL € oL € ol L () %08
(o]} 0 (o]} 0 oL 0 (o] L o] 0 o]1 0 (U) %09
(o]} 4 ol 0 oL 0 oL 0 o] Z o]1 0 (U) %0.
ol 14 ol 0 (o]} 0 (o] 0 oL I o]} 0 (U) %08
ol 14 ol 0 ol 0 ol 0 oL 0 o] 0 (U) %06
X 1S0°0 X 9610 X €0 X 8¥2°0 X €lo X 6€€°0 6:%?3
%001

£UOIINQLIISIP  ¢1030Ipald  (UOINGLIRSIP  ¢J03dIpaid  cuoiINgLIISIP  &Jojolpald  GUOIINQLIRSIP  ¢1030Ipald  GUOINGRSIP  ¢403d1paid  iuolangliisip &loyarpasd

Jenb3 jueayiubls lenb3 juedyubls Jenb3 juedyubls lenb3 juedyubis lenb3 jueayiubls lenb3 juedubls

InNg aby Ajaixuy Ajip1giowo) Japua 9103s Asjuiey)

uol3ngliisip |enba 1o 103o1paud juediyiubis se su03dipald yym ajed asuodsal 1ad sdnolb uoijouny Joysue Jo JaquinN {7 djqer

51



Chapter 4

MRR for OHS

Inthe 100% OHS group a mean change score of 16.4 (Cl: 15.7-17.1) was found (n=542) and observed
to be similar down to and including the 30%-groups. The 20%-groups had a mean change score
0f 16.0 (Cl: 14.4-17.6). Compared to the 100%-group, this score differed 0.4 points (2.4%) and the
Clwas 2.3 times (230%) greater (3.2 vs.1.4) (Fig. 4; condition 1). Regarding the predictors, gender
(p=0.000), anxiety (p=0.000), age (p=0.016) and BMI (p=0.001) were significant predictors
in the 100%-group which remained down to the 50%, 30%, 100% and 50%-groups inclusive
respectively. Both Charnley score and comorbidity stayed non-significant predictors (condition
2). Down to and including the 10%-groups, all predictors showed to have an equal distribution
compared to the 100%-group (Table 5; condition 3).

v 32
T

Response rate (%), random subgroup number

—e—Mean Lower bound Upper bound

Fig. 4 Mean OHS change score per group

OHS: Oxford Hip Score
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MRR for anchor hip pain

The 100% anchor hip pain group had a mean score of 6.2 (Cl: 5.7-6.5) (n=539) and showed to
be similar down to and including the 50%-groups. The 40%-groups had a mean score of 6.2 (Cl:
5.7-6.6). This score was similar and the Cl was 1.1times (110%) greater (0.9 versus 0.8) compared
to the 100%-group (Additional file 1, Fig. 5; condition 1). Significant predictors of this score were
gender (p=0.040) and comorbidity (p=0.022) in the 100%-group, both remaining significant down
to the 100%-group inclusive. The other predictors stayed non-significant predictors in all groups
(condition 2). Down to and including the 10%-groups, all predictors were equally distributed
compared to the 100%-group (Additional file 1, Table 5; condition 3).

MRR for satisfaction

The mean NRS satisfaction score in the 100%-group was 8.5 (Cl: 7.5-9.3) (n=537) and was
observed to be similar down to and including the 60%-groups. The 50%-groups reported a
mean score of 8.6 (Cl: 7.5-9.4). This score differed 0.1 points (1.2%) and the CI was 1.1 (110%)
greater (1.9 versus 1.8) compared to the 100%-group (Additional file 1, Fig. 6; condition 1). In the
100%-group, gender (p=0.013) and BMI (p=0.029) were significant predictors which stayed down
to and including the 90% and 100%-group respectively. Age and the other predictors remained
non-significant predictors down to the 30% and 100%-group inclusive respectively (condition
2). Compared to the 100%-group, equal distribution was found in all predictors down to the 10%-
groups inclusive (Additional file 1, Table 6; condition 3).

Table 6 MRR for each THA PROM including per complied condition

1.Similar 2.Maintaining 3.Equal

::tA ALLE PROM change inf[uence of distl:ibution of T;?
score (%) predictors (%) predictors (%)
NRS pain at rest 30 100 10 100
NRS pain during activity 30 100 10 100
EQ-5D-3L
Required EQ-5D descriptive system 30 100 10 100
EQ VAS 40 70 10 70
HOOS-PS 40 90 10 90
Anchor hip function 60 90 10 90
Required set 60 100 10 100
OHS 30 100 10 100
Additional Anchor hip pain 50 100 10 100
Satisfaction 60 100 1 100
Total set 60 100 10 100

EQ-5D descriptive system: EuroQol 5 dimensions descriptive system; EQ VAS: EuroQol Visual Analogue Scale; HOOS-PS: Hip
disability and Osteoarthritis Outcome Score-Physical function Short-form; MRR: minimum response rate; NRS: numeric rating
scale; OHS: Oxford Hip Score; PROMs: patient-reported outcome measures; THA: total hip arthroplasty
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MRR for THA PROMs set

To investigate the MRR of the THA PROMs set, summarized: condition 1resulted in a MRR of 60%
(30-60%) for both the total THA PROMSs set as only the required THA PROMs set, condition 2 in
a MRR of 100% (70-100%) respectively and condition 3 in a MRR of 10% (10-10%) respectively.
MRR per PROM ranged from 70 to 100% (Table 6).

DISCUSSION

Gaining an insight into the response rate on PROMs needed to adequately evaluate THA
procedures from a clinical perspective was the aim of this study. Results show that for the
Dutch THA PROMs set a 100% (range: 70% to 100% per PROM) response rate is needed. It was
not possible to lower this MRR of 100% due to not maintaining the influence of each change
score predictor at a lower response rate (condition 2). Still measuring the similar change score
(condition 1) resulted in a MRR of 60% and still maintaining equal distribution of each predictor
(condition 3) in a MRR of 10%.

In many countries, PROs are measured routinely and incorporated into arthroplasty registers.
PROs are evaluated in hospitals, compared between hospitals and even financial incentives are
based on these outcomes. For each hospital as even for each clinician, PROs are seen as useful
information to reflect on the clinical work executed to improve patient care. From a clinical
perspective, for adequate evaluation of THA with PROs a response rate of 100% is needed, shown
by the current study (Table 6). This means that 100% of the THA patients should respond on the
preoperative PROMs as well as on the 3 month postoperative PROMs. However, it is impossible
to achieve this in clinical practice. None of the hospitals reached a 100% response rate on THA
PROMs preoperatively as well as postoperatively; mean reported response rate on both time
points is 37% in the Dutch register and 79% in the Swedish register [6, 21].

A first step inimproving THA evaluation with PROs from a clinical perspective for quality control
can be made by achieving at least two of the three MRR conditions (Table 6). This results in a MRR
of 60% as the lower limit of evaluating THA outcome using PROs meaning 60% of the patients
should be a responder on the preoperative as well as on the 3 month postoperative PROMs.
Advised is to discard PROs collected below 60% to prevent for both invalid in-hospital evaluation
as for invalid comparisons between hospitals. As a consequence, to achieve the lower limit of
60%, ISAR should tighten up their MRR advice and hospitals should increase their response rates
beyond 60% if they are not there yet.

Interestingly, to a certain extent lower response rates are acceptable provided that MCIDs are
evaluated [22]. Comparison between PROs of patients with lumbar discectomy incorporated
into the Swedish spine register with PROs of the same patient population of a single hospital
showed significant different change scores in PROs, but all within the MCIDs [22]. It could be that
in the present study the observed differences in change scores in lower response rate groups
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compared to the 100%-group are still within clinical relevant difference. However, yet no MCIDs
or comparable values are available for most THA PROMs as even the best method to determine
them [23, 24]. One study investigated and reported the 6 month OHS MCID at group level of
around 11 points [25]. Comparing this with the results of the present study, MRR for OHS could
be 10% instead of 30% (Fig. 4). The current study should be repeated when these MCIDs based
on a golden standard method to determine them are known.

Although practice shows difficulties in achieving high response rates, response rates of > 80%
are achievable in orthopaedic patients [7, 26-29]. It is even shown to be feasible to achieve >
90% response rate in busy orthopaedic hospitals, urban and rural, using a digital collection
system without any major disruption to the clinical work flow [29]. As seen in the current study,
ASA classification and Charnley score were almost significant predictors for being a responder
or not. However, achieving high response rates depends more on the method in PROs collection
chosen. Making PROs collection a part of routine care, using a PROMs digital administration
station in the hospital and collecting via multiple sources (for example mail and email) are the
keys to high response rates [7, 27-291. In arthroplasty patients, a critical factor is making sure
PROs are collected preoperatively as it results in a 3 times more chance of collecting the PROs
3 months after surgery and even a 15 times more chance at 12 months [30]. Maintaining high
postoperative response rates is crucial as non-responding patients can introduce bias which
results in incomparable PROs if the non-responders are different than the responders [28, 31]
and missing data are not at random [32]. Therefore, it is advised that hospitals should take the
winners in effort and costs in this method to at least reach the lower limit of 60% response rate.

For this first study tackling the methodological challenge in investigating the required response
rate to ensure THA PROs could be used to adequately evaluate THA procedures from a clinical
perspective, several assumptions had to be made to create a starting point in clarifying this
issue. This study used the change scores at 3 months postoperatively (towards preoperative).
Complexity exists as this study should be repeated for change scores at 12 and 24 months
postoperatively towards preoperative and even at 12 and 24 months postoperatively towards 3
months postoperatively to have a more complete answer. Acquiring a complete PROMs dataset
including also 12 and 24 months results is even more challenging than a dataset including only
preoperative and 3 months results. The method chosen for this challenge was considered as the
only option due to unequal variances and unknown MCIDs. Future research should investigate if
the MCIDs instead of change scores remain similar in lower response rates when these MCIDs are
available. Another assumption made was that all three conditions are of the same value. Future
research should investigate if this is indeed the case. Case-mix is important in investigating
MRR. Based on previous literature, six predictors were incorporated in all three conditions
besides only correcting for them to adjust the change score in condition 1. As case-mix is another
methodological challenge, future research should take the next step in the influence of the case-
mix on the MRR (for example interaction between predictors). As another strength, different
strategies for dealing with missing data were checked to see if there were substantial deviations.
As a limitation, the results of the present study are not completely generalizable as the included

56



Minimum response rate

patients were characterised with ASA I-Il and BMI below 35, which represent around 80% of the
total THA population [20]. Patients with higher ASA classification and a higher BMI mostly score
worse on the THA PROMSs [33]. Adding this group to the study group of the current study will
result in a more heterogeneous patient group. The mean change score will be lower and a larger
Clis expected. It would be harder to comply the MRR conditions in lower response rate groups.
Therefore, the MRR will be higher. Expected is that the more homogeneous the patient group is,
the lower the MRR could be. Therefore, external validation of the results in a variety of hospitals
settings is needed. This study was executed in a medium sized orthopaedic hospital. Another
suggestion for further research is to investigate the minimum response number instead of MRR
(percentage) as hospitals could be small or large in THA volume. Expected is that a combination
of number and percentage is needed.

In general, PROs collection has already begun to yield results. However, there is still much work to
do until significant benefits with respect to evaluating THA and improving patient care are found
[34, 35]. Studies such as the present study are important, since PROs are increasingly transparent
and publicly available while current validity is questionable without sufficient scientific evidence
on the possible effects of (in)complete PROs collection. Health care providers, decision makers
and payers are often unaware of these effects.

CONCLUSIONS

To adequately evaluate THA procedures from a clinical perspective in theory a response rate on
PROMs of 100% is needed. All stakeholders using THA PROs should be aware that 100% of the
THA patients should respond on both preoperative and 3 month postoperative PROMs to measure
similar change scores, to keep the influence of each change score predictor and to maintain
a representative random sample of THA patients. For now, taking the first step in improving
evaluation of THA for quality control, advised is to require that 60% of the THA patients should
be responders on both time points as the lower limit in evaluating THA PROs.
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ADDITIONAL FILE 1

Additional figures and tables

Change score NRS pain during activity
& O

Response rate (%), random subgroup number

—e—NMean Lower bound Upper bound

Fig. 1 Mean NRS pain during activity change score per group

NRS: numeric rating scale
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Fig. 2 Mean change score EQ-5D descriptive system per group

EQ-5D descriptive system: EuroQol 5 dimensions descriptive system
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Fig. 3 Mean EQ VAS change score per group

EQ VAS: EuroQol Visual Analogue Scale

64



Minimum response rate

9]eds Buljel D1JIBWNU SYN !9]8IS dnHOoJRUY |BNSIA [000INT (SYA OF :X3apul ssew Apoq :jNg

o] | ol | oL I 6 L 6 4 oL I (U) %01
o] 0 (o]} 0 6 14 (o] S (o]} 4 oL 0 () %02
o] 0 (o]} 0 oL 8 o] 4 oL 14 oL 0 () %0¢€
o] 0 (o]} 0 oL L o] S oL 9 oL 0 () %0%
o] 0 oL L oL (o]} (o]} 9 (o]} L ol L () %08
ol 0 (o]} L oL (o]} 6 6 oL L o] 0 (U) %09
o]1 0 (o]} 0 oL ol (o]1 6 (o]} (o]1 o] 0 (U) %0.
o] 0 ol L oL ol (o]1 oL ol (o]1 oL 0 (U) %08
o] 0 Ol 0 oL ol (o] oL ol (o] oL 0 (U) %06
X 128°0 X Sv2’0 X 0000 X €000 X 1000 X 22L0 6:%?3
%001

&uonnguisip  ¢103olpaid  iuoingu3sIp  ¢Jojolpaid  cuoinguysip  cJojolpald  Luonanguasip  ¢4o3dlpaid  cuoianguisIp  ¢403d1paid  iuoingusip  ¢lojolpasd

lenb3 juesyiubls lenb3 juedubls Jenb3 jueayiubls lenb3 juedsiiubls Jenb3 juedyubis lenb3 juesyiubls

InNg aby Ajyarxuy Ajip1qiowo) Japuao 9103s Asjuiey)

uolInglJisip |enbs 1o 10321pald juediyiubis se suo3dipald yiim ajed asuodsal 1ad sdnolb SyYA OF 10 JoqWNN € djgeL

65



Chapter 4

o 9 o 9 o
® F 9 © ®

Sd-SOOH 2402s a8uey)

o
*®

=)
o

-100

Response rate (%), random subgroup number

Lower bound Upper bound

—e—Mean

Fig. 4 Mean HOOS-PS change score per group

HOOS-PS: Hip disability and Osteoarthritis Outcome Score-Physical function Short-form
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Fig. 5 Mean anchor hip pain score per group
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Fig. 6 Mean NRS satisfaction score per group

NRS: numeric rating scale
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Chapter 5

ABSTRACT

Background

Joint arthroplasty registries have incorporated patient-reported outcomes (PROs) to evaluate
outcomes from a patients’ perspective to improve total hip arthroplasty (THA). To draw valid
conclusions on PROs, a minimum response rate (RR) of 60% is advised. This study investigated
(1) if the quality of THA health care based on PROs improved over the years in the Netherlands,
(2) if RRs improved over the years, and (3) difference in PROs over the years in hospitals with
RR=60% compared to RR<60%.

Methods

Longitudinal study with publicly available datasets from 2016 to 2019. Primary outcome was
increase/decrease in PRO change scores including 95%Cl ranges over the years between
preoperatively and 3 months postoperatively (pre-3 m), and 12 months postoperatively (pre-12
m). Improved quality of health care was arbitrary defined as when =3 of 4 included scores or
ranges were statistically significant improved. Secondary outcome was increase/decrease in RRs
over the years. Subgroups RR=60% and RR<60% were compared.

Results

Hospitals (%) collecting THA PROs increased from 78 to 92%. EQ VAS change score increased
over the years, and 95%CI ranges of EQ VAS, EQ-5D descriptive system and NRS pain during
activity decreased over the years at pre-3 m (p<0.05). All THA pre-12 m PRO change scores and
95%Cl ranges remained equal (p>0.05). Pre-3 m RR remained equal (around 43%, p=0.107) and
pre-12 m RR decreased 9% (49% to 40%, p=0.008). Pre-3 m subgroup RR=60% was too small to
analyse (5%). No difference was found between pre-12 m subgroups (RR=60% = 16%), p>0.05).

Conclusions

Quality of THA health care based on PROs seems equal in the Netherlands between 2016 and 2019.
Although more hospitals participated in PRO collection, low RRs with large IQRs are observed
and only 16% of the hospitals achieved the advised RR=60%. Multiple recommendations are
provided to improve PRO collection and use.
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INTRODUCTION

Total hip arthroplasty (THA) is an effective treatment for patients with end-stage hip
osteoarthritis. Traditionally, THA is surgically successful if alignment is correct, and the implant
well fixed and stable. The long term outcome is considered optimal if excellent implant survival is
obtained. However, patients are mainly satisfied if their pain is relieved, their function is restored,
their quality of life has improved and they can participate in daily activities. To measure these
outcomes, collection of patient-reported outcomes (PROs) by selected patient-reported outcome
measures (PROMs) has become an internationally accepted method.

Multiple national joint arthroplasty registries have incorporated PROs to evaluate the outcomes
from a patients’ perspective to improve THA health care [1-3]. The Dutch arthroplasty register
(LROI) incorporated PROs of patients diagnosed with hip osteoarthritis since 2014. In the
Netherlands, these PROs are also a mandatory part of a national defined indicator set since
2016. These results are publicly available to create transparency of the delivered care [4]. To
improve health care, hospitals could use these publicly available PROs to benchmark themselves.
Furthermore, surgeons could use these data to inform their patients what to expect of a treatment
and to facilitate shared decision making. Moreover, health insurance companies could use PROs in
their negotiations with hospitals. However, previous studies emphasize that there is no definitive
evidence yet that the goal of improving health care by evaluating PROs is achieved [5-9].

Informing patients on what PRO results to expect, discussing with patients what PRO results
are achieved and proactively following up on deviating PRO results are examples of how to
incorporate PROs in daily practice, which might lead to improved quality of THA health care from
the patients’ perspective.

Collecting PROs to adequately evaluate THAs involves effort and budget [10]. Nowadays,
50% of the worldwide existing national joint arthroplasty registries capture preoperative and
postoperative PROs of the patients [3]. Multiple national joint arthroplasty registries do not
achieve the advised minimum RR of 60% vyet [3, 11, 12]. So, investing effort and budget to collect
these data inits current form could be questioned, especially if it is unclear if the quality of health
care is improved by collecting and using PROs.

It was hypothesized that evaluating PROs will result in improved quality of THA health care from
a patients’ perspective, which should be reflected in better PROs and higher RRs over the years.
Therefore, the primary aim of this study was to investigate if the quality of THA health care from
a patients’ perspective based on PROs improved over the years since the mandatory introduction
of the PROM indicators in the Netherlands in 2016. Secondary aims were to investigate (1) if PROM
RRs improved over the years, and (2) if there was a difference in PROs over the years between
hospitals which achieved the advised minimum RR of 60% compared to hospitals that did not.
Better PROs from hospitals with a RR=60% were expected.
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METHODS

For this longitudinal study, the publicly available Dutch national THA indicator datasets were
downloaded (https://www.zorginzicht.nl/openbare-data/open-datamedisch-specialistische-
revalidatie). Datasets were included from the start of the PROM indicators in 2016 up to and
including 2019. Although the datasets of 2020 and 2021 were available, these datasets were not
included due to unknown effect of the COVID-19 pandemic on the quality of health care.

In case of hospitals with multiple locations, these locations were considered as separate entities.
Hospitals were included when they were present in all included datasets. Reasons for not being
present in all included datasets could be merging of hospitals, bankruptcy or newly hospitals
started up after 2016. Hospitals were excluded when in the data quality rapports, published by
a governmental institution (Zorginstituut Nederland, Diemen, the Netherlands) each year [13],
problems with the data quality was mentioned, for example: two locations of one hospital sent
in the same scores.

Dutch national indicator datasets

The PROM indicators are part of the Dutch national THA indicator dataset. The PROM indicators
are (1) the preoperative response rate, (2) the preoperative score per PROM and (3) the change
scores between preoperative and multiple postoperative measurement time points per PROM [14].
The THA PROM set used is the mandatory PROM set of the Dutch Orthopaedic Association [15].
Hospitals had to collect or upload the PROs for all patients diagnosed with hip osteoarthritis in the
Dutch arthroplasty register (LROI). The Dutch arthroplasty register data scientists calculated the
numbers of the PROM indicators including correction for case mix (gender, age, Charnley score,
smoking, ASA, preoperative PRO and BMI) when calculating change scores. This method was the
same for all hospitals. Hospitals were asked to verify the data, which, after approval, were sent
to Zorginstituut Nederland. This institution published the datasets online.

From these datasets the following data were collected per year, per hospital, per preoperative or
change PROM measurement time point and per PRO: number of THAs with a score, mean score,
95% confidence interval (95%ClI) lower bound and 95%Cl upper bound. Furthermore, per year
and per hospital the number of performed primary THAs, and the number of surgeons performing
these surgeries were collected. The numbers of performed THA and surgeons were based on all
THA patients, not only on patients diagnosed with hip osteoarthritis (85% of all THA patients) [16].

Outcomes

The primary outcome was the increase or decrease in PRO change scores including 95%Cl
ranges over the years. The four included PROs were pain at rest, pain during activity, quality
of life and physical functioning. Pain at rest and pain during activity were both measured using
a Numeric Rating Scale (NRS) question scored from O (no pain) to 10 (severe pain). NRS are
well correlated and sensitive for pain assessment including osteoarthritic knee pain and are
preferred over Visual Analogue Scales by the elderly population [17-19]. A decrease in the score
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was defined as an improvement in these PROs over the years. Quality of life was assessed with
3-level version of EuroQol 5 dimensions questionnaire (EQ-5D-3L) which existed of two subscores:
EQ-5D descriptive system with the highest score 1 defined as healthy, and EQ visual analogue
scale (EQ VAS) scored from O (worst imaginable health state) to 100 (best imaginable health
state) [20]. An increase in both subscores was defined as an improvement in this PRO over
the years. Physical functioning was measured using Hip disability and Osteoarthritis Outcome
Score-Physical Function Shortform (HOOS-PS) on a scale from O (no difficulty) to 100 (extreme
difficulty) [21, 22]. Although HOOS-PS has to be used with care, it was a mandatory PRO from
the 2012 guideline on PRO collection from the Dutch Orthopedic Association [1, 23]. A decrease
in this score was defined as an improvement in this PRO over the years. The 95%CIl range was
calculated by 95%Cl upper bound minus 95%CI lower bound. A decreased 95%Cl range was
defined as an improvement over the years. The included change scores and 95%Cl ranges were
between preoperatively and 3 months postoperatively (pre-3 m), and between preoperatively and
12 months postoperatively (pre-12 m). As a minimal clinically important difference (MCID) is not
available for most PROs [24, 25] and to answer the primary aim based on the same method per
PRO, improved quality of health care over the years was defined as when =3 of the 4 included
PRO change scores or 95%Cl ranges were statistically significant improved over the years. As
the EQ-5D descriptive system and EQ VAS were two subscores of one PROM for one PRO, both
counted for 0.5.

The first secondary outcome was the increase or decrease in PROM RRs over the years. RR
was calculated by dividing the highest number of performed THAs with a PRO preoperative
score or change score by the number of performed THAs multiplied by 0.85 and, thereafter,
multiplied by 100. By multiplying with 0.85 a correction was made for the difference between
the number of performed THAs (all patients) and the number of performed THAs with a PRO
score (patients diagnosed with hip osteoarthritis, 85% [16]). RR was calculated for response
on the preoperative measurement (pre RR), for response on both preoperatively and 3 months
postoperatively measurements (pre-3 m RR), and for response on both preoperatively and 12
months postoperatively measurements (pre-12 m RR). The second secondary outcome was
increase or decrease in PRO change scores including 95%Cl ranges over the years between
hospitals which achieved the advised minimum RR of 60% and hospitals that did not. Per
calculated RR, hospitals were allocated to subgroup RR=60% or subgroup RR<60%. Hospitals
needed to have a RR=60% in all four years for allocation to the subgroup RR=60%.

Statistical analysis

Based on the data quality rapports published by Zorginstituut Nederland, unlikely outliers were
recoded into missing values. Statistical analyses were performed using SPSS version 26.0 (IBM
Corp, Armonk, New York). Results were reported in mean and standard deviation (SD), median
and interquartile range (IQR) or number (n) and percentage (%) based on the test performed.

Differences in the number of performed THAs and the number of surgeons performing these
surgeries between included and excluded hospitals were investigated. Distribution of the data
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was investigated using Shapiro-Wilk tests of normality. Mann-Whitney U tests were used for these
non-parametric distributed data.

Of the included hospitals, for each PRO at pre-3 m or pre-12 m, normal distribution of the change
score and 95%Cl range were investigated using Shapiro-Wilk tests of normality. For the primary
aim change score and 95%Cl range of each PRO at pre-3 m or pre-12 m were analysed on the
overall rate of increase or decrease over the years using linear mixed model analyses. For the
secondary aims linear mixed model analyses were executed to investigate the overall rate of
increase or decrease of PROM RR over the years for each RR, and to investigate the overall rate
of increase or decrease of each PRO change score and 95%ClI range between both subgroups.
When the percentage of included hospitals in the subgroups RR=60% or RR<60% were below
10%, these analyses were not executed. The linear mixed model analyses included correction for
differences between included and excluded hospitals. Continuous variables were centralized to
create a more interpretable intercept.

RESULTS

Between 2016 and 2019 124,810 THAs were implanted. In these four years THA data of 109
unique hospitals were published. This number of 109 is partly based on merging hospitals and
new hospital registrations. The number of hospitals per year was rather constant: mean 92
hospitals per year (2016: 92, 2017: 95, 2018: 91, 2019: 90). The number of hospitals collecting PROs
increased from 72 (72/92, 78%) in 2016 to 83 (83/90, 92%) in 2019. Median pre RRs were between
55% (IQR 39%) and 70% (IQR 38%), median pre-3 m RRs were between 36% (IQR 32%) and 48%
(IQR 33%) and median pre-12 m RRs were between 41% (IQR 43%) and 48% (IQR 55%) (Fig. 1).

Included hospitals

Out of mean 92 hospitals per year, 73 (79%) hospitals were included for further analyses. Main
reason for exclusion was that no data was available in one or more years (21%). Most of these
hospitals (12%) missed more than one year of data. Included hospitals performed statistically
significant more THAs by statistically significant more surgeons compared to excluded hospitals
(THAs: 352 (240-503) versus 147 (36-238), p<0.001; surgeons: 5 (4-7) versus 3 (2-5), p<0.001).

Main results

Of the 4 THA PRO change scores and 95%Cl ranges at pre-3 m, EQ VAS change score increased
over the years (0.5 of 4) (p=0.008) defined as EQ VAS change score improved over the years.
The 95%Cl ranges of EQ-5D-3L (both EQ VAS and EQ-5D descriptive system) and NRS pain during
activity decreased over the years (2 of 4) (all p<0.001) defined as these 95%Cl ranges improved
over the years. All THA PRO change scores and 95%Cl ranges remained equal over the years at
pre-12 m (p>0.05) (Table 1).
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Fig. 1 Hospitals which collected THA PROs, and THA PROM RR per measurement time point per
year

In 2016, pre-12m RR data was not available yet.

Pre = preoperative; Pre-12 m = between preoperatively and 12 months postoperatively; Pre-3 m = between preoperatively and
3 months postoperatively; PROs = patient-reported outcomes; RR = response rate; THA = total hip arthroplasty

The pre-3 m RR remained equal (p=0.107) and pre-12 m RR decreased over the years (p=0.008)
(Fig. 2). At pre-3 m the subgroup RR=60% was too small (n=4, 5%) to answer the second
secondary study aim. At pre-12 m the subgroup RR=60% (16%) reported equal PRO change
scores and 95%Cl ranges over the years compared to the subgroup RR<60% (p>0.05) (Table 2).

Detailed results: PRO change score and 95%Cl range

At pre-3 m EQ VAS change score increased statistically significant over the years (intercept: 10.67
(9.47-11.87), 2016: —2.25 (—3.69 to —0.81), 2017: —1.52 (=2.91to —0.14, 2018: 0.09 (-1.03-1.21),
2019: 0; p=0.008). Furthermore, EQ VAS 95%CI range significantly decreased over the years
(intercept: 6.44 (5.48-7.41), 2016: 10.61 (6.50-14.72), 2017: 1.98 (0.61-3.36), 2018: 0.54 (—0.18-
1.26), 2019: 0; p<0.001). EQ-5D descriptive system 95%Cl range significantly decreased over the
years (intercept: 0.107 (0.087-0.127), 2016: 0.080 (0.036-0.123), 2017: 0.015 (=0.016-0.045),
2018: 0.015 (—=0.006-0.035), 2019: 0; p<0.001). For NRS pain during activity, the 95%Cl range
significantly decreased over the years (intercept: 0.74 (0.64-0.83), 2016: 0.82 (0.41-1.24), 2017:
0.30 (0.05-0.55), 2018: 0.11 (0.06-0.17), 2019: 0; p<0.001). All PRO change scores and 95%(Cl
ranges remained equal over the years at pre-12 m (Table 1).
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Fig. 2 THA PROM RR per measurement time point per year of included hospitals

In 2016, pre-12m RR data was not available yet.

Pre-12 m = between preoperatively and 12 months postoperatively; Pre-3 m = between preoperatively and 3 months
postoperatively; RR = response rate; THA = total hip arthroplasty

Detailed results: PROM response rate

The number of hospitals collecting THA PROs increased from 55 (75%) in 2016 to 67 (92%) in
2019. The pre-3 m RR remained equal over the years (around 43%, p=0.107). The pre-12 m RR
statistically significant decreased over the years from 49% (IQR 56%) in 2017 to 40% (IQR 43%)
in 2019 (intercept: 43.96 (37.65-50.27), 2017: 8.00 (0.87-15.13), 2018: 0.08 (—4.82-4.98), 2019:
0; p=0.008) (Fig. 2).

Detailed results: subgroup response rate =60% compared to subgroup response rate <60%
The subgroup RR=60% comprised of a minimum of 8 (11%) to a maximum of 22 (30%) hospitals
per year at pre-3 m, and a minimum of 22 (30%) to a maximum of 27 (37%) hospitals per year at
pre-12 m. In total 4 (5%) hospitals reached RR=60% all years at pre-3 m and 12 (16%) hospitals
all years at pre-12 m. At pre-3 m the subgroup RR=60% was too small to answer the second
secondary study aim. At pre-12 m all PRO change scores and 95%Cl ranges remained equal over
the years between both subgroups (p>0.05). In each year median PRO 95%Cl ranges were smaller
in the subgroup RR=60% compared to the subgroup RR<60% (Table 2).
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DISCUSSION

The primary aim of this study was to investigate if the quality of THA health care from a patients’
perspective based on PROs improved over the years since the mandatory introduction of the
PROM indicators in the Netherlands in 2016. Secondary aims were to investigate (1) if PROM
RRs improved over the years, and (2) if there was a difference in PROs over the years between
hospitals which achieved the advised minimum RR of 60% compared to hospitals that did not.
Main results show that of the 4 THA PRO change scores, only EQ VAS change score improved over
the years (0.5 of 4) at pre-3 m. Regarding their 95%Cl ranges, EQ VAS, EQ-5D descriptive system
and NRS pain during activity improved over the years (2 of 4). At pre-12 m all THA PRO change
scores and 95%Cl ranges remained equal over the years. These results mean that since the
mandatory introduction of the PROMs the quality of THA health care from a patients’ perspective
based on PROs remained equal at both pre-3 m and pre-12 m (<3 of 4). Although the percentage
of hospitals collecting PROs increased, low RRs with large IQRs were observed. The pre-3 m RR
remained equal and, disappointingly, the pre-12 m RR decreased over the years. At pre-3 m the
subgroup with sufficient PROs at all years (RR=60%) was very small (5%) hampering the second
secondary aim. Interestingly, at pre-12 m this subgroup (16%) reported equal PRO change scores
and 95%Cl ranges over the years compared to the subgroup without sufficient PROs (RR<60%).

The quality of THA health care from a patients’ perspective based on PROs remained equal
over the years in the Netherlands between 2016 and 2019, while improvement of quality of
health care is the desirable direction. Maybe more years are needed to achieve a detectable
improvement. However, a previous single center cohort study on twenty year data of Dutch THA
patients executed trends over time analyses and also reported, in general, no improvement over
time [26]. Interestingly, in the present study, two PRO 95%Cl ranges (EQ-5D-3L (both EQ VAS
and EQ-5D descriptive system) and NRS pain during activity) decreased over the years at pre-3
m. Decreased 95%CI ranges mean smaller 95%CI ranges, so less positive and negative outliers,
which could be interpreted as an improvement. However, decreased 95%CI ranges could also
be the result of more hospitals collecting PROs as more data generally results in smaller 95%Cl
ranges [27].

The statistical power of large datasets, as is common in data retrieved from national joint
registries, has inherent pitfalls. This includes the possibility of reaching statistical significance
for a score difference, with this score difference being (much) smaller than the minimal clinical
relevant difference, which is the only relevant outcome from the perspective of the patient.

It was hypothesized that PRO collection and transparency of PROs lead in PRO evaluation, which
will result in improved future PROs and subsequently improved health care. However, it remains
unknown if hospitals use the collected PROs to evaluate (and improve) health care. Collection is
mandatory, however, using aggregated or individual PROs in daily practice to evaluate THA health
care is not. For evaluation an intrinsic motivation of surgeons, hospitals and other stakeholders
is needed [28]. The Dutch Orthopaedic Association uses implant information from the Dutch
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arthroplasty register (LROI) for an outlier analysis including conversations with hospitals if
needed [29, 30]. It is recommended to include an outlier procedure on PROs and RRs. If hospitals
only collect to comply with mandatory PRO collection, no better understanding of the patients’
perspective nor improvement of quality of health care will be likely, while the costs and burden
involved with PRO collection remain.

With and without excluded hospitals, low median pre-3 m RRs and pre-12 m RRs (<49%) were
observed which indicates low quality of PRO data. Improvement is seen in the percentage of
hospitals collecting PROs (around 15%). However, of the included hospitals, pre-12 m RR decreased
9% over the years which is worrisome. Besides the low RRs, large IQRs (56%) were observed.
This reveals a large diversity in PRO collection in the Netherlands. To comply with mandatory
PRO collection for registries and the Dutch PROM indicators, hospitals need a minimum RR of
only 1%. However, there is evidence that for a sufficient evaluation of THAs a minimum RR of
60% is advised [11,12]. A first exploration by the present study shows that hospitals achieving this
60% at pre-12 m have equal PRO change scores and 95%Cl ranges over the years compared to
hospitals that do not. Interestingly, PRO 95%CI ranges seem twice as small for hospitals with a
RR=60%. This indicates that less outliers are expected in hospitals achieving RR=60%. However,
these results are based on aggregated scores per hospital per year. Further analyses on individual
scores per patient per hospital per year are needed before conclusions on differences between
hospitals achieving RR=60% and RR<60% could be made.

The low quality of PRO data based on RR is a point of concern. Only 5% of the hospitals achieved
the advised RR=60% at pre-3 m and only 16% at pre-12 m. Therefore, it is questionable if a
conclusion on quality of THA health care from a patients' perspective based on PROs over the
years could be made. Continuing PRO collection in its current form, including the involved effort
and costs, might not be justifiable from an ethical and value based health care perspective.

So, in what direction should PRO collection and use develop to improve quality of THA health care
from a patients’ perspective? Firstly, investigate if stakeholders use collected PROs to evaluate
THA health care. It is assumed that if PROs are made available, they will be used. However, studies
examining this assumption have found limited use of PROs. Main reasons according to surgeons
are a lack of knowledge on how to use PROs in daily health care, the perception that PROs do
not provide actionable information, and because gathering and handling of PROs add work to
an already busy schedule [31, 32]. In addition, orthopaedic surgeons state that using PROs on
an individual patient level is difficult based on logistical barriers (access and display issues,
time required) and perceptual barriers (concerns about patients understanding, and validity and
reliability of measures). They prefer to talk with patients about personal outcomes. However, they
mention that using PROs on an aggregated level is valuable for hospitals and individual surgeons
[33]. Secondly, support stakeholders to evaluate THA outcomes from a patients’ perspective
using the already existing multiple examples and recommendations how to use the PROs [34, 35].
Thirdly, investigate how all stakeholders rate the quality of THA health care provided today. Of
course, improvement is always desirable, however, there might be a consensus that the delivered
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quality is of such a high level that improvement is unlikely or that the desired improvement is
not value-based. Fourthly, increase the RRs to at least 60% to improve the data quality. Multiple
recommendations to improve RRs already exist [10, 36-42]. Fifthly, evaluate the set aim(s) of
PROs. Maybe the goal of improving health care from a patients’ perspective is not achievable
or not formulated well. Each aim sets different requirements for the PRO(M)s, time points of
collecting PROs and statistical analysis. The primary aim is the basis. Although PROMs are the
gold standard to measure outcomes from a patients' perspective at this moment, maybe other
instruments are needed to achieve the goal set. These five points need to be part of a coordinated
effort of all stakeholders to improve PRO collection and use.

As a strength of the present study, a first exploration is presented on the goal of improving THA
health care by evaluating outcomes from a patients' perspective in the Netherlands. Moreover,
as the Dutch arthroplasty registry reported comparable results to multiple other national joint
arthroplasty registries [3], similar results are expected for PRO collection in other countries
around the world. In a previous review of registry based studies reporting PRO response rates
there was also concern on the large variation and downward trend of PROM response rates [43].
Furthermore, each year the same method for the calculated data in the used public available
datasets was used including correction for case mix. As a limitation, due to these used public
available datasets, data on if hospitals use the collected PROs to evaluate and, if necessary,
to improve their health care were missing. Moreover, only aggregated data of hospitals were
available. Furthermore, as a MCID is not available for most PROs [24, 25], the authors needed
to define improved quality of health care over the years from a statistical perspective. Future
studies should focus on if stakeholders use collected PROs to evaluate THA health care, how all
stakeholders rate the quality of health care provided today and if other instruments instead of
PROMs are needed to achieve the goal of improving health care from a patients’ perspective.

CONCLUSIONS

The quality of THA health care from a patients’ perspective based on PROs seems equal in
the Netherlands between 2016 and 2019. Although the percentage of hospitals collecting THA
PROs increased, low RRs with large IQRs reveal a large diversity in PRO collection. Only 16% of
the Dutch hospitals have sufficient PROs to evaluate THAs from a patients' perspective at 12
months (RR=60%). Based on these observations, it is questionable if a conclusion on quality of
THA health care based on PROs could be made. Similar results are expected for PRO collection
in other countries around the world. Multiple recommendations are provided to improve PRO
collection and use. A coordinated effort of all stakeholders should be initiated to improve PRO
collection and use.
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Chapter 6

ABSTRACT

Background

Medial unicompartmental knee arthroplasty (UKA) has excellent survival rates using one of
the two implant designs: mobile bearing (MB) or fixed bearing (FB). There is a lack of studies
comparing patient-reported outcomes (PROs) of both implants. This study aimed to document
and compare PROs of MB UKA to FB UKA at 6,12 and 24 months after surgery.

Methods

A single high-volume surgeon, retrospective cohort study with prospectively collected data of two
groups of UKA patients, witha MB (n = 66) or FB (n = 97) implant. Primary outcome was patient
satisfaction (0-10; NRS). Secondary outcomes were pain at rest (NRS), pain during activity (NRS),
function (OKS, KOOS-PS), quality of life (EQ-5D-3L), anchor pain, anchor function and anchor
recovery. PROs were collected 6, 12 and 24 months postoperatively. The complication rate and
revision rate within one year after surgery were recorded.

Results

For the MB group, the median NRS satisfaction score was 9.0 (8.0-10.0) compared to 9.0 (8.0-9.5)
for the FB group at 6 months (p = 0.620). Similar scores were found at 12 and 24 months; both
MB 9.0 (8.0-10.0) and FB 9.0 (8.0-10.0) (p = 0.556 and p = 0.522, respectively). There were
no statistically significant differences between MB and FB groups in all secondary outcomes
postoperatively.

Conclusion

Medial UKA performed by a high-volume surgeon, using a MB or a FB implant, results in excellent
patient satisfaction, pain relief, functional improvement and quality of life improvement at 6, 12
and 24 months after surgery. The recommendation and use of one over the other is not justified
based on the outcomes in the current study.
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INTRODUCTION

Medial unicompartmental knee arthroplasty (UKA) can be a successful treatment option for
patients with end-stage medial knee osteoarthritis (OA). With strict patient selection and accurate
implant positioning, excellent results can be achieved [5].

Two different implant designs for UKA are used, those with a mobile bearing (MB) and a fixed
bearing (FB). Each implant has its reported advantages and disadvantages; excellent functional
outcomes, implant survival rates and complication rates for both (MB and FB) have been reported
[6,16, 32, 36, 38]. Most studies, however, do not specifically mention surgeon volume [6, 16, 321].
Revision rate appears to be affected by surgeon volume [24, 25].

From patient's perspective the revision rate might not define the procedure’s success or failure,
but rather being satisfied with the outcome, and experiencing pain relief, functional improvement
and improvement in quality of life [7, 14, 21, 39]. Previous studies that compared these patient-
reported outcomes (PROs) of both MB and FB implants mainly focused on functional outcome and
used many different patient-reported outcome measures (PROMs) to investigate the outcome [6,
16, 32]. International and national institutions, such as the Dutch Orthopaedic Association (NOV),
advise which PROMs should be used to evaluate outcomes in knee arthroplasty health care [31].
There is, however, a lack of studies that compare MB and FB implants using PROs on patient
satisfaction, pain and quality of life; measured with PROMs advised by these institutions. These
outcomes are of potential use in shared decision making between surgeon and patient, and in
making recommendations to orthopaedic surgeons and other stakeholders on implant choice.

Therefore, the aim of this study was to document and compare PROs of MB UKA to FB UKA
at 6, 12 and 24 months after surgery. The primary outcome was patient satisfaction and the
secondary outcomes were pain, function, quality of life, complication rate and early revision
rate. It is hypothesized that both implant designs would offer similar patient satisfaction score.

METHODS

A single-centre, single-surgeon, retrospective study with prospectively collected data was
performed at a medium-sized orthopaedic hospital. Patients characterized with an American
Society of Anaesthesiologists (ASA) score of I-1l, a body mass index (BMI) of = 35 and a plan to
undergo primary medial UKA between January 2016 and March 2018 were enrolled. Surgeries
were performed by a high-volume (mean 90 UKAs per year; 3 UKAs out of 10 knee arthroplasty
surgeries per year) [24, 25], non-designer, orthopaedic surgeon (JMB). All surgeries were
performed under spinal anaesthesia and a tourniquet was used.

From February 2016 to December 2016, an MB implant (MB group) and from January 2017 to
March 2018, a FB implant was used (FB group) as a constructive series. All patients in both groups

95



Chapter 6

met the Oxford criteria for UKA. These criteria include debilitating knee pain combined with end-
stage isolated anteromedial OA (Kellgren Lawrence grade 4 [19]), retained full thickness of the
cartilage in the lateral compartment, fixed flexion contracture <10°, correctable varus deformity
of <10°, and intact cruciate and medial collateral ligaments [13]. Patients were included in this
study if they signed the informed consent form preoperatively to allow further scientific analysis
using their anonymised data. There were no exclusion criteria.

Implants

Standard surgical technique as described by the manufacturer was used. The MB implant has
a mobile polyethylene insert whereas the polyethylene insert of the FB implant is fixed to the
tibial baseplate. The MB implant used was the Phase Il cementless Oxford UKA (ZimmerBiomet
Ltd., Bridgend, UK). The FB implant used was the Physica ZUK UKA (LIMA Corporate UD, Italy).

Outcomes and measurements

Primary outcome was patient satisfaction at 6, 12 and 24 months, measured using a Numeric
Rating Scale (NRS) for satisfaction (0-10, O dissatisfied to 10 very satisfied). The question asked
was ‘How satisfied are you (in general) with the results of your knee surgery?'. Secondary
outcomes were pain at rest, pain during activity, function, quality of life, anchor pain, anchor
function and anchor recovery at 6, 12 and 24 months, and complication rate and revision rate
within 12 months. Pain at rest and pain during activity were assessed using NRS pain (0-10, O
no pain to 10 worst possible pain) [15]. Function was measured using the Oxford Knee Score
(OKS; 0-48, 0 most severe symptoms to 48 least severe symptoms) [8], and the Knee injury and
Osteoarthritis Outcome Score Physical Function Short Form (KOOS-PS; 0-100, 0 no difficulty to
100 extreme difficulty) [33]. Quality of life was assessed using the 3-level version of EuroQol 5
Dimensions (EQ-5D-3L) consisting of two parts: EQ visual analogue scale (EQ VAS; 0-100, O worst
imaginable health state to 100 best imaginable health state) and EQ-5D descriptive system [9].
Anchor questions on pain (1-7, 1 very much deteriorated to 7 very much improved), function (1-7,
1 very much deteriorated to 7 very much improved) and recovery measured using the general
perceived recovery questionnaire (GPR; 0-6, O worse than ever to 6 fully recovered) [18] were
asked. Complications and revisions within 12 months were collected from the electronic patient
records.

These PROMs and time points (preoperatively, and 6, 12 and 24 months postoperatively) are
set out as mandatory by the NOV [28]. All PROs were collected using a digital, online system
(OnlinePROMSs, Interactive Studios, Rosmalen, The Netherlands). After registration in this system,
patients received invitations by email to complete the questionnaires. In case a patient was not
able to handle a computer, invitations were sent by mail. Two reminders were sent in case of
non-response.
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Patient characteristics

Age [20, 23, 38], gender, BMI, ASA scores, Charnley scores and the side of the surgery were
collected from the electronic patient records. Preoperative pain, function [22], quality of life [12,
22] and anxiety were recorded, using the preoperative questionnaire sent by the PROs collection
system. Anxiety was assessed using question 5 of the EQ-5D-3L, answers were combined into
anxious ('l am moderately anxious' and ‘| am very anxious') and not anxious.

No statistically significant differences were found in the patient characteristics between the MB
and FB groups (Table 1). Response rate on the preoperative PROMs was 100% in both groups.

Table 1 Patient characteristics

MB group (n = 66) FB group (n = 97) p value

Demographic
Age (years) [mean (SD)] 61.4 (7.8) 61.2 (7.7) 0.831
Gender—-male [n (%)] 35(53.0) 54 (55.7) 0.740
BMI (kg/m?) [median (IQR)] 26.0 (24.3-30.9) 27.8 (24.9-31.3) 0.134
ASA score=I [n (%)] 38 (57.6) 49 (50.5) 0.375
Charnley score [n (%)] 0.157

One knee affected with OA 32 (48.5) 90 (55.2)

Both knees affected with OA 15 (22.7) 37 (22.7)

Contra lateral KA 17 (25.8) 29 (17.8)

Multiple joints affected with OA 2(3.0) 7(4.3)
Localisation-L [n (%)] 33 (50.0) 48 (49.5) 0.948
PROs preoperatively
NRS pain score [median (IQR)]

At rest 5.0 (3.0-7.3) 6.0 (3.0-7.0) 0.571

During activity 8.0 (7.0-9.0) 8.0 (6.0-9.0) 0.270
OKS [mean (SD)] 25.0 (8.6) 25.7 (7.0) 0.586
KOOS-PS score [median (IQR)] 47.3 (40.3-57.9) 44.0 (40.3-54.4) 0.338
EQ-5D-3L [median (IQR)]

EQ-5D descriptive system 0.775 (0.298-0.783) 0.775 (0.651-0.775) 0.907

EQ VAS 80.0 (75.0-90.0) 80.0 (70.0-90.0) 0.563
Anxiety [n (%)] 1(16.7) 18 (18.6) 0.757

MB mobile bearing implant, FB fixed bearing implant, SD standard deviation, BMI body mass index, kg/m? kilogramme per
square metre, IQR interquartile range, ASA American Society of Anaesthesiologists score, OA osteoarthritis, KA knee
arthroplasty, L left, PROs patient-reported outcomes, NRS Numeric Rating Scale, OKS Oxford Knee Score, KOOS-PS Knee
Injury and Osteoarthritis Outcome Score Physical Function Short Form, EQ-5D-3L EuroQol 5 dimensions 3-level version, EQ
VAS EuroQol Visual Analogue Scale
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Flowchart

A total of 163 patients planned to undergo primary medial UKA met the inclusion criteria. Of
these 163 patients, 66 were allocated to the MB group and 97 to the FB group. Two (3.0%)
patients in the MB group were lost to follow-up, declining further participation after 6 months

and deceased after 12 months. One (1.0%) patient in the FB group was lost to follow-up after 12

months, declining further participation. Analysis was performed on 66 patients in the MB group

and 97 in the FB group (Fig. 1).

Patients planned for
primary medial UKA

(n=163) ]
Excluded (n=0)

Received preoperative
questionnaire (n=163)

‘ - Responders (n=163)
[
Patients underwent
primary medial UKA

(n=163)

. Alocation |

MB group (n=66)

FB group (n=97)

|

Received 6 months
postoperative questionnaire

(n=66)
Lost to follow-up (n=1) - Responders (n=58)
- Declined further —

participation (n=1) Received 12 months
postoperative questionnaire
(n=65)
- Responders (n=59)

|

Received 6 months
postoperative questionnaire
(n=97)

- Responders (n=90)

1

Received 12 months
postoperative questionnaire
(n=97)

- Responders (n=93)

Lost to follow-up (n=1)
- Deceased (n=1) %/

Received 24 months
postoperative questionnaire
(n=64)

- Responders (n=60)

\L—

Received 24 months

Lost to follow-up (n=1)
- Declined further
participation (n=1)

postoperative questionnaire
(n=96)
- Responders (n=89)

Analysed (n=66)
- 12 months (n=65)
- 24 months (n=64)

|

Analysed (n=97)
- 24 months (n=96)

Fig. 1 Flowchart

UKA unicompartmental knee arthroplasty, MB mobile bearing implant, FB fixed bearing implant

Ethics

All patients signed informed consent to allow further scientific analysis using their anonymised

data and thus the institutional review board of Kliniek ViaSana deemed that formal approval was

not required for this study (2018-11).
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Statistical analysis

Results were reported in mean and standard deviation (SD), median and interquartile range
(IQR) or number (n) and percentage (%) based on the test performed. To investigate if there was
any difference in patient characteristics between both groups preoperatively and to compare
both groups on the postoperative outcomes, first continuous variables were checked for normal
distribution. Second, independent t tests or Mann-Whitney U tests for continuous variables were
executed depending on the normal distribution of the data or Pearson’s Chi square or Fisher's
exact tests for categorical variables. An alpha of 0.05 was considered statistically significant.
Statistical analysis was performed using IBM SPSS Statistics version 25.0 (IBM Corp, Armonk,
New York). A post hoc power analysis (sample size calculation) was not performed as it would
have no meaning in a retrospective study design. Especially if non-significant p values were found
between both groups as these p values always correspond to a low post hoc power. At best, this
power will be slightly larger than 50% for p values = 0.05 [31].

RESULTS

The postoperative PROMs response rate was 87.8% (n = 58) and 92.8% (n = 90) at 6 months,
90.8% (n =59) and 95.9% (n = 93) at 12 months, and 93.8% (n = 60) and 92.7% (n = 89) at 24
months for the MB and FB groups, respectively (Fig. 1).

For the MB group the median NRS satisfaction score was 9.0 (8.0-10.0) compared to 9.0 (8.0-9.5)
for the FB group at 6 months (p = 0.620). Similar scores were found at 12 and 24 months; MB
9.0 (8.0-10.0) and FB 9.0 (8.0-10.0) (p = 0.556), and MB 9.0 (8.0-10.0) and FB 9.0 (8.0-10.0)
(p = 0.522), respectively. There were no statistically significant differences found between groups
in all secondary outcomes at 6, 12 and 24 months (Table 2). In the MB group, there was 1 (1.5%)
complication: 1deep infection. In the FB group, 2 (2.1%) complications occurred: 1 deep infection
and in one patient, bone cement debris was removed. Both knees with a deep infection were
treated with debridement and implant retention, in both further follow-up was uneventful and
outcome was not different.
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Table 2 Outcomes in the MB and FB groups 6, 12 and 24 months postoperatively

MB group FB group p value

6 months postoperatively (n =66) (n=97)
NRS satisfaction score [median (IQR)] 9.0 (8.0-10.0) 9.0 (8.0-9.5) 0.620
NRS pain score [median (IQR)]

At rest 0.0 (0.0-2.0) 1.0 (0.0-2.0) 0.442

During activity 2.0 (0.0-4.0) 2.0 (1.0-3.0) 0.879
OKS [median (IQR)] 42.0 (38.0-45.0) 41.0 (36.0-45.0) 0.487
KOOS-PS score [mean (SD)] 25.0 (11.9) 27.9 (11.8) 0.153
EQ-5D-3L [median (IQR)]

EQ-5D descriptive system 0.895 (0.807-1.000) 0.897 (0.807-1.000) 0.852

EQ VAS 86.5 (75.0-90.8) 82.0 (75.0-91.5) 1.000
Anchor question [median (IQR)]

Pain 6.0 (6.0-7.0) 6.0 (6.0-7.0) 0.645

Function 6.0 (6.0-7.0) 6.0 (6.0-7.0) 0.438

GPR 5.0 (5.0-6.0) 5.0(5.0-5.5) 0.441
12 months postoperatively (n =65) (n=97)
NRS satisfaction score [median (IQR)] 9.0 (8.0-10.0) 9.0 (8.0-10.0) 0.566
NRS pain score [median (IQR)]

At rest 0.0 (0.0-1.0) 0.0 (0.0-2.0) 0.193

During activity 1.0 (0.0-3.0) 1.0 (0.0-3.0) 0.832
OKS [median (IQR)] 43.0 (38.0-46.0) 44.0 (37.0-46.0) 0.774
KOOS-PS score [median (IQR)] 24.9 (14.8-29.7) 27.5 (14.8-35.3) 0.306
EQ-5D-3L [median (IQR)]

EQ-5D descriptive system 1.000 (0.775-1.000) 1.000 (0.811-1.000) 0.366

EQ VAS 82.5(78.0-90.0) 80.0 (74.8-90.0) 0.714
Anchor gquestion [median (IQR)]

Pain 6.0 (6.0-7.0) 6.0 (6.0-7.0) 0.807

Function 6.5 (6.0-7.0) 6.0 (6.0-7.0) 0.602

GPR 5.0 (5.0-6.0) 5.5 (5.0-6.0) 0.343
Complication rate [n (%)] 1(1.5) 2.0 1.000
Revision rate [n (%)] 0(0.0) 0(0.0) 1.000
24 months postoperatively (n = 64) (n =96)
NRS satisfaction score [median (IQR)] 9.0 (8.0-10.0) 9.0 (8.0-10.0) 0.522
NRS pain score [median (IQR)]

At rest 0.0 (0.0-1.8) 0.0 (0.0-1.0) 0.826

During activity 1.0 (0.0-3.0) 1.0 (0.0-3.0) 0.710
OKS [median (IQR)] 44.0 (38.3-46.0) 44.0 (39.0-47.0) 0.882
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Table 2 Outcomes in the MB and FB groups 6, 12 and 24 months postoperatively (continued)

MB group FB group p value

KOOS-PS score [median (IQR)] 24.9 (10.5-33.2) 22.00 (14.8-31.8) 0.580
EQ-5D-3L [median (IQR)]

EQ-5D descriptive system 0.949 (0.807-1.000) 1.000 (0.819-1.000) 0.351

EQ VAS 84.0 (71.8-90.0) 81.0 (76.0-91.0) 0.517
Anchor question [median (IQR)]

Pain 6.0 (6.0-7.0) 6.0 (6.0-7.0) 0.246

Function 6.0 (6.0-7.0) 6.0 (6.0-7.0) 0.387

GPR 5.0 (5.0-6.0) 6.0 (5.0-6.0) 0.459

MB mobile bearing implant, FB fixed bearing implant, NRS Numeric Rating Scale, IQR interquartile range, OKS Oxford Knee
Score, KOOS-PS Knee Injury and Osteoarthritis Outcome Score Physical Function Short Form, SD standard deviation, EQ-5D-3L
EuroQol 5 dimensions 3-level version, EQ VAS EuroQol Visual Analogue Scale, GPR General Perceived Recovery

DISCUSSION

The most important findings of the current study were very high patient satisfaction scores in
both MB and FB groups of a 9.0 out of 10.0 at 6 months as well as at 12 and 24 months, without
statistically significant differences between groups. Low pain, high functional and high quality of
life scores were found at 6, 12 and 24 months, again without statistically significant differences
between groups.

Previous study outcomes showed that 92% to 94% of UKA patients are satisfied after UKA [4,
10, 22, 37]. Comparison to the current study is marred by differences in follow-up time, multiple
surgeons and no reported data on surgeon volume. The Swedish Knee Arthroplasty Register
reported that 89% was satisfied at one year after surgery [35], similar to results in the current
study. Implant design had no effect on outcome in the current study, similar to what has been
reported by others; albeit at a minimum follow-up of 2 years, with surgeries performed by more
than one surgeon [2, 3, 29]. Because of poorer reliability and validity, single-item questions used
for measuring satisfaction are more vulnerable to random measurement errors and unknown
biases [1, 34]. Therefore, anchor questions were used in the current study to consolidate these
satisfaction scores. These anchor questions reported large improvements in function, pain relief
and good recovery using both MB and FB implants, with no difference between groups.

Previously, the lack of uniform use of PROMs to measure clinical outcomes has made it difficult
to compare PROs between implants [6, 16, 32]. Even more important, making it more difficult
to reliably advice patients on which implant to choose. The International Consortium for Health
Outcomes Measurement (ICHOM) [17] and registries, such as the English National Joint Registry
(NJR) [30] and the Dutch Registry (LROI) [28], have recommended the use of the OKS and/or
KOOS-PS to measure the patient-reported functional outcome in knee arthroplasty patients. Only
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two previous studies compared MB to FB implants using OKS scores and showed no differences in
outcome [11, 29], similar to the outcome in the current study. For quality of life, ICHOM [17], NJR
[30], LROI [28] and the International Society of Arthroplasty Registries (ISAR) PROMs working
group [34] have advised the use of the EQ-5D or the 12-Item Short Form Survey (SF-12). SF-12
scores were reported to be equal between both implants [3, 29]. Scores for both EQ-5D and
the NRS pain questionnaires [17, 28], comparing MB to FB implants, have not been previously
reported. The current study showed no differences in pain, function and quality of life between
MB and FB at 6,12 and 24 months after UKA.

These results can be used in shared decision making in the care of patients presenting with medial
unicompartmental end-stage knee OA. Provided the surgeon is a high-volume surgeon, both MB
and FB resulted in excellent PROs in the current study. As the used MB implant (Oxford) and FB
implant (Physica ZUK) in the current study are the most commonly used implants of each design
type among others in the Netherlands [26] and Sweden [35], this study provides accurate input
for daily practice. It provides the patients and surgeons with useful information on PROs of the
most commonly used UKA implants.

As a strength of this study, high response rates on PROMs were achieved resulting in
representative outcomes. Moreover, anchor questions were used to consolidate the satisfaction
scores. Furthermore, all UKA surgeries were performed by a high-volume and non-designer single
surgeon, eliminating any bias and/or differences caused by a difference in surgical skill. As a
limitation, the current study has a retrospective, nonrandomized design. The actual preferred
sample size is unknown; the sample size of this study is larger than previous studies [2, 3, 29]. It
is questionable if the results are generalizable, as only patients characterized by a BMI = 35 and
ASA score of I-Il were included in the current study. It should be mentioned, however, that these
characteristics apply to 90% of the total UKA population [27]. Future studies should focus on a
larger sample size of the total UKA population. A prospective level 1study should be performed
to confirm our results.

CONCLUSION

Medial UKA performed by a high-volume surgeon, using a MB implant or a FB implant, results in
excellent patient satisfaction, pain relief, functional improvement and quality of life improvement
at 6,12 and 24 months after surgery. The recommendation and use of one over the other is not
justified based on the outcomes in the current study.
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Chapter 7

ABSTRACT

Background

Dissatisfaction after total knee arthroplasty (TKA) remains a difficult problem. Patient
characteristics and preoperative patient-reported outcomes (PROs) are potential predictors of
satisfaction one year after TKA. Being able to predict the outcome preoperatively might reduce
the number of less satisfied patients.

Methods

A retrospective cohort study on prospectively collected data of 1239 primary TKA patients (ASA
I-1I, BMI<35) was performed. Primary outcome was degree of patient satisfaction one year after
TKA (Numeric Rating Scale (NRS) 0-10). Secondary outcomes were degree of patient satisfaction
six months and two years after TKA and being dissatisfied (NRS 0-6) or satisfied (NRS 7-10) at
all three time points. Multivariate linear and binary logistic regression analyses were executed
with patient characteristics and preoperative PROs as potential predictors.

Results

One year after TKA, median NRS satisfaction score was 9.0 (8.0-10.0) and 1117 (90.2%) patients
were satisfied. BMI, degree of medial cartilage damage, previous knee surgery, Knee injury and
Osteoarthritis Outcome Score-Physical Function Short Form score, EQ VAS score, and anxiety
were identified as predictors of the degree of patient satisfaction (P =.000, R? = 0.027). Models
on secondary outcomes reported R? of 1.7%-7.1% (P < .05). All models showed bad agreement
between observed and predicted values for lower NRS satisfaction scores and being dissatisfied.

Conclusion

The degree of patient satisfaction and the chance of being dissatisfied or satisfied six months,
one, and two years after TKA are predictable by patient characteristics and preoperative PROs
but not at a reliability level that is clinically useful.
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INTRODUCTION

Total knee arthroplasty (TKA) is a successful treatment option for patients with end-stage
osteoarthritis (OA) [1]. Time to reach the end result is approximately six to twelve months [2]. TKA
surgically is a success if alignment is correct, the implant well fixed and balanced, and long-term
outcome is considered good as long as no revision has been performed. However, these objective
outcomes are quite possibly not in line with patients’ definition of a successful outcome after TKA.
Subjective patient-reported outcomes (PROs) can be measured using patient-reported outcome
measures (PROMs). PROs, therefore, also need to be evaluated to be able to consider the surgery
a success. Unfortunately, up to 20% of patients are dissatisfied with their end result [3-10].

Several preoperative and postoperative predictors for patient (dis)satisfaction after TKA have
been found in previous studies (Table 1). However, these studies included potential predictors
that can only be measured after surgery [3-5,7,9-18], did not combine potential predictors into
one prediction model [19], did not included preoperative PROs [20], or were based on a recovery
period <1 year [8]. Knowledge of preoperative predictors of patient satisfaction could enhance
shared decision-making between patient and surgeon, optimize personalized health care, and
lower the overall percentage of dissatisfied patients.

Therefore, the primary aim of the present study was to investigate which patient characteristics
and preoperative PROs are predictors of the degree of patient satisfaction one year after TKA.
The secondary aim was to investigate which patient characteristics and preoperative PROs
are predictors of the degree of patient satisfaction six months and two years after TKA and
the chance of being dissatisfied or satisfied at all three time points separately. The hypothesis
was that patient satisfaction can be predicted preoperatively using patient characteristics and
preoperatively collected PROs and that PROs have an important role in this prediction.

Table 1 Predictors of patient (dis)satisfaction after TKA, focused on dissatisfaction

Predictor Associated with dissatisfaction

Preoperative

Sex Female [8,14,20,21]

Age Contradicted associations found [5,7,8,13-15,21]

BMI Higher BMI [15,21]

ASA score ASA score > 2 [17]

SES Lower SES [20]

Diagnosis Diagnosis of osteoarthritis [14]

Cartilage damage Lower KL score [9], lower radiological joint narrowing score [15]
Previous knee surgery History of previous knee surgery [21]

Comorbidity Presence of comorbidity [6,21]
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Table 1 Predictors of patient (dis)satisfaction after TKA, focused on dissatisfaction (continued)

Predictor Associated with dissatisfaction

Waiting time Prolonged waiting time [16]

Preoperative pain Contradicted associations found [5,8,18]

Health status Contradicted associations found [4,6,10]
Anxiety or depression Presence of anxiety or depression [3,4,6,8,16,21]

Postoperative

Length of stay Longer length of stay [3]

Complication Having a deep prosthetic infection [3], having a complication [5,15,17]
Stiffness Presence of stiffness [5,7]

Improvement Poor pain relief and/or function improvement [4,5,10,11,18]
Expectations No fulfilment of expectations [5,11,12]

ASA score; American Society of Anesthesiologist score, BMI; body mass index, KL score; Kellgren-Lawrence score, SES; social
economic status, TKA; total knee arthroplasty

METHODS

A retrospective cohort study with prospectively collected data of primary TKA patients was
performed. Patients underwent surgery between July 2015 and December 2017 in a medium sized
orthopedic clinic. Guidelines of the Dutch Health Regulatory Agency (IGJ) state that patients
with an American Society of Anesthesiologists (ASA) score >2 and a BMI >35 are not allowed to
be operated on in the present study's clinic. Therefore all patients in the present study had an
ASA score of I-Il and a body mass index (BMI) 35 kg/m?2.

Five high-volume orthopedic surgeons performed all surgeries. Standard surgical technique
as described by the implant manufacturer was used. In all patients, the same implant, either
the posterior-stabilized or cruciate-retaining version based on surgeon’s preference, was used
(Nexgen, Zimmer Biomet Ltd., Bridgend, UK). The length of stay was 1or 2 days.

Patients were included if they signed the informed consent form preoperatively to allow further
scientific analysis using their anonymized data. Therefore, the institutional review board ruled that
formal approval was not required for this study. Patients were excluded if they had no Numeric
Rating Scale (NRS) satisfaction score one year after TKA.

Outcomes

Primary outcome was the degree of patient satisfaction one year after TKA measured using a
nonvalidated NRS satisfaction question, with a score of O being very dissatisfied and 10 being very
satisfied. The question asked was “How satisfied are you (in general) with the results of your knee
surgery?". To validate these scores, three anchor questions were inquired one year after TKA:
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functional improvement on a 7-point Likert scale ranging from 1 (very much deteriorated) to 7
(very much improved), pain relief on a 7-point Likert scale ranging from 1 (very much deteriorated)
to 7 (very much improved), and degree of recovery measured using general perceived recovery
guestion with a 7-point Likert scale ranging from O (worse than ever) to 6 (fully recovered) [22].
If patients scored high on NRS satisfaction question and low on the three anchor questions, or
the other way around, their NRS satisfaction scores were recoded into missing values.

Secondary outcomes were the degree of patient satisfaction six months and two years after TKA
separately and the chance of being dissatisfied or satisfied at all three time points separately.
Being dissatisfied or satisfied was based on dichotomizing the NRS satisfaction scores; scores
from O to 6 were defined as dissatisfied and scores from 7 to 10 as satisfied.

Investigated potential predictors

Investigated potential predictors were based on predictors identified in previous studies (Table
1). Investigated potential predictive preoperative PROs were pain, function, quality of life, and
anxiety. Pain at rest and pain during activity were both measured using a NRS question scored
from O (no pain) to 10 (severe pain). Knee function and pain were assessed using the Oxford Knee
Score questionnaire with scores ranging from O (most severe symptoms) to 48 (least symptoms)
[23]. Furthermore, knee function on a scale from O (no difficulty) to 100 (extreme difficulty) was
measured using the Knee injury and Osteoarthritis Outcome Score Physical Function Short Form
(KOOS-PS) questionnaire [24]. Quality of life was inquired using the 3-level version of EuroQol
5 Dimensions (EQ-5D-3L) questionnaire consisting of two parts: EQ visual analog scale (EQ VAS;
0-100, O worst imaginable health state to 100 best imaginable health state) and EQ-5D descriptive
system [25]. Anxiety was assessed using question 5 of the EQ-5D-3L; answers were combined into
having anxiety (“I am moderately anxious” and “I am very anxious") and no anxiety.

Investigated potential predictive patient characteristics were sex, age at surgery (years), BMI,
ASA score (I or I1), social economic status (low, average, or high), diagnosis (OA or other), degree
of medial cartilage damage assessed with the Kellgren-Lawrence score (KL score; 0-4), degree
of lateral cartilage damage (KL score; 0-4), degree of retropatellar cartilage damage (KL score;
0-4), Charnley score, history of previous knee surgery (yes or no), comorbidity (yes or no), and
wait time between screening and surgery (days).

Measurements

PROs were primarily collected digitally (OnlinePROMs, Rosmalen, the Netherlands). PROs
collection was performed as per the advice of the Dutch Orthopedic Association preoperatively
(typically 4-8 weeks before surgery) and six months, one year, and two years postoperatively
[26]. In case patients were not able to handle a computer, paper guestionnaires were sent. A
maximum of two reminders were sent to complete the PROMs [27].

Patient characteristics were collected from the electronic patient records. Social economic
status was determined by the Netherlands Institute for Social Research using postal code [28].
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Radiographs were assessed by the radiologist, the treating surgeon, and the presence of grade
IV OA (or not) was confirmed and recorded at the time of surgery.

Statistical analysis

Analyses were performed using SPSS version 25.0 (IBM Corp; Armonk, New York). The results
were reported in mean and standard deviation, median and interquartile range, or number (n) and
percentage (%) based on the test performed. To investigate if there was any difference between
the included and excluded patients, patient characteristics and preoperative PROs were compared
between both groups. First, continuous variables were checked for normal distribution using
skewness and histograms. Second, depending on the normal distribution of the data, independent
t-tests or Mann-Whitney U tests for continuous variables were executed and Pearson's chi-square
or Fisher's exact tests for categorical variables. Missing values were investigated, found to be
below 15% per potential predictors (=1.6%) and assessed as missing at random.

To obtain an impression which patient characteristics and preoperative PROs dissatisfied and
satisfied patients differed, included patients were allocated to the subgroup very satisfied or the
subgroup dissatisfied one year after TKA and compared. NRS satisfaction scores at one year
were dichotomized in scores 0-6 for being dissatisfied and scores 9-10 for being very satisfied.

Prediction of NRS satisfaction score six months, one year, and two years after TKA as dependent
variables separately with patient characteristics and preoperative PROs as independent variables
(n = 20) was investigated using multivariate linear regression analyses with backward selection.
Parameter estimates (b) and P-values were calculated. Variables with a P-value <.200 were
considered for the final models. Before, assumptions were checked and met. Skewness was found
for wait time, NRS pain score during activity, KOOS-PS score, EQ-5D descriptive system score,
and EQ VAS score. These variables were transformed into a normal distribution by ~(1/2) or ~(1/3)
in case of positive skewness and by *3 in case of negative skewness (square root or cube root).

Prediction of the chance of being dissatisfied (coded 1) or satisfied (coded 0) six months, one
year, and two years after TKA as dependent variables separately with patient characteristics
and preoperative PROs as independent variables was investigated using multivariate binary
logistic regression analyses with Wald backward selection. Variables with a P-value <.05 were
considered for the final models. Before, assumptions were checked and met. Around 10% of the
patients were dissatisfied at all three time points separately, meaning a maximum of 11 variables
could beincluded. These variables were chosen based on previous analyses of multivariate linear
regression; statistically significant and clinically relevant predictors were chosen for the binary
model. An odds ratio (OR) > 1 indicated an increasing risk of being dissatisfied relative to being
satisfied.

In depth analyses with cartilage damage as independent variable were executed. First, the degree

of medial cartilage damage was dichotomized in KL score 4 (coded 1) and KL scores 0-3 (coded
0). All six multivariate regression analyses were executed using this independent variable instead
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of the degree of medial cartilage damage. Second, the degree of medial and lateral cartilage
damages were combined and dichotomized in medial KL score 4 (coded 1) and medial KL scores
0-3 with lateral KL score 4 (coded 0). Again, all six regression analyses were executed using this
variable.

Although the focus was not on postoperative predictors, the influence of complications on
satisfaction was also assessed. Variables were categorized into having a complication (coded 1)
or not (coded 0) and having a deep prosthetic infection (coded 1) or not (coded 0); these variables
were analyzed separately.

For the overall measurement of the predictive ability, models with explained variances (R?) =25%
were considered as strong performing models and with <10% as weak performing models. Scatter
plots were created to investigate the agreement between the observed and predicted values.

RESULTS

Flowchart, patient characteristics, and preoperative PROs

A total of 1367 patients underwent primary TKA surgery of which 1239 patients (90.6%) were
included. Main exclusion reason was not being a responder on the NRS satisfaction question at
the one-year postoperative questionnaire (n = 95 (6.9%)). Because of conflicting NRS satisfaction
guestion and the three anchor question scores, NRS satisfaction scores of 15 patients (1.2%) were
coded into missing values. Of the included patients, 1235 (99.7%) responded on the preoperative
PROMs, 1196 (96.5%) at six months, 1239 (100%) at one year, and 1175 (94.8%) on the two-
year postoperative PROMs (Fig. 1). No statistically significant differences were found in patient
characteristics and preoperative PROs between included and excluded patients (Table 2).
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Patients underwent
primary TKA (n=1367)

Excluded (n=128)

- No responder on NRS satisfaction at one year question (n=95)

- NRS satisfaction score at one year recoded into missing values (n=15)
- Declined (further) participation (n=8)

- Not able to complete NRS satistfaction at one year question (n=8)
—» - Deceased (n=3)

- Insufficient command of Dutch language (n=2)

- Visually impaired (n=1)

Responders on preoperative
questionnaire (n=1235)

Responders on six months - Cerebral haemorrhage (n=1)
postoperative questionnaire - Oedema (n=1)
(n=1196) - Underwent revision surgery within one year (n=2)
\ 4

Included patients (n=1239)
- Completed NRS satisfaction question in one year
postoperative questionnaire (n=1239)

Responders on two years
postoperative questionnaire
(n=1175)

Fig. 1. Flowchart

n; number, NRS; numeric rating scale, TKA; total knee arthroplasty

Table 2 Patient characteristics and preoperative PROs of included and excluded TKA patients

Included (n=1239) Excluded (n=128) p-value

Patient characteristics

Sex (male), n (%) 609 (49.2) 71(55.5) 0174
Age (y), mean (SD) 65.3(7.9) 64.1(9.4) 0.112
BMI (kg/m?), mean (SD) 28.1(3.6) 28.1(3.6) 0.835
ASA (1), n (%) 574 (46.3) 56 (43.8) 0.578
SES, n (%) 0.340

Low 134 (10.9) 1(8.7)

Average 981(79.8) 107 (84.9)

High 15 (9.3) 8(6.3)
Diagnosis (OA), n (%) 188 (95.9) 122 (95.3) 0.954
Medial cartilage damage (KL score), n (%) 0.365

No presence of OA (0) 140 (11.3) 13 (10.2)

Doubtful presence of OA (1) 7(0.6) 1(0.8)

Minimal presence of OA (2) 77 (6.2) 4(3.1)

Moderate presence of OA (3) 136 (11.0) 10 (7.9)

Severe presence of OA (4) 877 (70.9) 99 (78.0)
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Table 2 Patient characteristics and preoperative PROs of included and excluded TKA patients (continued)

Included (n=1239) Excluded (n=128) p-value

Lateral cartilage damage (KL score), n (%) 0.836
No presence of OA (0) 357 (28.9) 34 (26.8)
Doubtful presence of OA (1) 25 (2.0) 4(3.1)
Minimal presence of OA (2) 135 (10.9) 17 (13.4)
Moderate presence of OA (3) 324 (26.2) 33 (26.0)
Severe presence of OA (4) 396 (32.0) 39 (30.7)
Retro-patellar cartilage damage (KL score), n (%) 0.472
No presence of OA (0) 258 (20.9) 28 (22.0)
Doubtful presence of OA (1) 9 (0.7) 1(0.8)
Minimal presence of OA (2) 213 (17.2) 20 (15.7)
Moderate presence of OA (3) 450 (36.4) 38(29.9)
Severe presence of OA (4) 307 (24.8) 40 (31.5)
Charnley score, n (%) 0.326
One knee affected with OA 577 (46.6) 61(47.7)
Both knees affected with OA 291(23.5) 22 (17.2)
Contralateral TKA 250 (20.2) 32 (25.0)
Multiple joints affected with OA 121(9.8) 13 (10.2)
Previous knee surgery, n (%) 706 (57.0) 78 (60.9) 0.394
Comorbidity, n (%) 591 (47.7) 70 (54.7) 0.132
Wait time (d), median (IQR) 65.0 (42.0-84.0) 67.5 (48.0-91.0) 0.263

Preoperative PROs

NRS pain score in rest, mean (SD) 53.7 (24.4) 54.0 (23.5) 0.913
NRS pain score during activity, median (IQR) 80.0 (70.0-90.0) 80.0 (70.0-90.0) 0.538
OKS score, mean (SD) 24.2 (7.3) 23.6(8.1) 0.389
KOOS-PS score, median (IQR) 48.5 (42.0-57.9) 51.2 (42.0-57.9) 0.528

EQ-5D-3L, median (IQR)

EQ-5D descriptive system score 0.775 (0.516-0.775) 0.775(0.298-0.778) 0.466
EQ VAS score 80.0 (70.0-90.0) 80.0 (65.0-86.0) 0.056
Anxiety, n (%) 230 (18.6) 26 (21.1) 0.741

ASA score; American Society of Anesthesiologists score, BMI; body mass index, EQ VAS; EuroQol visual analogue scale,
EQ-5D descriptive system; EuroQol 5 Dimensions descriptive system, EQ-5D-3L; 3-level version of EuroQol 5 Dimensions, IQR;
interquartile range, KL score; Kellgren-Lawrence score, KOOS-PS; Knee injury and Osteoarthritis Outcome Score - Physical
function Short from, n; number, NRS; numeric rating scale, OA; osteoarthritis, OKS; Oxford Knee Score, PROs; patient-reported
outcomes, SD; standard deviation, SES; social economic status, TKA; total knee arthroplasty
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Dissatisfied versus very satisfied patients one year after TKA

The dissatisfied subgroup (n =122 (9.8%)) was found to be statistically significantly different
compared with the very satisfied subgroup (n =805 (65.0%)) on the following patient
characteristics and preoperative PROs: different distribution in Charnley score (P =.021), higher
KOOS-PS score of 52.8 (44.0-57.9) than 49.4 (40.3-57.9) (P =.024), lower EQ-5D descriptive
system score of 0.577 (0.298-0.775) than 0.654 (0.651-0.775) (P =.005), lower EQ VAS score
of 74.2 (61.5-90.0) than 78.9 (72.0-90.0) (P =.005), and more patients having anxiety (n =25
(20.7%) versus n =126 (15.7%), P = .001).

Degree of patient satisfaction one year after TKA
Median NRS satisfaction score one year after TKA was 9.0 (8.0-10.0); most patients scored an 8
(n =220 (17.8%)), 9 (n = 319 (25.7%)), or 10 (n = 486 (39.2%)).

The final multivariate linear regression model with NRS satisfaction score at one year as
dependent outcome identified BMI (b = 0.032, P =.024), degree of medial cartilage damage
(b =0.057, P =.125), history of previous knee surgery (b =-0.137, P =.169), KOOS-PS score
(b =-0.071, P =.187), EQ VAS score (b < 0.001, P =.000), and anxiety (b =-0.239, P =.067) as
predictors (R? = 0.027, P = .000). Preoperatively BMl and EQ VAS score contributed statistically
significant to predicting NRS satisfaction score (Table 3). Satisfaction scores were not influenced
by surgeon (P =.456). The scatter plot showed a bad agreement between observed and predicted
values for lower NRS satisfaction scores (Fig. 2).
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Fig. 2. Predicted versus observed value of NRS satisfaction score one year after TKA
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Degree of patient satisfaction six months and two years after TKA
Median NRS satisfaction score was 9.0 (8.0-10.0) six months after TKA and 9.0 (8.0-10.0) two
years after TKA.

The final multivariate linear regression model with NRS satisfaction score at six months as
dependent outcome identified age, BMI, degree of medial cartilage damage, history of previous
knee surgery, comorbidity, EQ VAS score, and anxiety as predictors (R?=0.046, P =.000).
Preoperatively BMI, degree of medial cartilage damage, EQ VAS score, and anxiety contributed
statistically significant to predicting NRS satisfaction score. Regarding NRS satisfaction score
at two years as dependent outcome, the final multivariate linear regression model identified
ASA score, BMI, degree of medial cartilage damage, EQ VAS score, and anxiety as predictors
(R?=0.017, P =.002). Preoperatively BMI and EQ VAS score contributed statistically significant
to predicting NRS satisfaction score (Table 3). The satisfaction scores at six months (P =.774)
and two years (P =.069) were not influenced by surgeon.

The chance of being dissatisfied or satisfied six months, one year, and
two years after TKA

In total, 1033 (88.0%) patients were satisfied after six months, 1117 (90.2%) after one year, and
1041 (89.1%) after two years.

The final multivariate binary logistic regression model with being dissatisfied or satisfied at six
months as dependent outcome identified BMI, degree of medial cartilage damage, Charnley score,
EQ-5D descriptive system score, and EQ VAS score as predictors (R? = 0.071, P =.000). Goodness
of fit test indicated a good fit (P =.273). The model correctly predicted 87.7% of the observed
values: 99.7% for being satisfied and 1.4% for being dissatisfied. Regarding being dissatisfied or
satisfied at one year as dependent outcome, the final multivariate binary logistic regression model
identified degree of medial cartilage damage, Charnley score, and EQ-5D descriptive system
score as predictors (R? = 0.057, P =.000). Goodness of fit test indicated a good fit (P = .115) and
90.2% of the observed values was correctly predicted (100.0% for being satisfied and 0.0% for
being dissatisfied). The final multivariate binary logistic regression model with being dissatisfied
or satisfied at two years as dependent outcome identified degree of medial cartilage damage as
predictor (R? = 0.029, P =.038). Goodness of fit test indicated a good fit (P =.320) and 89.2%
of the observed values was correctly predicted (100.0% for being satisfied and 0.0% for being
dissatisfied) (Table 4). Outcomes at six months (P =.431), one year (P = .974), and two years after
TKA (P =.428) were not influenced by surgeon.

In depth analysis of cartilage damage and complications

The degree of medial cartilage damage (KL score 4 vs KL scores 0-3) in the final multivariate
linear regression model with NRS satisfaction score at six months and at one year and at two years
as dependent outcomes was identified as a predictor (6 months: b = 0.221, P =.049; R? = 0.046,
P =.000; one year: b = 0.221, P =.043; R? = 0.027, P =.000; and two years: b = 0.296, P =.022;
R?2=0.019, P =.000). Regarding the final multivariate binary logistic regression model with being
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dissatisfied or satisfied at one year as dependent outcome, this model identified it as a predictor
(OR =0.506, P =.001; R? = 0.050, P =.000). At 6 months and at 2 years, it did not (OR = 0.736,
P =.123; R?=0.062, P =.000 and OR = 0.687, P =.064; R? = 0.020, P =.040).

The degree of medial and lateral cartilage damages (medial KL score 4 vs medial KL scores 0-3
and lateral KL score 4) in the final multivariate linear regression model with NRS satisfaction
score at six months and at one year and at two years as dependent outcomes was identified as
a predictor (6 months: b = 0.279, P =.031; R> = 0.045, P =.000; one year: b =0.306, P =.014;
R?=10.028, P =.000; and two years: b = 0.446, P =.003; R?> = 0.025, P = .000). Regarding the final
multivariate binary logistic regression model with being dissatisfied or satisfied at one year and
two years as dependent outcomes, these models identified it as a predictor (one year: OR = 0.419,
P =.000; R?2=0.059, P =.000 and two years: OR = 0.606, P =.026; R? = 0.030, P =.016). At 6
months, it did not (OR = 0.711, P = .134; R = 0.059, P = .000).

There were not more complications in the patients who were excluded or had conflicting NRS and
anchor question scores. Satisfaction scores in patients with a complication during the study period
were below satisfaction scores for patients without a complication at six months (8.0 (6.0-9.0) vs
9.0 (8.0-10.0) (P <.001)), one year (9.0 (7.0-10.0) vs 9.0 (8.0-10.0) (P = .001)), and two years after
TKA (9.0 (7.0-10.0) vs 9.0 (8.0-10.0) (P =.009)). Furthermore, a higher percentage of patients
with a complication was dissatisfied at six months (19.7% vs 11.0% (P = .005)), one year (16.3%
vs 9.0% (P =.008)), and two years after TKA (16.8% vs 10.0% (P =.025)) than patients without
a complication. Having a complication or not did not affect the models’ prediction ability. Having
a deep prosthetic infection resulted in no significantly difference in outcome.

DISCUSSION

In the present study, patient satisfaction after TKA was measured on two different scales
(continuous and dichotomous) at three different postoperative time points (six months, one year,
and two years) and possible predictors of the outcome were investigated. The main result was
that BMI, degree of medial cartilage damage, history of previous knee surgery, KOOS-PS score,
EQ VAS score, and anxiety are predictors of the degree of patient satisfaction one year after TKA.
Although this prediction model was statistically significant, the current model is not useful in
clinical practice: explained variance was 2.7% (R? = 0.027) resulting in a weak performing model,
and bad agreement was found between the observed and predicted values for the lower NRS
satisfaction scores resulting in a model unable to predict these lower scores correctly. Regarding
the secondary outcomes, the same results concerning no clinically useful models were found.
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In line with previous studies, in the present study found median NRS satisfaction score was 9.0
(8.0-10.0) and less than 10% patients were dissatisfied one year after TKA [4,6,8]. Prediction
of these satisfaction scores was investigated using previously reported preoperative predictors
(Table 1). Lower BMI, lower degree of medial cartilage damage, lower quality of life scores, and
having anxiety were found as predictors for lower patient satisfaction scores and/or being
dissatisfied. Apart from BMI, these associations are in line with previous studies (Table 1). The
somewhat contradictory finding in the present study with respect to BMI can possibly be explained
by the fact that only patients with a BMI =35 were included. TKA patients with BMI <35 are more
satisfied compared with patients with BMI »>35 [29]. Complication risk increases with BMI >35
(especially »40), and having a complication is associated with lower patient satisfaction scores
[5.15,17]. These patients at the higher BMI end are not in the present study and, therefore, the
assessment of BMI as a predictor in the present study cannot be applied to the general TKA
population. In the present study, the degree of medial cartilage damage was found to be a
predictor of patient satisfaction, and the degree of lateral and/or retropatellar cartilage damage
was not (Tables 3 and 4). This means that, with the models correcting for degree of cartilage
damage in other parts of the knee joint, patient satisfaction mainly depended on the presence
of KL score 4 medial cartilage damage. In depth analyses showed that patients with KL score 4
medial OA were more likely to be satisfied with their TKA, irrespective of the amount of damage
elsewhere. Patients with KL score 4 lateral OA but without KL score 4 medial OA were less likely
to be satisfied. However, not at a level that can be used to predict outcome preoperatively.

Although several patient characteristics and preoperative PROs were found to be predictors
of the degree of patient satisfaction or the chance of being dissatisfied or satisfied, no reliable
prediction for patient satisfaction after TKA could be made. All models were weak prediction
models (R% 0.017 to 0.071) with a bad agreement between the observed and predicted values
(Tables 3 and 4, and Fig. 2). Models showed a good prediction of higher degree of satisfaction
and the chance of being satisfied (99.7%-100% is correctly predicted) (Fig. 2). However, weak
or even no prediction was possible for lower degree of satisfaction and the chance of being
dissatisfied (0.0%-1.4% is correctly predicted) (Fig. 2). Although other preoperative predictors
were entered into the models, the same findings regarding weak prediction models (R% 0.1 to
0.2) for dichotomized patient satisfaction one year after TKA with only preoperative predictors
were reported by others [6]. This means that the existing preoperative prediction models are not
useful for clinical practice. It might just not be possible at all to preoperatively predict patient
satisfaction after TKA.

In the present study, patients who had a complication were less likely to be satisfied with their TKA.
Interestingly, the percentage of dissatisfied patients who had a complication 19.7% at six months
decreased to 16.8% at 2 years. As stated by others, it might be that preoperatively measured
predictors have minimal influence on patient satisfaction compared with postoperatively
measured predictors, such as having a complication [4]. A key predictor seems to be fulfillment of
expectations, which is a postoperatively measured predictor [30]. No fulfillment of preoperatively
set expectations is associated with a10.7 times higher risk of patient dissatisfaction one year after
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TKA [5]. This might explain the higher percentage of dissatisfied patients who had a complication,
as having a complication will clearly for most be outside of what is expected. Although this is a
postoperative predictor, knowing patient expectations preoperatively could be critical to prevent
patient dissatisfaction. While it might be not possible to preoperatively predict patient satisfaction
in @a manner useful for clinical practice, it instead might be possible to influence preoperatively set
possibly unrealistic expectations to improve patient satisfaction after surgery. Further research
in this area is needed.

In the present study, a low number of dissatisfied patients (less than 10% of the patients scored
6) and a high number of maximally satisfied patients (almost 40% scored the maximum score
of 10) were found one year after TKA. This might make it difficult to use the current models to
predict patient satisfaction as there are too few dissatisfied patients to make any distinction.
Furthermore, possibly there is a ceiling effect of the NRS satisfaction question, although this
has not been investigated yet. More importantly, there is no golden standard for measuring
patient satisfaction; heterogeneous methods for measuring patient satisfaction are used [30-32]
resulting in a multitude of different predictors [6,20]. So, the question is how reliably exactly
patient satisfaction can be measured using current tools and thus predicted. Previous advice to
improve the reliability of patient satisfaction measures has been to not use a single question as
the focus of the question influences which predictors will be found [6,20,33,34].

Strength of the present study are as follows: the primary outcome was validated by using the
ordinal anchor questions, patient satisfaction was investigated on a continuous scale and a
dichotomous scale, and there were a high number of patients included (1200) with few missing
values (=1.6%), and high PROM response rates (>*90%). Furthermore, surgery was performed
by high-volume surgeons, reducing the risk of revision [35]. No difference in outcomes was
found between these surgeons and posterior-stabilized or cruciate-retaining implants [36]. As a
limitation, because the low amount of dissatisfied patients, only 11 independent variables were
included in the logistics regression analyses instead of the planned 20 variables. Furthermore,
only those with ASA scores | or Il and BMI =35 were included. These characteristics, however,
apply to 80% of the total TKA population [37]. Future research should focus on a golden standard
for measuring patient satisfaction and the development of tools to properly align patients’
expectations.

CONCLUSION

The degree of patient satisfaction and the chance of being dissatisfied or satisfied six months and
one and two years after TKA are predictable by patient characteristics and preoperative PROs
but not at a reliability level that is clinically useful.
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Chapter 8

ABSTRACT

Background

Little is known about pain and opiate use at home directly after total knee replacement (TKR). Due
to adverse effects, low opiate use is desired. An electronic health app (PainCoach) was developed
to guide patients in pain control and opiate use.

Objective
The aim of this paper was to investigate the effects of the PainCoach app on pain control and
opiate use in patients who underwent TKR during the first 2 weeks at home after surgery.

Methods

In an unblinded randomized controlled trial, patients scheduled for TKR were offline recruited
and randomized to a PainCoach group or control group. In the PainCoach group, the PainCoach
app was downloaded on each patient's smartphone or tablet. In response to the patient’s input of
the pain experienced, the PainCoach app gave advice on pain medication use, exercises/rest, and
when to call the clinic. This advice was the same as that received during usual care. The control
group received usual care. The primary outcomes were opiate use and visual analog scale (VAS)
pain scores at rest, during activity, and at night during the first 2 weeks at home after surgery,
which were collected daily from day 1until 14 postoperatively by online questionnaires. The actual
amount of app use was recorded, and active use was defined as =12 total app uses.

Results

The pain scores did not differ between the groups. The PainCoach group (n=38) used 23.2%
less opiates (95% Cl —38.3 to —4.4; P=.02) and 14.6% more acetaminophen (95% CI 8.2-21.3;
P<.001) when compared with the findings in the control group (n=33). The PainCoach app was
used 12 (IQR 4.5-22.0) times per patient. In the active PainCoach subgroup (n=19), the following
were noted when compared with the findings in the control group: 4.1 times faster reduction of
the VAS pain score during activity (95% Cl —7.5 to —0.8; P=.02), 6.3 times faster reduction of
the VAS pain score at night (95% Cl —10.1to —2.6; P=.001), 44.3% less opiate use (95% Cl —59.4
to —23.5; P<.001), 76.3% less gabapentin use (95% Cl —86.0 to —59.8; P<.001), and 21.0% more
acetaminophen use (95% Cl12.6-30.0; P<.001).

Conclusions
The use of the PainCoach app contributes to reduced opiate use in the initial period at home after
TKR. Active use of this app leads to a further reduction in opiate use and improved pain control.

Trial Registration
ClinicalTrials.gov NCT03961152; https://clinicaltrials.gov/ct2/show/NCT03961152
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INTRODUCTION

Total knee replacement (TKR) is a successful treatment option for patients with end-stage knee
osteoarthritis (OA) [1]. Moderate-to-severe pain after TKR can be expected [2,3]. Local infiltration
anesthesia (LIA) techniques and so-called fast-track recovery programs have resulted in reduced
pain and early mobilization, subsequently reducing the length of stay in hospital and increasing
patient satisfaction [4-7]. Previous research established several factors associated with increased
pain after TKR [8-19] (Table 1). Postoperative pain inhibits recovery, increases morbidity, and may
result in chronic pain, ultimately limiting the effectiveness of TKR [6,20]. Therefore, pain should
be controlled optimally both in the hospital and at home.

Although pain is usually under control during hospital stay, less is known about pain control in
the initial period at home after TKR. Current pain management strategies include a combination
of nonsteroidal anti-inflammatory drugs (NSAIDs), nonnarcotic medication, opiates, and exercise
[4]. Although opiates are very effective for reducing pain, serious adverse effects, such as nausea,
itching, reduced gut mobility, and urinary retention, often occur [21]. Addiction to opiates is
an ever increasing problem and may ultimately lead to an increased risk of death [22]. The
amount of opiate use should therefore be kept to a minimum. Orthopedic surgery, however,
accounts for an estimated 8.8% of prolonged prescription opiate use [23]. Therefore, alternative
pain management strategies are needed. Electronic health (eHealth) apps can be used to guide
patients in improving their pain management strategies at home. An important benefit of these
apps is that patients can access the information provided directly and anywhere whenever
necessary [24-29]. The number of older adults with internet access and acceptance of internet-
based interventions is increasing, and patients tend to remember up to 80% of the information
acquired from interactive education [30,31].

With this in mind, to manage pain better and potentially decrease opiate use, an eHealth app
named PainCoach was developed. This app aims to help patients control their pain better in the
initial period at home after TKR, including optimal use of the available pain medication. This study
aimed to determine the effects of PainCoach on pain control and opiate use in TKR patients in the
first 2 weeks at home after surgery. The hypothesis was that the use of this app would decrease
pain and opiate use.
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Table 1 Factors associated with increased pain after total knee replacement

Factor Association with increased pain after TKR?
Gender Being female [8-12]

Age Older age [8,10,13]

BMI® Higher BMI® [8,10]®

ASAcscore Higher ASA® score [10]

Pain catastrophization Higher pain catastrophization score [12,14-17]
Comorbidity Presence of comorbidities [8,10,13,18]
Previous knee surgery Having a history of previous knee surgery [10]
Preoperative pain Higher preoperative pain severity [8,12,18,19]
Social support Poor social support [13]

Preoperative mental health Poor preoperative mental health [8,10,13,18]

*TKR: total knee replacement. °BMI: body mass index. ‘ASA: American Society of Anaesthesiologists score

METHODS

Study design

An unblinded, randomized, controlled, single-center trial was performed at Kliniek ViaSana (Mill,
The Netherlands). Patients with an American Society of Anesthesiologists (ASA) score of I-ll,
a body mass index (BMI) of =35, and a plan to undergo primary TKR between February and
June 2016 were enrolled. Four experienced high-volume knee surgeons performed all surgeries,
and three experienced anesthesiologists administered spinal anesthesia. The same type of TKR
implant was used in all patients (NexGen LPS, ZimmerBiomet, Warsaw, Indiana). All surgeries
were performed using a tourniquet. The pain management protocol consisted of preoperatively
administered medication, LIA injections during surgery directly before cementing the implant,
and a step-wise postoperative pain management protocol (Multimedia Appendix 1). Patients
were excluded if they did not possess a smartphone or tablet, had a contraindication to any
of the medications used in the study, did not have an email address, did not have internet at
home, did not have a thorough command of the Dutch language, had memory disorders, or
had surgery under general anesthesia. Patients were recruited over the phone by the research
staff after being scheduled for primary TKR under spinal anesthesia, and contraindication to
any of the medications used in the study and presence of memory disorders were checked by
the anesthesiologists. Patients were asked over the phone if they possessed a smartphone or
tablet, had an email address, had internet at home, and had a thorough command of the Dutch
language. Patient information and informed consent were sent by postal service if a patient met
the criteria and was interested to participate. Patients were considered lost to follow-up if they
completed less than two postoperative questionnaires during the first 2 weeks at home. Power
analysis (significance level: .05, power: 90%) showed that 35 patients would be needed in each
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group to detect a difference of 10 points on a visual analog scale (VAS) for pain (VAS pain, 0-100).
Written informed consent was obtained from all participants. The study was approved by the
medical ethics committee of St. Anna Hospital (Geldrop, The Netherlands, Study ID: 5.12) and
was registered at Clinicaltrials.gov retrospectively (ID: NCTO3961152).

Randomization

Included unblinded patients were randomly assigned to the PainCoach or control group using lots
presented in sealed opague envelopes during admission. All lots were created and sealed by a
researcher in the ratio of 1:1. A blinded nurse presented the envelops to a patient, and the patient
selected one to complete randomization. All patients received the usual pain management care
including pre-, peri-, and postoperative pain medication (Multimedia Appendix 1), participated in
group information meetings, received an information booklet, and could contact the clinic at any
time (24 hours a day/7 days a week) in case of any remaining questions. In the PainCoach group,
in addition to receiving the aforementioned usual care, the PainCoach app (Interactive Studios,
Rosmalen, The Netherlands) was downloaded on each patient’'s smartphone or tablet, using a
unique download code. In this way, the PainCoach app was not available to the control group. An
unblinded nurse provided the code and assisted the patient by completing the download process
of the app during admission. The app gave the same advice as that during usual care. After only
entering the date of surgery as patient data, the app allowed patients to input their pain level (no
pain, bearable pain, unbearable pain, or untenable pain) whenever they wanted until day 14 after
surgery. Based on the patient’s input and taking into account the number of days after surgery,
the app provided advice on pain medication use, physiotherapy exercises including videos, use of
ice or heat packs, rest, immobilization of the operated leg, and when to call the clinic (Multimedia
Appendix 2). Patients in the PainCoach group were not subjected to any treatment that was
different from that in the control group (ie, advice on pain management was delivered in an extra
and different way, but the pain medication itself was exactly the same for both groups). During
the study, no major changes or revisions were made to the PainCoach app.

Outcomes and measurements

Beside the actual amount of app use, all the outcome measurements were assessed using a
digital, online, automated collection system (OnlinePROMs, Interactive Studios, Rosmalen, The
Netherlands), which automatically sent an invitation by email to complete an online questionnaire
preoperatively, daily from day 1to 14, and at 1 month postoperatively. In case of nonresponse to
the preoperative or 1-month guestionnaire, an automatic reminder was sent after 3 days. The
invitation to complete the daily questionnaire was sent at 5 pm, and patients had access to the
questionnaire until midnight.

The primary outcomes were opiate use and pain score of the operated knee at rest, during activity,
and at night in the first 2 weeks at home after TKR. The pain score was measured on a VAS for
pain, which ranged from O (no pain) to 100 (worst imaginable pain), preoperatively, daily from
day 1to 14, and at 1 month postoperatively [32-35]. Severe pain was defined as a VAS pain score

131



Chapter 8

from 70 to 100. Opiate (oxycodon; 5 mg per tablet; different manufacturers) use was recorded in
guantities per 24 hours from day 1to 14.

The secondary outcomes in the first 2 weeks at home and 1 month after TKR included other pain
medication use (ie, NSAIDs [diclofenac], acetaminophen, or gabapentin; different manufacturers),
which was also recorded in quantities per 24 hours from day 1to 14. Additionally, pain acceptance
at rest, during activity, and at night was assessed with a happy smiley (acceptable pain) and a sad
smiley (unacceptable pain) preoperatively, daily from day 1to 14, and at 1 month postoperatively.
Experiences with the executed recommended physiotherapy exercises were recorded daily from
day 1to 14 on a 3-item scale (did too much, exactly enough, or could have done more exercises).
Moreover, function and quality of life were measured preoperatively and 1 month postoperatively.
Knee function was assessed using the Knee Injury and Osteoarthritis Outcome Score-Physical
Function Short-form (KOOS-PS) on a scale from O (no difficulty) to 100 (extreme difficulty) [36].
The Oxford Knee Score was used to measure combined function and pain on a scale from O
(most severe symptoms) to 48 (least severe symptoms) [37]. Quality of life was measured using
the EuroQol-5 Dimensions (EQ-5D) 3-level version (EQ-5D-3L) questionnaire consisting of the
following two scores: EQ VAS score, which is assessed on a scale from O (worst imaginable health
state) to 100 (best imaginable health state), and EQ-5D descriptive system [38]. The PainCoach
app's perceived effectiveness (usability, added value, and likelihood of being recommended to
others) was recorded on a 5-item scale ranging from totally agree to totally disagree at day 14
after surgery. Each downloaded app had its own app code that was used to record the actual
amount of app use. As the admission period was generally 1 or 2 days, outcomes were measured
until day 14 after surgery, and outcomes at home were investigated, the outcome active PainCoach
app use was defined as using the app at least 12 times in total.

Preoperative opiate and other pain medication use, age, gender, ASA score, BMI, preoperative
comorbidities, history of knee surgery on the same side, Charnley score, date of surgery, date of
discharge, and complication data were collected from the electronic patient records. Pain coping,
anxiety, education level, and marital status were determined preoperatively using an online
guestionnaire. Pain coping was measured using the pain coping and cognition list scored from 1
(totally disagree) to 6 (totally agree), and it had the following four categories: catastrophizing,
pain coping, internal pain management, and external pain management [39].

Statistical analysis

Analysis was performed using SPSS version 25.0 (IBM Corp, Armonk, New York). All measured
outcomes from day 1 until day 14 after surgery were recoded into measured outcomes for days
at home by subtraction of the admission period. Patient characteristics were analyzed using
descriptive statistics, and data were checked for normal distribution. Differences in mean, median,
or percentage were tested using the independent two-sample t-test, Mann-Whitney U test,
likelihood analysis, Fisher's test, or Pearson'’s chi-squared test, depending on the type of data.
Mixed linear models were used to analyze the overall rate of decrease or increase for continuous
data, and generalized linear models were used to analyze the percentage decrease or increase
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for count and nominal data. Additional analysis was performed to compare the active PainCoach
subgroup with the control group, with correction for differences in preoperative data. Statistical
significance was set at P<.05, and trends were defined as .05<P<.10.

[ Enrollment ] ‘ Assessed for eligibility (n=173)

Excluded (n=76)
~ Not meeting inclusion criteria (n=31)
-No smartphone or tablet (n=29)
-No thorough command of the Dutch language
(n=1)
-No email address (n=1)
" Declined to participate (n=30)
~ Not accessible (n=15)

Included (n=97)

Excluded (n=21)

—| - Declined to participate (n=3)

" General anesthesia instead of planned spinal
anesthesia (n=3)

~ No appstore password ilable (n=3)

* Allergic to drug; indicated during admission (n=2)

" Forgot to randomize (n=2)

~ Participation in other pain study (n=2)

" Revision instead of primary TKR (n=1)

" 10S code expired (n=1)

~ Bad internet connection (n=1)

* Online questionnaire refused by email (n=1)

" Inappropriate phone (n=1)

~ Shifted surgery (n=1)

| Randomized (n=76) |

')
l Allocation l
L J
Allocated to PainCoach group (n=40) Allocated to control group (n=36)
“Received allocated intervention (n=40) “Received allocated intervention (n=36)
l Follow-Up l
A% J
Lost to follow-up (n=2) Lost to follow-up (n=3)
" completed less than two questionnaires during " completed less than two questionnaires during
the first two weeks at home (n=2) the first two weeks at home (n=3)
l Analysis l
Analyzed (n=38) Analyzed (n=33)

Fig. 1 Study flowchart

10S: iPhone operating system; TKR: total knee replacement
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RESULTS

Patient characteristics

A total of 97 patients were included, and of these, 76 patients were randomized. Because of loss
to follow-up, the final analysis was performed with 71 patients (PainCoach group, n=38; control
group, n=33) (Figure 1). The response rates for the daily questionnaires at home were 91% in the
PainCoach group and 89% in the control group.

No statistically significant differences in patient characteristics were found between the
PainCoach group and control group. The preoperative VAS pain score at night was significantly
lower in the active PainCoach subgroup (n=19) than in the control group (P=.02) (Table 2).

Visual analog scale pain scores and opiate use

During the first 2 weeks at home, the PainCoach group had VAS pain scores of 17.0 (IQR 5.0-30.0)
at rest, 20.0 (IQR 7.0-35.0) during activity, and 17.0 (IQR 4.0-37.0) at night. The control group had
VAS pain scores of 20.0 (IQR 7.0-33.0) at rest, 21.0 (IQR 10.0-38.0) during activity, and 20.5 (IQR
8.0-40.0) at night. Pain was classified as severe on one or more days in 21% (8/38) of patients
from the PainCoach group and 30% (10/33) of patients from the control group. No statistically
significant differences were found between the two groups in terms of the VAS pain scores at
rest, during activity, and at night (Figure 2A-C, Table 3). Regarding opiate use, the PainCoach
group used a mean of 0.4 (SD 0.7) tablets a day and the control group used a mean of 0.5 (SD
0.8) tablets a day. Opiate use was significantly reduced by 23.2% in the PainCoach group when
compared with the finding in the control group (95% Cl —38.3 to —4.4; P=.02) (Figure 2A-C, Table
3). One month after surgery, no statistically significant differences in the VAS pain scores were
found between the PainCoach group and control group (Table 4).
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Table 2 Characteristics of patients the PainCoach group, active PainCoach subgroup, and control group

Characteristic 1. P(a::;:g)ach PZa.i:::'aV:h 3.(:1::;;;0' ':1‘\,/?;: ’(azvvas";
(n=19)
Gender (male), n (%) 23 (61) 13 (68) 19 (58) .80 44
Age (years), mean (SD) 62.6 (7.0) 62.8 (6.1) 64.6 (7.5) .24 .38
BMI2, mean (SD) 27.6 (3.5) 26.7 (3.4) 27.8 (3.0) .83 .24
ASA® (1), n (%) 18 (47) 1(58) 12 (36) .35 13
Preoperative comorbidities, n (%) 14 (37) 8 (42) 17 (52) .21 .51
Preoperative prescription, n (%)
NSAIDs¢ 5(13) 3(16) 6 (18) .20 48
Acetaminophen 1(3) 0 (0) 1(3) 92 >.99
Opiate 3(8) 0O 0(0) .24 >.99
Gabapentin 0 (0) 0 (0) 0 (0) ».99 .99
Preoperative anxiety, n (%) .59 >.99
No anxiety 33(87) 18 (95) 30 (91
Some anxiety 5 (13) 1(5) 3(9)
Much anxiety 0(0) 0(0) 0(0)
SHaith]ng'i;ef'pnrfx“S knee surgery 27 (71) 15 (79) 21(64) 51 25
Charnley score, n (%) .64 98
One knee affected with OA¢ 22 (58) 12 (63) 19 (58)
Both knees affected with OA 7(18) 3(16) 6 (18)
Contralateral TKR® 5 (13) 1(5) 2 (6)
Multiple joints affected with OA 4 (1) 3(16) 6 (18)
Education level, n (%) .33 .30
Primary school 3(8) 1(5) 1(3)
Secondary school 14 (37) 7 (37) 10 (31)
Tertiary school 21(55) 1(58) 21(66)
Marital status, n (%) 19 .09
Married 29 (76) 18 (95) 22 (67)
Otherf 9 (24) 1(5) 1(33)
Pain coping, mean (SD)
Catastrophization 2.5(0.7) 2.5(0.8) 2.3(0.6) 15 .32
Pain coping 3.6 (1.0) 3.8 (1.0) 3.7(0.8) .68 .66
Internal pain management 4.1(0.8) 4.2 (0.9) 3.9(0.8) .24 .29
External pain management 2.7(0.8) 2.7(0.7) 2.5(0.8) .31 .36
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Table 2 Characteristics of patients the PainCoach group, active PainCoach subgroup, and control group

(continued)

Characteristic 1. PainCoach Pza.i:é::::eh 3. Control P value P value
(n=38) _ (n=33) (1vs3) (2vs3)
(n=19)

Preoperative VASY pain, median (IQR")

Knee at rest 33.0(20.8-52.8) 33.0(13.0-43.0) 32.0(17.8-49.0) .65 .82

Knee during active 60.5 (36.5-77.3) 57.0(30.0-75.0) 60.0(43.3-73.8) .82 .69

Knee at night 20.5(4.8-42.5) 15.0(1.0-30.0) 35.5(15.0-58.5) Al .02!
Preoperative acceptable pain, n (%)

Knee at rest 29 (76) 16 (84) 27 (82) .40 ».99

Knee during active 16 (42) 10 (53) 13 (39) .90 41

Knee at night 28 (74) 16 (84) 27 (82) .28 >.99
Preoperative KOOS-PS), 47.3 46.1 48.5 76 %
median (IQR) (41.6-55.3) (40.3-54.4) (40.3-57.9) ’ ’
Preoperative OKS¥, mean (SD) 25.3(7.2) 27.0(7.2) 24.8 (5.6) 75 .23
Preoperative EQ-5D' descriptive 0.775 0.775 0.775 27 a1
system, median (IQR) (0.471-0.783) (0.516-0.807)  (0.651-0.807) ’ :
Preoperative EQ VAS™, 86.0 87.0 86.0 89 72
median (IQR) (73.6-94.3) (79.0-93.0) (74.0-95.5) ’ ’
Complications, n (%) 3(8) 271 1(3) .62 .55

2BMI: body mass index. PASA: American Society of Anesthesiologists. “NSAIDs: nonsteroidal anti-inflammatory drugs. “OA:
osteoarthritis. °TKR: total knee replacement. ‘Other marital status: single, living together, divorced, widow(er), living apart
together relationship, different. 9VAS: visual analog scale. "IQR: interquartile range. 'Significant difference (P<.05). KOOS-PS:
Knee Injury and Osteoarthritis Outcome Score-Physical Function Short-form. *OKS: Oxford Knee Score. 'EQ-5D: EuroQol-5

Dimensions. "EQ VAS: EuroQol visual analog scale
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Fig. 2 VAS pain scores and opiate use in the PainCoach group and control group at rest (A),
during activity (B), and at night (C) and in the active PainCoach subgroup and control group at rest
(D), during activity (E), and at night (F) on separate days and in the overall first period at home.

a: significant difference in VAS pain (P<.05); b: significant difference in opiate use (P<.05); c: trend in VAS pain (.05¢P<.10);
VAS: visual analog scale
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Table 3 Findings in the PainCoach group, active PainCoach subgroup, and control group during the first 2
weeks at home

. 2. Active
. 1. PainCoach . P value P value
Variable PainCoach
versus control (1 (2)
versus control

VAS? pain, decrease or increase (rate)

Knee at rest 10.3 119 .86 27
Knee during active 11.0 141 .48 .02°
Knee at night 13.0 16.3 .06° <.001°

Medication use, decrease or increase (%)

Opiate 123.2 1443 .02° .00t
NSAIDs? 19.2 112.8 .08¢ .06¢
Acetaminophen t14.6 t21.0 <.001° <.001°
Gabapentin t4.6 176.3 71 <.001°

Acceptable pain, decrease or increase (%)

Knee at rest 131.3 120.3 Al .25
Knee during active 117.2 1311 .40 .38
Knee at night 1211 136.4 .21 .25

Experience with the executed recommended

b
exercises - exactly enough, decrease or increase (%) 4334 181 02 67

aVAS: visual analog scale. "Significant difference (P<.05). “Trend (.05<P<.10). °NSAIDs: nonsteroidal anti-inflammatory drugs

Adjusted analyses showed that the active PainCoach subgroup had VAS pain scores of 10.0 (IQR
4.0-26.3) at rest, 12.0 (IQR 5.0-25.0) during activity, and 10.0 (IQR 2.8-28.0) at night during the
first 2 weeks at home. Pain was reported as severe on one or more days in 16% (3/19) of patients
from the active PainCoach subgroup. The VAS pain score during activity significantly decreased
4.1times faster in the active PainCoach subgroup when compared with the finding in the control
group (95% Cl =7.5 to —0.8; P=.02) (Figure 2E, Table 3). The VAS pain score at night significantly
decreased 6.3 times faster in the active PainCoach subgroup when compared with the finding in
the control group (95% Cl —10.1to —2.6; P=.001) (Figure 2F, Table 3). The mean opiate use was
0.3 (SD 0.5) tablets a day in the active PainCoach subgroup. Opiate use was significantly reduced
by 44.3% in the active PainCoach subgroup when compared with the finding in the control group
(95% Cl —59.4 to —23.5; P<.001) (Figure 2D-F, Table 3). One month after surgery, no statistically
significant differences in VAS pain scores were found between the active PainCoach subgroup
and control group (Table 4).
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Table 4 Findings in the PainCoach group, active PainCoach subgroup, and control group 1 month after surgery

- 'z?‘i:gg;“h Pza;ig%::h 3. Control (n=33) F(’1“’:g’f F(’Z‘C"s'gf

VAS? pain, median (IQR®)

Knee at rest 1.5 (5.0-20.8) 11.5(4.3-18.8) 10.0 (5.0-25.0) a7 .53

Knee during active 14.0 (7.0-28.8) 12.5(9.3-26.3) 15.0 (8.0-35.0) .49 .59

Knee at night 15.0 (7.0-33.0) 15.0 (5.0-33.0) 15.0 (7.0-27.8) .79 .89
Acceptable pain, n (%)

Knee at rest 31(96.9) 16 (100.0) 28 (96.6) >.99 >.99

Knee during active 30 (93.8) 15 (93.8) 25(86.2) 4 .64

Knee at night 26 (81.3) 14 (87.5) 26 (89.7) .48 >.99
KOOS-PS¢, mean (SD) 36.5 (10.5) 33.5(8.4) 39.6 (9.8) .24 .04¢
OKS¢, mean (SD) 28.4(8.4) 29.9 (9.1) 26.8 (6.2) A2 18
EQ-5Df descr‘iptive 0.775 0.811 0.775 Y 1
system, median (IQR) (0.693-0.843) (0.775-0.857) (0.651-0.811)
FQVASS median (10R) (100900 (100500 (€5.5:395 o6 3

2VAS: visual analog scale. ®IQR: interquartile range. ‘KOOS-PS: Knee Injury and Osteoarthritis Outcome Score-Physical Function
Short-form. ¢Significant difference (P<.05). ©°OKS: Oxford Knee Score. 'EQ-5D: EuroQol-5 Dimensions. °EQ VAS: EuroQol visual
analog scale

Other pain medication use, pain acceptance, and experience with
executed recommended exercises

In the PainCoach group, there was a statistically significant 14.6% increase in acetaminophen use
(95% Cl 8.2-21.3; P<.001) and no statistically significant differences in NSAID use and gabapentin
use when compared with the findings in the control group during the first 2 weeks at home
(Table 3). Overall pain medication use was below the advised maximum in both groups. Pain
acceptance was 86.5% at rest, 86.5% during activity, and 79.4% at night in the PainCoach
group and was 90.4% at rest, 88.6% during activity, and 83.0% at night in the control group,
without statistically significant differences between the two groups. Regarding experience with
executing recommended exercises, the PainCoach group had statistically significant 33.1%
reduced experience with executing exactly enough exercises when compared with the findings
in the control group (69.7% vs. 77.5%; 95% Cl —52.0 to —6.7; P=.02) (Table 3). At 1 month after
surgery, no statistically significant differences were found when comparing both groups (Table 4).

Adjusted analyses comparing the active PainCoach subgroup with the control group showed
statistically significant 21.0% increased acetaminophen use in the active PainCoach subgroup
(95% Cl12.6-30.0; P<.001) during the first 2 weeks at home. Additionally, the active PainCoach
subgroup had statistically significant 76.3% decreased gabapentin use when compared with
the findings in the control group (mean 0.1 [SD 0.3] tablets a day vs. 0.4 [SD 1.0] tablets a day;
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95% Cl —86.0 to —59.8; P<.001) (Table 3). In the active PainCoach subgroup, pain acceptance
was 88.4% at rest, 90.9% during activity, and 87.4% at night. Regarding pain acceptance and
experience with executing recommended exercises, no statistically significant differences were
found between the active PainCoach subgroup and control group (Table 3). One month after
surgery, the mean KOOS-PS was significantly lower in the active PainCoach subgroup (33.5 [SD
8.4]) than in the control group (39.6 [SD 9.8]) (P=.048) (Table 4).

PainCoach app use

Among 28 patients who provided appropriate responses, 25 (89%) reported ease of app use, 22
(79%) found that the app added value, and 22 (79%) would recommend the app to friends and
family. The PainCoach app was used 12 (IQR 4.5-22.0) times per patient on 7 (IQR 4.0-9.0) days
at home. The number of patients with at least one entry in the PainCoach app ranged from 11
(30%) to 26 (70%) per day at home (Multimedia Appendix 2). The app was most frequently used
between 9 and 10 am and mostly for advice on bearable pain.

DISCUSSION

Principal findings

This study aimed to determine the effects of an eHealth app, the PainCoach app, on pain control
and opiate use in patients who underwent TKR during the first 2 weeks at home after surgery.
The hypothesis was that the app would decrease pain and opiate use. As indicated by the main
findings, there was no statistically significant difference in pain scores between the two groups
and opiate use was significantly reduced by 23.2% in the PainCoach group when compared
with the finding in the control group. In the active PainCoach subgroup, however, pain during
activity and at night significantly decreased 4.1and 6.3 times faster, respectively, and opiate use
significantly reduced by 44.3% when compared with the findings in the control group.

Overall, low pain scores and high levels of pain acceptance were found in this study. Only 21%
(8/38) of patients in the PainCoach group and 30% (10/33) in the control group classified their
pain as severe during one or more days at home. Other studies have stated that the most painful
period after TKR surgery was the initial period at home, with 23%-30% of patients rating their
average pain as severe [40,41]. Aside from the use of modern LIA technigues and a step-wise
pain management protocol postoperatively, a possible explanation for the reported low pain
and high acceptance scores in this study could be the guidance program that was provided to
all patients who underwent TKR in Kliniek ViaSana. As less anxiety is associated with lower pain
scores [14,19], the guidance provided might have resulted in less anxiety and therefore lower
pain scores. The reported overall low pain scores also probably explain why no difference in pain
scores was found between the PainCoach group and control group. Although overall pain scores
were low, active use of the PainCoach app resulted in even lower pain scores during activity and
at night when compared with the findings in the control group. These findings are in line with the
results of a previous study showing that pain decreased by 0.7 points on a scale from 0 to 10 in
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patients with OA after online “pain coping skills” training [29]. Others have stated that 80% of
interactive information is remembered compared with 20% of auditory information and 40% of
read information [30,42,43]. As the PainCoach app is an interactive tool, it is logical that active
use will result in better use of the pain management strategies provided and subsequently lower
pain scores.

Opiate addiction caused 74 deaths in the Netherlands in 2016, and this number is increasing each
year [44]. Using the PainCoach app, opiate use reduced by 23.2%, and active PainCoach app
use resultedin a further reduction (44.3%). Because of a lack of standardized opiate prescribing
protocols in orthopedic surgery, it is difficult to compare the reported amount of opiate use in
this study with that in other studies. In one available study, a daily average morphine dose at
discharge of 155 (SD 63) mg was prescribed to patients who underwent TKR, which would be the
equivalent of 11 tablets per day of the opiate used in this study (oxycodon, 5 mg per tablet) and is
far above the average use of 0.4 opiate tablets per day in this study [45]. The low preoperative
opiate use of patients in this study might have contributed to the low opiate use after surgery,
as preoperative opiate use is a strong predictor for prolonged opiate use after TKR [42,46,47].
With lower opiate use, acetaminophen use was higher, with a 14.6% increase in the PainCoach
group and 21.0% increase in the active PainCoach subgroup. It can be concluded that because
of the advice provided by the PainCoach app, opiate use was substituted by acetaminophen use.
Opiate use was only advised in the presence of severe enough reported pain in the app. Therefore,
it is concluded that the app helps to reduce the risk of the adverse effects of opiate use [48,49].

A shorter hospital stay is associated with a higher burden among patients, who need to take
responsibility for aftercare shortly after surgery. Recent studies have shown that patients feel
uncertain and left alone after discharge, which could increase anxiety and affect their pain coping
and subsequent management [50,51]. Patients might need more individualized guidance, and the
PainCoach app was developed to satisfy this need. The app scored high on usability, likelihood of
being recommended to others, and added value. The results of this study show that the PainCoach
app is a successful pain management tool, and its active use is recommended for the best effects
on pain and opiate use.

To our knowledge, this is the first randomized controlled trial to examine the effects of eHealth
with regard to controlling pain and reducing opiate use after TKR. The strengths of this study
are that the actual amount of app use was measured and because of the unique download codes
adopted, it was not possible for the control group to use the PainCoach app. The shortcomings
are that the additional analysis was underpowered and the cost-effectiveness of the PainCoach
app was not investigated. Furthermore, as there is no short validated questionnaire in Dutch for
measuring pain acceptance, an expert group decided to assess pain acceptance using happy and
sad smileys as the best alternative. In the population of this study, opiate use was already low.
The app might have a much stronger effect in patient populations where preoperative opiate use
is much higher. It is questionable if the PainCoach app is effective in the overall TKR population,
as this study investigated the effects in patients having ASA I-Il and BMI =35, which represent
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around 80% of the total TKR population [52,53]. Future research should focus on a larger sample
size of the total TKR population, determination of the cost-effectiveness of the app, and use of
the app in populations that have much higher preoperative opiate use.

CONCLUSIONS

The use of the PainCoach app contributes to reduced opiate use in the initial period at home after
TKR. Active use of this app leads to further reduction in opiate use and improved pain control.
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MULTIMEDIA APPENDIX 1.

Pain management protocol

Table 1 Pain Management Protocol

Medication Intake Dosage

Gabapentin 2 hours before surgery 2 tablets 600 mg
Pre-operative Acetaminophen 2 hours before surgery 2 tablets 1000 mg

(Paracetamol)

NSAID? (Diclofenac) 2 hours before surgery 1tablet 50 mg

Per-operative LIAP

Ropivacaine 2 mg/ml and Adrenalin 1 mg/ml at a total
volume of 100 m/

LIA 1:injection of 2 x 20 ml Ropivacaine 2 mg/ml with
Adrenalin in the posterior joint capsule and both collateral
ligaments before the prosthesis was placed.

LIA 2: After placement of the prosthesis, 2 x 20 ml
Ropivacaine 2 mg/ml with Adrenalin injections along the
edges of the tibia, in the capsule and in fat and soft tissue
around the joint were injected.

LIA 3: Inject 20 ml Ropivacaine 2 mg/ml without Adrenalin in
subcutaneously layers before the wound was stitched.

Acetaminophen

(Paracetamol) 2 tablets, 4 times per day 500 mg
NSAID? (Diclofenac) 1tablet, 3 times per day 50 mg
Post-operative . Day of surgery 10.00 pm 300 mg
during admission Gabapentin Day after surgery 08.00 am 300 m
9 Thereafter at indication 9
If necessary (NRS > 4)
Opiate (Oxynorm / Maximum of 1tablet, 3 times per day 5mg
oxycodon)
Acetaminophen 2 tablets, 4 times per day (until day 14 after
500 mg
(Paracetamol) surgery)
Post-operative In presence of pain
at home - . .
Usually 1or 2 NSAID® (Diclofenac) ]Sfjarbfrt'f times per day (until day 7 after 50 mg
nights after gery
surger i
gery Opiate (Oxynorm / Maximum of 1tablet, 3 times per day 5mg
oxycodon)
Gabapentin At indication on doctor's prescription

aNSAID: non-steroidal anti-inflammatory drug. °LIA: local infiltration anesthesia
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MULTIMEDIA APPENDIX 2.

Content and use of the PainCoach app

Table 1 Short schematic overview PainCoach app content

[Rests Inputted pain
operative Ie\'l’el P Pain medication advice Other advice
days
= Acetaminophen (Paracetamol): 2
tablets, 4 times per day. Dosage = Execute exercises.
No pain 500 mg. = Rest between exercises:
= NSAID (Diclofenac)® 1tablet, 3 immobilising the operated leg.
times per day. Dosage: 50 mq.
= Acetaminophen (Paracetamol): 2 « Execute exercises
tablets, 4 times per day. Dosage - y
Bearable pain 500 mg = Useice and heat packs.
= NSAID (Diclofenac): 1tablet, 3 * Restbetween exercises:
times per day. Dosage: 50 mg. immobilising the operated leg.
= Acetaminophen (Paracetamol): 2
1-2 tablets, 4 times per day. Dosage . . .
500 mg = Execute exercises without forcing.
« NSAID (biclofenac)*] tablet. 3 Contact physiotherapist for advice.
Unbearable pain X o ! = Useice and heat packs.
times per day. Dosage: 50 mg. = Rest between exercises:
= Opiate (Oxynorm / oxycodon): ) s y
Maximum of 1 tablet, 3 times per immobilising the operated leg.
day. Dosage: 5 mg.
= Execute exercises without forcing.
Contact physiotherapist for advice.
Untenable pain Call the clinic. = Useice and heat packs.
= Rest between exercises:
immobilising the operated leg.
Acetaminophen (Paracetamol): 2 = Execute exercises.
No pain tablets, 4 times per day. Dosage 500 = Rest between exercises:
mg. immobilising the operated leg.
= Acetaminophen (Paracetamol): 2 « Execute exercises
tablets, 4 times per day. Dosage B §
Bearable pain 500 mg = Useice and heat packs.
= NSAID (Diclofenac) 1tablet, 3 * Restbetween exercises:
times per day. Dosage: 50 mg. immobilising the operated leg.
= Acetaminophen (Paracetamol): 2
tablets, 4 times per day. Dosage
3-7 500 mg. = Execute exercises without forcing.

Unbearable pain

Untenable pain

= NSAID (Diclofenac)® 1tablet, 3
times per day. Dosage: 50 mg.

= Opiate (Oxynorm / oxycodon):
Maximum of 1tablet, 3 times per
day. Dosage: 5 mg.

= Call the clinic for gabapentin at

indication on doctor’s prescription.

Call the clinic.

Contact physiotherapist for advice.
= Useice and heat packs.
= Rest between exercises:
immobilising the operated leg.

= Execute exercises without forcing.
Contact physiotherapist for advice.

= Useice and heat packs.

= Rest between exercises:
immobilising the operated leg.
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Table 1 Short schematic overview PainCoach app content (continued)

e Inputted pain
operative Ie\?el P Pain medication advice Other advice
days
Acetaminophen (Paracetamol): 2 = Execute exercises.
No pain tablets, 4 times per day. Dosage 500 = Rest between exercises:
mg. immobilising the operated leg.
Acetaminophen (Paracetamol): 2 " Exe;ute Exercises.
. ; = Useice and heat packs.
Bearable pain tablets, 4 times per day. Dosage 500 N
= Rest between exercises:
mg. . .
immobilising the operated leg.
= Acetaminophen (Paracetamol): 2
tablets, 4 times per day.
= Dosage 500 mg. . . .
8-14 « NSAID (Diclofenac)” 1 tablet, 3 = Execute exercises W|thout forcmg.
times per dav. Dosage: 50 m Contact physiotherapist for advice.
Unbearable pain P v 9e: g- = Useice and heat packs.

= Opiate (Oxynorm / oxycodon):
Maximum of 1tablet, 3 times per
day. Dosage: 5 mg.

= Call the clinic for gabapentin at
indication on doctor's prescription.

= Rest between exercises:
immobilising the operated leg.

= Execute exercises without forcing.
Contact physiotherapist for advice.
Untenable pain Call the clinic. = Useice and heat packs.
= Rest between exercises:
immobilising the operated leg.

2NSAID: non-steroidal anti-inflammatory drug

Mijn Tijdlijn

#= 2 dagen na behandeling

eel pijn heeft u? /@l Nahetopstaan:

Gerelateerde informatie:

4% 3dagen na behandeling

12:00 uur:

15:00 uur:

Mijn Tidiin

Fig. 1 Screenshots of PainCoach app showing how the PainCoach app works and how the content
was presented to the patients
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Fig. 2 Patients with at least one entry in the PainCoach app per day at home
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ABSTRACT

Background

The digital transformation in health care has been accelerated by the COVID-19 pandemic. Video
consultation has become the alternative for hospital consultation. It remains unknown how to
select patients suitable for video consultation.

Objective
This study aimed to develop a tool based on patient-reported outcomes (PROs) to triage total hip
arthroplasty (THA) patients to hospital or video consultation.

Methods

A pilot study with expert panels and a retrospective cohort with prospectively collected data
from 1228 THA patients was executed. The primary outcome was a PRO triage tool to allocate
THA patients to hospital or video consultation 6 weeks postoperatively. Expert panels defined
the criteria and selected the patient-reported outcome measure (PROM) questions including
thresholds. Data were divided into training and test cohorts. Distribution, floor effect, correlation,
responsiveness, PRO patient journey, and homogeneity of the selected questions were
investigated in the training cohort. The test cohort was used to provide an unbiased evaluation
of the final triage tool.

Results

The expert panels selected moderate or severe pain and using 2 crutches as the triage tool
criteria. PROM questions included in the final triage tool were numeric rating scale (NRS) pain
during activity, 3-level version of the EuroQol 5 dimensions (EQ-5D-3L) questions 1 and 4, and
Oxford Hip Score (OHS) questions 6, 8, and 12. Of the training cohort, 201 (201/703, 28.6%)
patients needed a hospital consultation, which was statistically equal to the 150 (150/463, 32.4%)
patients in the test cohort who needed a hospital consultation (P=.19).

Conclusions

A PRO triage tool based on moderate or severe pain and using 2 crutches was developed.
Around 70% of THA patients could safely have a video consultation, and 30% needed a hospital
consultation 6 weeks postoperatively. This tool is promising for selecting patients for video
consultation while using an existing PROM infrastructure.
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INTRODUCTION

The digital transformation in health care has been accelerated by the COVID-19 pandemic. Health
care institutions are challenged by precautionary measures to contain COVID-19 while continuing
to provide health care. Especially, managing the physical flow of patients is challenging. After
the pandemic, hospitals will begin to eliminate their waiting lists while maintaining a normal
patient flow, and they will be challenged again. As a solution, video consultation has become
an alternative to the traditional hospital consultation. The number of hospital consultations has
dropped by 30%, and the number of telemedicine visits has increased 5-fold [1].

Currently, video consultation provides health care institutions and clinicians the opportunity
to increase office efficacy and cost-effectiveness in an era of decreasing reimbursements and
increasing time constraints [2-4]. From the patient's perspective, it can also improve care efficacy
and patient satisfaction as well as eliminating travel time and expenses [1,2]. However, not all
patients might benefit from video consultation, and it is unknown how to select patients suitable
for video consultation.

Orthopedic associations in many countries advise hospitals to collect patient-reported outcomes
(PROs) of total hip arthroplasty (THA) using selected patient-reported outcome measures (PROMs)
to evaluate health care and improve patient care [5,6]. To prevent extra burden in time and costs,
it would be efficient to apply these PROs to select which patients need a hospital consultation and
who can have a video consultation instead. Therefore, the aim of this study was to develop a tool
based on PROs to triage THA patients to hospital or video consultation 6 weeks postoperatively.
It was hypothesized that 10% of the THA patients would need a hospital consultation, as around
90% of the performed THAs result in a favorable outcome [7-9].

METHODS

Overview

A pilot study with expert panels and a retrospective cohort with prospectively collected data
from THA patients was performed. Regarding the cohort, patients were included in this study if
they signed the informed consent form preoperatively to allow further scientific analysis using
their anonymized data. Therefore, the institutional review board ruled that formal approval was
not required for this study. There were no exclusion criteria.

Outcomes

The primary outcome was a PRO triage tool to allocate THA patients to a hospital consultation
or a video consultation for their 6-week postoperative consultation. Hospital consultation was
defined as needing a physical examination or other examination, such as an X-ray, for which a
patient really needed to be in the hospital. If no hospital consultation was needed, patients were
allocated to a video consultation. According to the Dutch guidelines, patients should be seen 6
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to 12 weeks after a THA [10], which is mostly held at 6 weeks. As it is advised to collect the first
postoperative PROs at 3 months and not at 6 weeks [6], the 3-month PROs were considered the
most appropriate for this study. Based on previous studies, the assumption was made that there
are limited clinically relevant differences between PROs at 6 weeks and 3 months postoperatively
[11,12].

Measurements

Measurements were divided into 3 parts: (1) expert panels defined the criteria and selected the
PROM questions, including the thresholds; (2) investigation of the clinimetric qualities of selected
qguestions or triage criteria groups in the retrospective cohort with prospectively collected data;
and (3) evaluation of the final triage tool.

Selection by expert panels

Two expert panels were created: clinical expert panel and research expert panel. The clinical
expert panel consisted of 4 high-volume THA orthopedic surgeons from 2 different health care
institutions. The research expert panel consisted of 3 researchers from 2 different health care
institutions. As step one, the clinical expert panel defined the clinical triage criteria for the
triage tool. These clinical triage criteria were based on the clinical disabilities for which patients
needed to have a physical examination or other examination, such as an X-ray. As the second step,
based on the clinical triage criteria, the research expert panel selected the appropriate PROM
guestions, including the thresholds, based on previous studies. As step three, these questions
and their thresholds were presented to the clinical expert panel to discuss if these questions
and/or thresholds covered the clinical triage criteria. If no threshold was reported in previous
studies, the threshold was set using clinical reasoning by the clinical expert panel. These steps
resulted in the PROM questions, including the thresholds, that were determined to be clinically
relevant for the triage tool.

Clinimetric qualities of selected questions or triage criteria groups

The retrospective cohort with prospectively collected data consisted of patients who underwent
surgery between January 2016 and December 2018 in a medium-sized orthopedic hospital (Kliniek
ViaSana, Mill, The Netherlands). Therefore, patients were characterized by an American Society
of Anesthesiologists (ASA) score of I-Il and BMI =35. Four high-volume, experienced orthopedic
surgeons performed the primary posterolateral THAs. Length of stay was generally 1 or 2 days.

The dataincluded patient characteristics, PROM response rates, and PROs. Patient characteristics
were age on the day of surgery, gender, preoperative BMI, ASA scores, and preoperative Charnley
scores collected from the electronic patient records. Response rates were calculated as the
number of returned questionnaires that were partially or totally completed divided by the number
of THAs minus the number of THAs of patients who were deceased (returned questionnaires
/ [THAs - THAs of patients who were deceased]) [5]. PROs were primary digitally collected
(OnlinePROMSs, Rosmalen, The Netherlands). If patients were unable to handle a computer, paper
guestionnaires were sent. A maximum of 2 reminders to complete the PROMs were sent [13]. PROs
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were collected preoperatively and 3 and 12 months postoperatively according to the advice of the
Dutch Orthopedic Association. This advice included the following questionnaires: numeric rating
scale (NRS) pain at rest, NRS pain during activity, 3-level version of the EuroQol 5 dimensions (EQ-
5D-3L), Hip disability and Osteoarthritis Outcome Score - Physical Function Shortform (HOOS-PS),
Oxford Hip Score (OHS), and an anchor question about functional improvement [6].

Pain at rest and pain during activity were both measured using an NRS question scored from
0 (no pain) to 10 (severe pain). Quality of life was assessed using the EQ-5D-3L questionnaire
consisting of 2 parts: EQ visual analogue scale (EQ VAS; 0-100, with O as the worst imaginable
health state and 100 as the best imaginable health state) and EQ-5D descriptive system existing
of 5 questions about 5 dimensions. These 5 dimensions are mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression, scored from 1 (no problems) to 3 (extreme problems)
[14]. Furthermore, hip function was measured using the HOOS-PS questionnaire, on a scale from
0 (no difficulty) to 100 (extreme difficulty). This questionnaire consists of 5 questions scored from
0 (no difficulty) to 5 (extreme difficulty) [15,16]. Hip function and pain were assessed using the
OHS questionnaire, with scores ranging from O (most severe symptoms) to 48 (least symptoms).
This questionnaire consists of 12 questions scored from O (no difficulty) to 4 (extreme difficulty)
[17]. Moreover, functional improvement was inquired on a 7-point Likert scale question ranging
from 1 (very much deteriorated) to 7 (very much improved).

Regarding the investigation of the clinimetric qualities of selected questions or triage criteria
groups by the expert panels, the cohort was divided into 2 groups: training cohort of patients
who underwent surgery in 2016 or 2017 and a test cohort of patients who underwent surgery in
2018. To assess which questions were appropriate for the triage tool, the following clinimetric
qualities were investigated per selected question in the training cohort: distribution, floor effect,
correlation, responsiveness, and PRO patient journey. PRO patient journey was defined as a
changein recovery over time. Regarding distribution, if the question did not show any distinction
(median and IQR on the same level), the question was found not to be an appropriate question
for the triage tool. For floor effect, if more than 15% of the patients scored the worst score [18],
the question had a problem with the floor effect and was not an appropriate triage tool question.
Investigating correlation, if the question was correlated (r=.7) with another selected question(s)
[19], this question or one of the other(s) could be chosen instead of all the questions for the
triage tool. Regarding responsiveness, if a question was not responsive (P>.05) [20,21], it did not
distinguish well between clinical relevance and lack of clinical relevance and was not included in
the tool. Furthermore, the PRO patient journeys of patients with a worse score and of patients
with a better score than the threshold were investigated. If patients with a worse score on a
question at 3 months scored well on that question at 12 months, this question was not included in
the triage tool. To assess which questions within the selected triage criteria group (for example
pain) were appropriate for the triage tool, homogeneity was investigated per triage criteria group
in the training cohort. If the homogeneity increased by removing a certain question from this
group (Cronbach oa».7) [18,19], this question did not fit in this group and could be removed from
the triage tool.
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Evaluation of the final triage tool

The final triage tool was applied in the test cohort to provide an unbiased evaluation of the final
tool fitted on the training dataset. Results in both cohorts were compared to investigate the
hypothesis.

Statistical analysis

Results are reported as mean (SD), median (IQR), or n (%) based on the test performed. To
investigate if there was any difference in patient characteristics, response rates, and preoperative
PROs between the training and test cohorts, continuous variables were first checked for a normal
distribution. Second, independent t tests or Mann-Whitney U tests for continuous variables were
executed depending on the distribution of the data, and Pearson chi-square or Fisher exact tests
were executed for categorical variables.

Distribution was investigated with a boxplot distribution, floor effect was determined by
calculating the percentage of patients with a minimum score, and correlation was assessed with
Spearman correlation analyses. Responsiveness was evaluated by performing Wilcoxon signed
rank tests on the change in preoperative and 3-month scores [20,21]. The PRO patient journey of
patients with a worse or better score than the threshold on a question at 3 months was evaluated
by boxplot distribution at 12 months. Homogeneity was investigated with a reliability analysis,
including “scale if item deleted.” Before this analysis was executed, NRS pain and EQ-5D-3L
guestions were recoded to the same direction as the OHS questions.

Finally, the triage tool was applied for both training and test cohorts. To test the hypothesis, the
numbers of hospital and video consultations for both cohorts were compared using Pearson
chi-square or Fisher exact tests.

An o of .05 was considered statistically significant. Statistical analyses were performed using
SPSS version 25.0 (IBM Corp, Armonk, NY).

RESULTS

Selection by expert panels

“Having moderate or severe pain” and “using 2 crutches” were defined as the triage criteria by the
clinical expert panel (step 1). For the criterion of “having moderate or severe pain,"” the research
expert panel selected the following PROM questions: NRS pain at rest, NRS pain during activities,
EQ-5D-3L question 4, and OHS questions 1, 8,10, and 12. For both NRS pain questions, previous
studies reported thresholds of =3 for no or mild pain and >3 for moderate to severe pain [22,23].
For the criterion of “using 2 crutches,” EQ-5D-3L question 1 and OHS guestion 6 were selected
(step 2). The clinical expert panel assessed the selected questions, even the NRS pain question
thresholds, as appropriate. The other thresholds were discussed and defined (step 3; Table 1).
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Table 1 Triage criteria, selected clinical relevant questions, and defined thresholds by expert panels

Triage criteria and
selected PROM?
question

PROM guestion (score range)

Defined threshold

Having moderate or severe pain

NRSP pain at rest

NRS pain during
activity

EQ-5D-3L¢ question 4

OHS9 question 1

OHS question 8

OHS question 10

OHS question 12

How much pain from your hip (surgery side) did you
experience at rest in the last week?
(0-10)

How much pain from your hip (surgery side) did you
experience during activity in the last week? (0-10)

Pain/discomfort (1-3)

During the past 4 weeks...
How would you describe the pain you usually had from
your hip? (0-4)

During the past 4 weeks...

After a meal (sitting at a table), how painful has it been
for you to stand up from a chair because of your hip?
(0-4)

During the past 4 weeks........
Have you had any sudden, severe pain - “shooting”,
“stabbing” or “spasms” - from the affected hip? (0-4)

During the past 4 weeks...
Have you been troubled by pain from your hip in bed at
night? (0-4)

=4
=3 (extreme pain)

=<1(moderate or
severe)

<2 (moderate, very,
unbearable)

=<1(most or every)

<2(@3or4,50r
6, all)

Using two crutches

EQ-5D-3L question1

OHS question 6

Mobility (1-3)

During the past 4 weeks...

For how long have you been able to walk before pain
from your hip becomes severe (with or without a stick)?
(0-4)

=3 (confined to
bed)

<2 (5-15 minutes,
around the house
only, not at all)

2PROM: patient-reported outcome measure. °NRS: numeric rating scale. ‘EQ-5D-3L: 3-level version of the EuroQol 5 dimensions.

90HS: Oxford Hip Score

Clinimetric qualities of selected questions or triage criteria groups

Response rates were statistically significantly equal between both training (n=746) and test
(n=482) cohorts preoperatively (745/746, 99.9% versus 482/482, 100%; P=.99) and at 3
months (703/746, 94.2% versus 463/482, 96.1%; P=.24) and 12 months (693/746, 92.9% versus
457/482, 94.8%; P=.29) postoperatively. The training cohort consisted of significantly fewer
patients than in the test cohort with an ASA | score (399/746, 53.5% versus 287/482, 59.5%;
P=.04), lower Charnely scores (P=.048), higher preoperative HOOS-PS scores (median 46.1, IQR
37.7-55.9 versus median 46.1, IQR 33.9-55.9; P=.01), and lower preoperative OHS scores (median
24.0, IQR 19.0-29.0 versus median 25.0, IQR 19.0-31.0; P=.03; Table 2). The clinical expert panel
assessed these differences as not clinically relevant to correct for.
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Table 2 Characteristics of training and test cohorts

Training cohort

Test cohort

Characteristics (n=746) (n=482) P value
Response rate, n (%)
Preoperative 745 (99.9) 482 (100) .99
3 months postoperative 703 (94.2) 463 (96.1) .24
12 months postoperative 693 (92.9) 457 (94.8) .29
Patient characteristics
Age (years), median (IQR) 66.5 (61.0-72.0) 66.0 (60.0-72.0) 73
Gender (male), n (%) 295 (39.5) 206 (42.7) .27
BMI (kg/m?), median (IQR) 26.1(24.1-28.4) 26.3(24.1-28.5) .48
ASA?score (1), n (%) 399 (53.5) 287 (59.5) .04
Charnley score .048

One hip affected with OA®, n (%) 163 (21.8) 108 (22.4)

Both hips affected with OA, n (%) 309 (41.4) 196 (40.7)

Contra lateral hip OA, n (%) 163 (21.8) 82 (17.0)

Multiple joints affected with OA, n (%) 11(14.9) 96 (19.9)
Preoperative PROs®, (median (IQR))
NRS¢ pain at rest score 6.0 (4.0-7.0) 6.0 (3.8-7.0) 18
NRS pain during activity score 8.0 (7.0-9.0) 8.0 (7.0-8.0) 13
HOOS-PSe score 46.1(37.7-55.9) 46.1(33.9-55.9) .01
EQ-5D descriptive systemf 0.693(0.298-0.775)  0.693 (0.569-0.775) 16
EQ VAS? 76.0 (63.3-89.8) 77.0 (60.0-86.3) .82
OHSh 24.0 (19.0-29.0) 25.0 (19.0-31.0) .03

2ASA: American Society of Anesthesiologists. POA: osteoarthritis. ‘PROs: patient-reported outcomes. {NRS: numeric rating
scale. ¢HOOS-PS: Hip disability and Osteoarthritis Outcome Score - Physical Function Shortform. ‘EQ-5D descriptive system:
EuroQol 5 dimensions descriptive system. “EQ VAS: EuroQol visual analogue scale. "OHS: Oxford Hip Score

Regarding the guestions or triage criteria groups selected by the expert panels (Table 1), OHS
guestion 10 showed no distribution. For floor effect, <15% of patients scored the minimum score
on all questions separately. All questions were significantly correlated with each other (P<.001).
Regarding correlations =0.7, NRS pain during activity correlated with NRS pain at rest (r=0.659,
P<.001) and OHS question 1 (r=-0.676, P<.001; Table 3). Furthermore, all questions were shown
to be responsive (P<.001; Table 4). Regarding the PRO patient journey, patients with a worse
score than the threshold also reported worse scores at 12 months than patients with a better
score than the threshold. Only one patient with a better score than the threshold on EQ-5D-3L
guestion 1at 3 months had a 12-month score (Table 5). The other questions included =11 patients
below or above the threshold. Regarding homogeneity, a Cronbach a of 0.818 was found for the
triage criteria group “pain.” When one of the questions in this group was removed, the Cronbach
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o was maintained at above 0.7. The triage criteria group “crutches” scored a Cronbach a of

0.628. As there were 2 questions in this group, none of them could be removed to investigate

the Cronbach a.

Table 3 Distribution, floor effect, and correlation per selected patient-reported outcome measure (PROM)

question
o . Distribution, Floor effect, .
PROM:? question median (IQR) n (%) Correlations
Correlations (r)° Correla.ted P value
gquestion
NRS¢ pain at rest 0 (0-1) 3¢(0.4) 0.659 NRS pain during -
activity
. . - 0.659; NRS pain at rest;
- d
NRS pain during activity 2 (0-3) 44(0.6) -0.676 OHS® question 1 Both <.001
EQ-5D-3L" question 4 1(1-2) 139(1.9) none N/A® N/A
OHS question 1 3(3-4) 69(0.9) -0.675 NRS pain during ¢
activity
OHS question 8 3(3-4) 09(0.0) none N/A N/A
OHS question 10 4 (4-4) 21(0.3) none N/A N/A
OHS question 12 4(3-4) 321(4.6) none N/A N/A
EQ-5D-3L question 1 1(1-2) 21(0.3) none N/A N/A
OHS question 6 4 (3-4) 31(0.4) none N/A N/A

2PROM: patient-reported outcome measure. "Statistically significant correlations >0.6 or <-0.6 are presented. “NRS: numeric
rating scale. ©n=703. “OHS: Oxford Hip Score. '/EQ-5D-3L: 3-level version of the EuroQol 5 dimensions. °n=693. "N/A: not

applicable.'n=694.n=690

Table 4 Responsiveness for each patient-reported outcome measure (PROM) question

Preoperative,

3 months postoperative,

PROM guestion median (IQR) median (IQR) P value
NRS? pain at rest 6 (4-7) 0 (0-1) <.001
NRS pain during activity 8 (7-9) 2(0-3) <.001
EQ-5D-3L° question 4 2(2-3) 1(1-2) <.001
OHS¢ question 1 1(0-1) 3(3-4) <.001
OHS question 8 2(2-3) 3(3-4) <.001
OHS question 10 2(1-3) 4 (4-4) <.001
OHS question 12 2(0-3) 4 (3-4) <.001
EQ-5D-3L guestion1 2(2-2) 1(1-2) <.001
OHS question 6 2(2-3) 4(3-4) <.001

aNRS: numeric rating scale. °(EQ-5D-3L: 3-level version of the EuroQol 5 dimensions. “OHS: Oxford Hip Score
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Table 5 Patient journey per patient-reported outcome measure (PROM) question

Defined 12 month score of patients 12 month score of patients
PROM question threshold with a score below threshold with a score above threshold
at 3 months, median (IQR) at 3 months, median (IQR)
NRS? pain at rest =4 0 (0-1) 2 (0-5)
NRS pain during activity =4 0 (0-1) 2(0-4)
EQ-5D-3L° question 4 =3 1(1-2) 2 (1.5-2)
OHSe< question 1 =1 3(2-4) 4 (3-4)
OHS question 8 =<2 3(3-4) 4 (4-4)
OHS question 10 <1 4 (2.5-3) 4 (4-4)
OHS question 12 =<2 3(1.5-4) 4 (4-4)
EQ-5D-3L question 1 >3 1(1-2) 1(-1)¢
OHS question 6 =2 3(2-4) 4 (4-4)

aNRS: numeric rating scale. "(EQ-5D-3L: 3-level version of the EuroQol 5 dimensions. <OHS: Oxford Hip Score. ¢n=1

Based on the clinimetric qualities of selected questions or triage criteria groups, NRS pain at rest,
OHS question 1, and OHS question 10 were removed from the triage tool. The final triage tool
consisted of NRS pain during activity; EQ-5D-3L questions1and 4; and OHS questions 6, 8, and 12.

Evaluation of the final triage tool

The final triage tool resulted in 201 (201/703, 28.6%) patients in the training cohort needing a
hospital consultation, which was statistically equal to the 150 (150/463, 32.4%) patients in the
test cohort who needed a hospital consultation (P=.19).

DISCUSSION

This study aimed to develop a tool based on PROs collected using an existing PROM infrastructure
to triage THA patients to hospital or video consultation 6 weeks postoperatively. As the main
finding, a triage tool based on PROM questions measuring moderate or severe pain and whether
the patient used 2 crutches was developed. The included questions were NRS pain during activity;
EQ-5D-3L questions 1 and 4; and OHS questions 6, 8, and 12. Applying the final triage tool in
both the training and test cohorts resulted in the same outcome: Around 70% of the patients
could safely have a video consultation, and 30% needed to have a hospital consultation 6 weeks
postoperatively. Therefore, this PRO triage tool is a promising instrument to select patients
for video consultation while using an existing PROM infrastructure. The next step is to further
investigate this triage tool in daily practice.

This study showed that 70% of the hospital consultations for THA patients 6 weeks postoperatively
could safely be done by video. It was hypothesized that 10% of the THA patients would need a
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hospital consultation. First, the result that 30% of patients needed a hospital consultation could
be explained by the focus of the clinical expert panel. As the experts’ beginning point was seeing
all patients during a hospital consultation (100%), by developing the triage tool, they desired to
see all patients who potentially needed a physical examination or other examination, such as
an X-ray, during a hospital consultation. Furthermore, they desired to prevent obtaining more
consultations by needing to schedule a hospital consultation after a video consultation. Both
implicitly resulted in more liberal criteria for a hospital consultation leading to more patients
triaged to a hospital consultation. Second, it could be that specific questions are missing from
the triage tool. It was hypothesized that, after an investigation of the triage tool in daily practice,
the criteria for the triage tool could be improved, achieving the right health care for each patient
and a further reduction in hospital consultations. It would be interesting to investigate how many
additional hospital consultations would be needed if the tool triages to video consultation and
which PROs are different for patients with an additional hospital consultation.

It is essential to understand that the PRO triage tool is not a tool on its own, but it is the first
step in the selection of patients who need a hospital consultation and those who can have a
video consultation instead. PROs and clinical judgment produce complementary data and when
combined, provide a more accurate description of the patients' symptoms [24]. Therefore, using
the current PRO triage tool, clinicians should have the ability to change the outcome of the
tool. To further develop the triage tool, it would be interesting to investigate how many times
clinicians decide to change the outcome and which PROs are different for the patients whose
clinicians decide to change the outcome. Furthermore, it would be interesting to take the patient’s
preference into account.

Previous studies reported that patients rate their video consultations as excellent or very
good (92%-95%) [25,26]. The patient no-show rate has been reported at 2.8%, and their
mean estimated saved travel time is 30 minutes [25]. Furthermore, 82% would recommend
video consultation to family and friends [26]. AlImost all clinicians rate their video consultation
experience as very good or excellent (92%). They are comfortable with executing this type of
consultation after 1to 4 sessions (69%) [25]. Therefore, video consultation is a serious alternative
for hospital consultation. Numbers could be improved when appropriate patients for video
consultation are selected, which makes the developed PRO triage tool a promising instrument.

As a first strength of this study, to the authors' knowledge, this is the first study in which a tool
to triage patients to hospital or video consultation was developed. Second, high response rates
preoperatively and even postoperatively (above 90%) were achieved, resulting in a representative
cohort to execute this study and to generalize the results to the total THA population. A third
strength is the application of the training and test cohorts to provide an unbiased evaluation of
the final tool.

As a limitation of this study, the triage tool was not investigated in a prospective cohort, and
aspects of reliability, validity, sensitivity, and specificity of the triage tool were not investigated yet.
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Furthermore, 3-month PROs were used instead of 6-week PROs, as, although based on previous
studies, the assumption was made that there is limited clinically relevant difference between
PROs at 6 weeks and at 3 months postoperatively [11,12]. Future research should be executed in
a prospective cohort, and aspects of reliability, validity, sensitivity, and specificity need to be
investigated to further develop the THA PRO triage tool. The triage tool could be improved by
investigating which PROs are different for patients with additional hospital consultations after
being triaged to video consultation or for patients whose clinician decided to change the outcome
of the triage tool. After improving the triage tool, it would be interesting to investigate if and which
of the patients triaged to video consultation may not require a consultation at all.

CONCLUSION

A THA PRO triage tool based on moderate or severe pain and using 2 crutches was developed.
Around 70% of THA patients could safely have a video consultation, and 30% of patients needed
a hospital consultation 6 weeks postoperatively. This tool is promising for selecting patients for
video consultation while using an existing PROM infrastructure.
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Chapter 10

With the shift to a more patient centred orthopaedic health care, measuring patient-reported
outcomes (PROs) of hip and knee arthroplasty patients using selected patient-reported outcome
measures (PROMs) became the gold standard. The aim of this thesis was to investigate how
routine PRO collection can be optimized (part I) and subsequently how health care can be
optimized with routine use of PROs (part Il) in hip and knee arthroplasty. In this chapter a short
overview of the context of this thesis is presented, the main findings are highlighted and reflected
on, and recommendations for future steps are suggested.

CONTEXT

Daily practice shows a large diversity between health care institutions in their success of PRO
collection and how they use PROs to improve health care. Wide ranges in response rates (RRs)
are observed in both the Dutch and international arthroplasty registries [1, 2]. Routine PRO
collection and routine PRO use have been increased, however, multiple PRO-related questions
remain unanswered. From that perspective, it is questionable if the current PRO collection and
use are justifiable from an ethical and value-based health care perspective. Although examples
and recommendations how to collect [3-11] and use PROs exist [12-14], scientific evidence on how
to optimize routine PRO collection and how to optimize health care with routine use of PROs in
hip and knee arthroplasty is lacking.

What does this thesis add to the scientific evidence regarding PRO(M)s

in arthoplasty health care?

= An automated PRO collection system with additional manual steps results in a two times
higher PROM RR for patients responding at all time points and adds a cost of €6 per surgical

procedure compared to the use of an automated system alone (Chapter 3).

= To draw valid conclusions on PROs, a minimum RR (MRR) of 60% is advised (Chapter 4).
= Only 16% of the Dutch health care institutions reaches this advised 60% on their total hip
arthroplasty (THA) PRO collection. Therefore, it remains questionable if the aim ‘improving

arthroplasty health care'is achieved at the Dutch national level by collecting PROs (Chapter 5).

= When routine PRO collection is sufficient (RR 260%), PROs are routinely useful to optimize
health care. Scientifically investigated examples:

o PROs are useful to gain knowledge for shared decision making and for making recommen-
dations to stakeholders on choosing a mobile bearing or a fixed bearing implant design for
patients with a medial unicompartmental knee arthroplasty (UKA) performed by a high-
volume surgeon. This is an example of health care evaluation (Chapter 6).

o PROs are not clinically relevant useful to gain knowledge for shared decision making and for
making recommendations to stakeholders by preoperatively predicting patient satisfaction
after a total knee arthroplasty (TKA) (Chapter 7).

o A PRO based app, called PainCoach app, is useful to guide TKA patients after surgery in
pain control and opiate use (Chapter 8).
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o PROs are useful to triage THA patients to whether a traditional hospital consultation is
needed or alternatively a video consultation is adequate (Chapter 9).

Based on these results, the next steps in optimizing routine PRO collection in hip and knee
arthroplasty are defined: besides an automated system additional manual steps, requiring extra
budget, are needed to have a sufficient (RR =60%) routine PRO collection (part | of this thesis).
Furthermore, when routine PRO collection is sufficient, examples show how health care can
be optimized with routine use of PROs in hip and knee arthroplasty (part Il of this thesis). A
coordinated effort of all stakeholders has to be initiated to improve routine PRO collection and
routine PRO use to optimize health care.

REFLECTION ON MAIN FINDINGS

Part I: Optimizing the routine PRO collection

In the last decades, health care has been digitalized to a large extend. Software programmes
have been developed to facilitate PRO collection by creating online access for patients and for
health care institutions employees, and by automating collection steps. In addition to previous
studies [3-11,15], chapters 3 and 4 show next steps how to optimize routine PRO collection in hip
and knee arthroplasty. Chapter 3 is one of the first studies that creates transparency in the effort
and costs needed for PRO collection. It shows that a two times higher RR is achievable using
an automated system with additional manual steps compared to an automated system alone.
This applies to all types of orthopaedic surgeries as well as for only hip and knee arthroplasty
procedures separately. However, these additional manual steps add a cost of €6 per surgical
procedure on top of the costs for automated PRO collection alone (Chapter 3). Still, collecting
PROs routinely of all operated orthopaedic patients is recommend based on three reasons. (1)
PRO collection for a larger group of patients reduces the cost per patient because the shared fixed
costs (e.g. alicence for the an automated system) (Chapter 3). (2) In addition, incorporating PRO
collection in daily health care for all patients to create routine is one of the keys to increase RR
[3, 5, 6]. Mainly because, in general, automatic behaviour is dominant over exceptional behaviour.
(3) Furthermore, from an ethical perspective, it cannot be justified that surgeons, health care
institutions and other stakeholders only should know what the results of arthroplasty patients
are instead of all operated orthopaedic patients.

To justify the costs, an important factor to investigate is the PROM RR needed to adequately
evaluate hip and knee arthroplasty procedures, called MRR. Based on two of the three pre-
determined conditions, a MRR of 60% is advised. When all three conditions should be met, an
impossible 100% MRR is required. This MRR is needed on both the preoperative and the 3 month
postoperative time points of the Dutch THA PROMs set (Chapter 4). As this is the first study
addressing the methodological challenges in investigating the MRR, it can be seen as a starting
point to clarify this issue and a first step towards a truly value-based PRO collection. Unfortunately,
the Dutch arthroplasty register reported a mean RR of 37% on both the preoperative and the 3
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month postoperative time points [16]. To achieve a MRR of 60%, adding manual collection steps
to an automated PRO collection system is needed (Chapter 3). The advised MRR of 60% also
provides an estimation of what costs are justified for now.

If the MRR of 60% becomes the threshold in the Netherlands, the RR can be monitored via
the Dutch arthroplasty register [17, 18]. Although the percentage of health care institutions
collecting THA PROs increased over the years, low RRs with large interquartile ranges reveal
a large diversity in PRO collection. Only 16% of these institutions achieve the MRR of 60%
and, therefore, have sufficient PROs to evaluate THAs from a patients’ perspective (Chapter 5).
Internationally, most registries reported that the RR was at least 40% but, disappointingly, one-
third of the registries do not know their RR [1]. Also the PROMs working group of International
Society of Arthroplasty Registries (ISAR) advises a MRR of 60%. However, they mention that
this is only based on the external difficulties to collect PROs that may be unrelated to survey
logistics and the requirement of =60% for a survey study [11, 19], without any further scientific
evidence. Based on chapter 4, ISAR has to tighten up its MRR advice and subsequently health
care institutions have to increase their RRs to 60%.

Conversely, if multiple health care institutions do not achieve the MRR of 60%, it raises the
guestion whether it is worth to continue PRO collection. Continuing PRO collection inits current
formincluding the effort and costs might not be justifiable from an ethical and value-based health
care perspective. Therefore, a coordinated effort of all stakeholders has to be initiated to improve
routine PRO collection in daily health care to achieve sufficient data quality.

Apart from the results of one Dutch orthopaedic health care institution (Chapters 3 and 4), more
insight into the process of routine PRO collection including effort, costs and data quality is needed
to further optimize routine PRO collection.

Implementation and monitoring of PRO collection is beyond the scope of this thesis, but needs
to be mentioned as an important part of the recommended coordinated effort.

Recommendations on how to optimize PRO collection in hip and knee arthroplasty

= |Incorporate PRO collection in daily health care routine for all operated orthopaedic patients.
This will decrease costs per patient and increase the RR (Chapter 3).

= Add manual PRO collection steps to an automated system to achieve a MRR of 60% (Chapters
3and 4).

Part Il: Optimizing health care with routine use of PROs

When routine PRO collection is optimized, PROs at least have to be used for the aim(s) they are
collected for. Patients expect data or advice in return for completing their PROMs. This will most
likely positively influence their participation and adherence. PROs add the patients’ perspective
on the outcome in a valid and reliable manner which is needed in addition to all other outcomes,

170



Summary and General discussion

such as complication rate and implant survival rate, to assess the quality of health care. Therefore,
it is expected that, if all stakeholders take PROs into account, health care will improve.

Multiple joint arthroplasty registries have incorporated PROs to improve arthroplasty health care
as their main aim. Unfortunately, the patient-reported quality of the received THA health care
remained equal in the Netherlands between 2016 and 2019. However, only 16% of the Dutch health
care institutions achieved the 60% MRR. It is, therefore, unlikely that the current Dutch THA PROs
are sufficiently useful to improve health care on a national level (Chapter 5). Unfortunately, the
same conclusion can be stated regarding the international arthroplasty PROs [1]. This means
that there is no reply yet on the question whether the main aim of arthroplasty registries by
collecting PROs is achieved.

So, in what direction PRO collection and use have to be developed to improve quality of

arthroplasty health care at a (inter)national level?

1. Investigate if stakeholders use the collected PROs to evaluate arthroplasty health care.
Underlying the movement towards incorporating PRO collection in daily health care is the
assumption that if PROs are made available, they will be used. However, studies examining
this assumption have found limited use of PROs. Main reasons according to surgeons are a
lack of knowledge on how to use PROs in daily health care, the perception that PROs do not
provide actionable information, and because gathering and handling of PROs add work to an
already busy schedule [20, 21]. In addition, orthopaedic surgeons state that using PROs on
an individual patient level is difficult based on logistical barriers (access and display issues,
time required) and perceptual barriers (concerns about patients understanding, and validity
and reliability of measures). They prefer to talk with patients about personal outcomes.
However, they mention that using PROs on an aggregated level is valuable for health care
institutions and individual surgeons [22].

2. Support stakeholders to evaluate arthroplasty outcomes from a patients’ perspective using
the already existing multiple examples and recommendations how to use the PROs [12, 13]
(Chapters 6 to 9). Barriers have to be taken away.

3. Investigate how all stakeholders rate the quality of arthroplasty health care provided today.
Of course, improvement is always desirable, however, there might be a consensus that the
delivered quality is already of such a high level that improvement is unlikely or that the
desired improvement is not value-based.

4. Increase the RRs to at least 60% to improve the data quality. Recommendations are provided
in part | of this thesis.

5. Evaluate the set aim(s) of PROs. Maybe the goal of improving arthroplasty health care is not
achievable or not formulated well. Each aim sets different requirements for the PRO(M)s,
time points of collecting PROs and statistical analysis. The primary aim is the basis.

These five points need to be part of the recommended coordinated effort to improve routine
PRO collection and to optimize health care with routine use of PROs in hip and knee arthroplasty.
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Scientifically investigated examples of routine PRO use in daily orthopaedic health care

The use of PROs as a part of standard health care is justified, but future, adequately powered
studies are necessary [23, 24]. In this thesis several examples of routine PRO use, based on
a sufficient PRO collection (RR =60%), were investigated in daily health care in one Dutch
orthopaedic health care institution.

The first example is a health care evaluation which shows that PROs are useful to gain knowledge
for shared decision making and for making recommendations to stakeholders. Even though
implant manufacturers claim the superiority of their implant design, for patients with end-stage
medial knee osteoarthritis a medial UKA performed by a high-volume surgeon with either a
mobile bearing or a fixed bearing implant design is a successful treatment option according to
the PROs. Both designs result in excellent patient satisfaction, pain relief, functional improvement
and quality of life improvement at 6, 12 and 24 months after surgery (Chapter 6). This means
that recommendation and use of one over the other is not justified. This result adds knowledge
from a patients’ perspective to what is known from previous studies: with strict patient selection
and accurate implant positioning, excellent functional outcomes, implant survival rates and
complication rates for both implant designs are achievable [25-29].

A second example of using PROs to gain knowledge useful for shared decision making and for
making recommendations to stakeholders is in preoperatively predicting postoperative patient
satisfaction. Dissatisfaction after a TKA (up to 20% of the patients [30-37]) remains a difficult
problem. Being able to preoperatively predict the outcome might improve patient selection for
a TKA. Unfortunately, the degree of patient satisfaction and the chance of being dissatisfied
or satisfied at 6, 12 and 24 months after a TKA are predictable by patient characteristics and
preoperative PROs but not at a reliability level that is clinically useful (Chapter 7). In future
studies, preoperatively set expectations should be included as not fulfilling these expectations
is associated with a 10.7 times higher risk of patient dissatisfaction one year after a TKA [32].
It might be possible to influence preoperatively set (possibly) unrealistic expectations using
PROs. Currently, a randomized controlled trial has been performed on fulfilling or exceeding of
preoperative expectations by reporting patients’ own PROs in relation to PROs of patients who
underwent a TKA [38].

A main reason why PRO collection and use are limitedly integrated in health care is that most
PROMs used in arthroplasty are not validated on an individual patient level [22]. PROs at an
individual level could contain much information but caution have to be taken into account when
interpreting these PROs. Therefore, as the third example, it was questioned if PROs could be
used to individually guide patients after surgery. TKA patients feel uncertain and left alone after
discharge which negatively affect their pain coping and subsequent management [39, 40]. The
PainCoach app, a novel application of PROs incorporated in a wearable device, was developed
to satisfy the need of individualized guidance after surgery. This app is not based on sufficient
routine PRO collection of a health care institution, but on sufficient routine PRO input of the
patient self. The randomized controlled trial shows that the use of the PainCoach app contributes
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to reduced opiate use while patients reported similar pain levels compared to usual care only.
Interestingly, daily use of this app leads to a further reduction in opiate use and to improved pain
control (Chapter 8). Apps like this can have a prominent place in the battle of reducing the current
wave of increasing opiate use and its undesired health consequences. The app scores high on
usability, likelihood of being recommended to others and added value (Chapter 8). This makes the
PainCoach app a successful pain management tool showing that PROs are useful to guide patients.

Video consultation, another digital solution, became the alternative for the traditional hospital
consultation during the COVID-19 pandemic [41]. As it remained unknown for which patient video
consultation was suitable, it was investigated if PROs could be used to triage patients to video or
traditional hospital consultation as the fourth example. A tool for the consultation 6 weeks after
a THA including moderate or severe pain and using two crutches was developed. Executing this
tool on a retrospective cohort shows that at least 70% of the patients can safely have a video
consultation (Chapter 9). The next step is to further investigate this triage tool in daily health
care. Interestingly, several Dutch health care insurance companies aim to have at least 25%
digital consultations in 2023 or mention ‘digital health care when possible, physical health care
when needed'. In their opinion digital health care can play a role in shortage of staff; efficiency,
effectivity and affordability of health care; reducing waiting listing; and encouraging future-proof
and sustainable health care [42]. As the number of patients with osteoarthritis is expected to
increase with 40% between 2015 and 2040 [43], digital solutions, such as the PainCoach app and
the triage tool, have great potential to ease the burden on future health care demands.

The discussion on PRO(M)s in daily health care is probably more complex
then mentioned so far

PROs need to be interpreted in combination with other health care outcomes to have a complete
picture of the delivered quality of health care. Scores or change scores are influenced by patient
level variables (e.g. patient demographics; social status such as educational level, working
status and social network; psychical status and expectations), health care professional level
variables (e.g. volume, years of experience and access to materials such as implants), health
care institutional level variables (e.g. preoperative assessment arrangements, rehabilitation
protocols and access to post-discharge facilities) and (inter)national health care level (e.q. police,
reimbursement and involvement of stakeholders) [24, 44, 45]. When possible, these variables
were taken into account in this thesis. Caution with use of PROs, the use of a product based on
PROs or the degree of generalizable were mentioned when needed.

Moreover, both on an aggregated and individual level, there is a lack of an established standard
(minimal clinical important difference (MCIDs) or comparable values) on what change in PROs
should be achieved when conducting an arthroplasty [46, 47]. Furthermore, there is no gold
standard for the method to determine this standard [48]. In this thesis statistical difference and
clinical reasoning were used. Further research has to focus on quantifying this standard as even
on the best method to determine this.
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Are PROMs the most suitable instruments to measure PROs?

PROMs, the gold standard to measure PROs, have their limitations. Patient-Reported Outcomes
Measurement Information System (PROMIS) has the potential to be more valid, reliable and
responsive [49, 50]. The generic short forms, a type of PROMIS, are replied digitally and on paper
forms. However, computer adaptive testing, another type of PROMIS, can only be performed
digitally [51] and is, therefore, not suitable to reach the lower limit of 60% RR (Chapters 3 and
4). Currently, a prospective cohort study in three health care institutions has been executed to
investigate which instrument is preferred in hip and knee arthroplasty, separately [52]. If PROMIS
is preferred, crosswalks between PROMs and PROMIS need to be developed and be publicly
available to maintain the value of already collected PROs with PROMs.

A combination of PROMs, PROMIS and wearable devices could also be the answer. Already today,
wearable devices, such as smartphone apps and smart watches, show to be capable of monitoring
physical activity and of improving patient engagement following a TKA [53]. Wearable devices
will give the subjective PROMs a more objective insight. Previous studies comparing wearable
devices to arthroplasty PROMs are limited [54, 55]. Future research is needed to investigate
if wearable devices are the most suitable instruments to measure PROs or a part of the PROs.

THE FUTURE BEGINS TODAY

Since the introduction of PRO(M)s it can be concluded that the patients’ perspective is increased

in hip and knee arthroplasty. Nevertheless, still a considerable amount of work and analysis need

to be performed until significant benefits with respect to patient care, outcomes and quality

improvement are perceived [56]. To optimize routine PRO collection and to optimize health

care with routine use of PROs, a coordinated effort is needed. If all stakeholders work together,

improvement can be realized. Based on this thesis, this effort need to included:

= Collect PROs of and use PROs for all operated orthopaedic patients (Chapter 3).

= Increase the RR to the lower limit of 60% (Chapter 4).

= Explore on the MRR (Chapter 4).

= Create moreinsight into the process of routine PRO collection including effort, costs and data
quality (Chapters 3 and 4).

= |ncorporate routine PRO collection and use in daily health care.

= Create assess for all stakeholders to collected PROs and examples of PRO use.

= |nvestigate if stakeholders use PROs to optimize health care (Chapter 5).

= Support stakeholders to use PROs to optimize health care (Chapter 5).

= |nvestigate what each stakeholder’s opinion is on the degree of quality of arthroplasty health
care today and if improvement is achievable (Chapter 5).

= Evaluate the set aim(s) of PROs (Chapter 5).

= Support stakeholders to share their examples of PRO use to optimize health care (Chapters
6t09).

= |nvestigate which (combination of) instrument(s) is the most suitable to measure PROs.
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Several recommendations are highlighted below.

Coordinated effort in arthroplasty health care

Already incorporated several of aforementioned recommendations, the Dutch orthopaedic
association revised their hip and knee arthroplasty PROMs advice in cooperation with orthopaedic
surgeons, physiotherapists, patient federation, rehabilitation specialists, scientists and the Dutch
arthroplasty register in 2020 [57]. The main goal of PRO collection and use switched from
improving quality of health care to improving individual patient care. Short term goals included
the incorporation of PRO collection in daily health care. Long term goals were formulated to
stimulate research on and with PRO(M)s. Currently, several studies have been performed and
funding is received to execute this PROMs advice [58, 59]. This shows a recognition for the value
of PRO(M)s in hip and knee arthroplasty and a recognition that effort is needed to optimize
PRO collection and to optimize health care with the use of PROs. These are the first steps to
improvement.

Starting today, the Dutch orthopaedic association has to included PROs and RRs in both the outlier
analysis and conversations with health care institutions [60]. This association mentions 99%
completeness and more than 90% validity of the Dutch arthroplasty register [61, 62]. However,
these numbers do clearly not include the registered PROs and RRs. All information in the registry
has to be used to optimize the quality of arthroplasty health care. Additionally, this can lead to
an optimization of the RR to the lower limit of 60%.

Furthermore, starting today, the Dutch arthroplasty register, other registries and stakeholders
are recommended to include the MRR of 60% when reporting about quality of arthroplasty health
care to improve the quality of their analyses and conclusions.

National coordinated effort

With the focus on the total Dutch health care optimization, the federation of medical specialists
together with health care institutions, association of nurses and paramedics, health insurance
companies, government and patient federation reached a 4-years agreement (in Dutch:
hoofdlijnenakkoord medisch-specialistische zorg 2019 - 2022). They aim to improve quality and
efficiency of health care, and to guarantee accessibility and payable health care on the long
term [63]. This agreement resulted in several national thematic programmes such as ‘Outcome
related health care’ (in Dutch: Uitkomstgerichte zorg) and ‘Health care evaluation and suitable
use’ (in Dutch: Zorgevaluatie en Gepast Gebruik) which incorporate several aforementioned
recommendations [64, 65]. It may be possible that using PROs will be more effective in other
medical areas than arthroplasty, because the outcomes of certainly hip and too a less amount
knee arthroplasty are relatively exceptional [66].

Incorporating routine PRO collection and use in daily health care is one of the main aforementioned

recommendations. This includes understanding of the value of PROs, listing and investigating
knowledge gaps, implementing PRO(M)s, and monitoring collection and use. If PROs are a routine
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part of health care, health care evaluations can be performed easier (Chapter 6). Difficult to
guantify scientifically, half of the executed health care nowadays has no sufficient scientific
evidence for its effectiveness [67, 68]. When this main recommendation is achieved, patients’
perspective becomes a standard part of these evaluations. The developed generic PRO(M)s set
will be a substantial step forwards in optimizing routine PRO collection and use. This set is a small
set of PROs and corresponding PROMs suitable for most patients [69]. Specific hip and knee
osteoarthritis outcome sets, based on the generic PRO(M)s set, are developed as well [70-72]. As
a first benefit, these sets can realize the recommended PRO collection of all operated orthopaedic
patients as even of all other patients. Secondly, the patients’ perspective of arthroplasty health
care can be compared to, for example, the patients’ perspective of oncologic health care to
guantify the value of arthroplasty health care (inter)nationally. Thirdly, these sets can be a
solution for the overload of PROMs which arthroplasty patients can obtain due to visiting other
health care professionals besides an orthopaedic surgeon. After investigating the sets in daily
health care, barriers have to be solved with all stakeholders to successfully implement, collect
and use these sets in daily health care.

Accessibility and visibility of PROs have to be improved to enhance routine PRO use. Although
arthroplasty PROs are publicly available for all stakeholders on a governmental website [2] and
in limited edition on the Dutch arthroplasty register website [66], it is not easy to use PROs
mainly due to low visibility of these locations and how the PROs are presented. Creating access to
collected PROs, interpreting PROs in combination with other health care outcomes and supporting
stakeholders to share examples of the use of outcomes are imbedded in the programme ‘Outcome
related health care’ [73]. Of course, guiding or teaching stakeholders in how to interpret these
outcomes is needed as well.

A coordinated effort of all stakeholders will lead to promising steps in optimizing routine PRO
collection and optimizing health care with routine use of PROs.

CONCLUSION

A MRR of 60% is advised to adequately evaluate THA PROs. To achieve this MRR an automated
PRO collection system with additional manual steps is needed, adding a cost of €6 per surgical
procedure to automated PRO collection alone. Unfortunately, only 16% of the health care
institutions achieved this MRR for THA. It remains, therefore, questionable if arthroplasty
registries could achieved their aim ‘to improve arthroplasty health care on a (inter)national
level' by incorporating PROs. When routine PRO collection is sufficient (RR =60%), PROs are
routinely useful to optimize health care to gain knowledge useful for shared decision making
and for making recommendations to stakeholders, in health care evaluation, to guide patients
and to triage patients. Although there is still a considerable amount of work to perform before
routine PRO collection is optimal and health care is optimal by routinely using PRO in hip and
knee arthroplasty, a coordinated effort of all stakeholders will lead to promising next steps.
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Summary (Dutch - Samenvatting)

Context

Sinds de verschuiving naar een meer patiént gecentraliseerde orthopedische gezondheidszorg
is het meten van patiént gerapporteerde uitkomsten (patient-reported outcomes; PROs) van
heup- en knieprothese patiénten toegenomen. PROs geven een inzicht in het behandelresultaat
vanuit het perspectief van de patiént. Voor het meten van deze PROs zijn patiént gerapporteerde
uitkomstmetingen (patient-reported outcome measures; PROMs) de gouden standaard. Er zijn
voorbeelden en aanbevelingen over hoe PROs te verzamelen en te gebruiken. De dagelijkse
praktijk laat echter zien dat er een grote diversiteit is tussen zorginstellingen betreffende
hun succes in het verzamelen van PROs en hoe zij PROs gebruiken om de gezondheidszorg te
verbeteren. Zo is er een grote spreiding in responspercentages op de PROMs zichtbaar. Vele
PRO gerelateerde vragen zijn nog onbeantwoord. Het is daarom de vraag of de huidige PRO
verzameling en gebruik te rechtvaardigen zijn, zowel ethisch als vanuit waardegedreven zorg
gezien. Het doel van dit proefschrift was om te onderzoeken hoe PRO verzameling kan worden
geoptimaliseerd (deel I) en vervolgens hoe de gezondheidszorg kan worden geoptimaliseerd met
gebruik van PROs (deel Il) in de dagelijkse praktijk in heup en knie prothesiologie (Hoofdstukken
1en 2).

Dit proefschrift

Deel I van dit proefschrift richt zich op hoe PRO verzameling kan worden geoptimaliseerd in de
dagelijkse praktijk in heup en knie prothesiologie. Een retrospectieve cohort studie beschrijft het
responspercentage en de kosten voor een PRO verzameling met een automatisch verzamelsysteem
vergeleken met een automatisch PRO verzamelsysteem met additionele handmatige verzameling.
Dit werd vergeleken voor alle orthopedische operaties samen en specifiek voor totale heup
prothesiologie, knie prothesiologie en voorste kruisband reconstructies (Hoofdstuk 3). Vervolgens
geeft eenretrospectieve cohort studie inzicht in het minimaal benodigde responspercentage op
PROMs om totale heupprotheses adequaat te kunnen evalueren (Hoofdstuk 4).

Deel Il van dit proefschrift focust zich op hoe de gezondheidszorg kan worden geoptimaliseerd
met gebruik van PROs in de dagelijkse praktijk in heup en knie prothesiologie. Een longitudinale
studie met openbaar beschikbare, nationale, totale heupprothese indicator datasets laat zien
of het doel ‘verbeteren van heup prothesiologie gezondheidszorg' middels PRO verzameling
is bereikt in Nederland (Hoofdstuk 5). Daarna worden wetenschappelijke voorbeelden van
PRO gebruik gegeven. In een retrospectieve cohort studie worden PROs gebruikt om twee veel
gebruikte unicondylaire knieprothese implantaten designs (mobiel en gefixeerd) met elkaar te
vergelijken. Dit eerste voorbeeld geeft inzicht in welk implantaat design volgens patiénten dient
te worden gebruikt in de dagelijkse praktijk (Hoofdstuk 6). Een tweede voorbeeld focust zich
op het preoperatief voorspellen van patiénttevredenheid na een totale knieprothese. Dit werd
onderzocht in een retrospectieve cohort studie (Hoofdstuk 7). Een gerandomiseerde studie
onderzocht het effect van een op PRO gebaseerde eHealth app (PijnCoach app) op pijnbeleving
en opiaat gebruik tijdens de eerste periode thuis na een totale knieprothese als derde voorbeeld
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(Hoofdstuk 8). Een vierde voorbeeld, een vooronderzoek met een panel van deskundigen en een
retrospectieve cohort, beschrijft het gebruik van PROs voor het ontwikkelen van een hulpmiddel
om totale heupprothese patiénten te selecteren voor of een traditioneel ziekenhuisbezoek nodig
is of dat een video consult als alternatief adequaat is (Hoofdstuk 9).

In alle retrospectieve cohort studies werden prospectief verzamelde data gebruikt.

Wat voegt dit proefschrift toe aan het huidige wetenschappelijke bewijs

over PRO(M)s in de prothesiologie gezondheidszorg?

= Een automatisch PRO verzamelsysteem met een additionele handmatige verzameling
resulteert in een twee keer hogere responspercentage op de PROMs op alle tijJdsmomenten
vergeleken met het gebruik van alleen een automatisch systeem. Deze additionele handmatige

stappen voegen extra kosten van €6 per operatie toe (Hoofdstuk 3).

= Om een valide conclusie te kunnen trekken op PROs wordt een minimaal responspercentage
van 60% geadviseerd (Hoofdstuk 4).

= Slechts 16% van de Nederlandse zorginstellingen bereikt deze 60% met hun totale
heupprothese PRO verzameling. Daarom blijft het de vraag of het doel ‘verbeteren van

prothesiologie gezondheidszorg' met PRO verzameling is bereikt in Nederland (Hoofdstuk 5).

= Wanneer de PRO verzameling in de dagelijkse praktijk adequaat is (responspercentage =60%),
zijn PROs bruikbaar in de dagelijkse praktijk voor het optimaliseren van de gezondheidszorg.

Wetenschappelijk onderzochte voorbeelden:

o PROs zijn bruikbaar voor het verkrijgen van kennis voor samen beslissen en het doen van
aanbevelingen richting belanghebbenden voor het kiezen van een implantaat design (mobiel
of gefixeerd) bij patiénten met mediale unicondylaire knieprothese. Dit is een voorbeeld
van zorgevaluatie (Hoofdstuk 6).

o PROs zijn niet klinisch relevant bruikbaar voor het verkrijgen van kennis voor samen
beslissen en het doen van aanbevelingen richting belanghebbenden bij het preoperatief
voorspellen van patiénttevredenheid na een totale knieprothese (Hoofdstuk 7).

o Eenop PRO gebaseerde app, genaamd de PijnCoach app, is bruikbaar voor postoperatieve
totale knieprothese patiénten in pijnbegeleiding inclusief opiaten gebruik (Hoofdstuk 8).

o PROs zijn bruikbaar voor het selecteren van totale heupprothese patiénten in of een
traditioneel ziekenhuisbezoek nodig is of dat een video consult als alternatief adequaat
is (Hoofdstuk 9).

Gebaseerd op deze resultaten zijn de volgende stappen gedefinieerd om PRO verzameling in
de dagelijkse praktijk in heup en knie prothesiologie te optimaliseren: naast een automatisch
verzamelsysteem is handmatige inspanning, en daarmee extra budget, nodig voor een adequate
(responspercentage =60%) PRO verzameling (deel | van dit proefschrift). Daarnaast, wanneer de
PRO verzameling adequaat is, laten de voorbeelden zien hoe de gezondheidszorg geoptimaliseerd
kan worden met het gebruik van PROs in de dagelijkse praktijk in heup en knie prothesiologie
(deel Il van dit proefschrift). Een gecodrdineerde inspanning van alle belanghebbenden moet
worden geinitieerd om PRO verzameling én gebruik in de dagelijkse praktijk te verbeteren om
de gezondheidszorg te optimaliseren (Hoofdstuk 10).
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Data management

This thesis is based on the results of human studies, which were conducted in accordance with
the principles of the Declaration of Helsinki. Data used within this thesis was collected and stored
according to the Findable, Accessible, Interoperable and Reusable (FAIR) principles.

Data obtained during this PhD have been captured and stored on OnlinePROMs (Interactive
Studios, Rosmalen, the Netherlands), a digital and online patient-reported outcome measure tool.
Completed and uncompleted paper questionnaires were incorporated in OnlinePROMs and stored
in a locked room at Kliniek ViaSana. Data management and monitoring were also performed within
OnlinePROMs. Furthermore, data have been captured and stored on Chipsoft HIX (ChipSoft B.V.,
Amsterdam, the Netherlands), an electronic patient record. Datasets from both OnlinePROMs
and Chipsoft HIX were combined. These datasets were stored, including daily backed-up, on the
local Kliniek ViaSana server. The privacy of the patients in this thesis was warranted by use of
encrypted and unique individual subject codes. All data archives are accessible by only those
who need to.

Chapters 3 up to and including 7, and chapter 9 applied the Dutch orthopaedic association PROMs
advice. The retrospective cohort studies described in chapters 3 (N18.156) and 4 (N18.156)
were approved by the medical ethics committee of Maxima Medisch Centrum (Eindhoven, the
Netherlands). For the study described in chapter 5, a publically available dataset was used. For
the retrospective cohort studies described in chapters 6, 7 and 9, patients were included in this
study if they signed the informed consent form preoperatively to allow further scientific analysis
using their anonymised data. Therefore, the institutional review board of Kliniek ViaSana ruled
that formal approval was not required for these studies. The medical ethics committee of St. Anna
Hospital (Geldrop, the Netherlands, 5.12) approved the randomised controlled trial study described
in chapter 8. This study was registered at Clinicaltrials.gov retrospectively (NCT03961152).

The data collected for this thesis will be available for further analyses for 15 years if patients
signed the informed consent form preoperatively to allow further scientific analysis using their
anonymised data. The datasets generated and analysed for this thesis are available from the
corresponding author on reasonable request.
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