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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%CI ranges over the years between preoperatively and 3 months postop-
eratively (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%CI 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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Background
Total hip arthroplasty (THA) is an effective treatment 
for patients with end-stage hip osteoarthritis. Tradition-
ally, THA is surgically successful if alignment is correct, 
and the implant well fixed and stable. The long term out-
come 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 activi-
ties. To measure these outcomes, collection of patient-
reported outcomes (PROs) by selected patient-reported 
outcome measures (PROMs) has become an internation-
ally 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 manda-
tory 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, hospi-
tals could use these publicly available PROs to bench-
mark themselves. Furthermore, surgeons could use these 
data to inform their patients what to expect of a treat-
ment and to facilitate shared decision making. Moreo-
ver, 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, dis-
cussing with patients what PRO results are achieved and 
pro actively 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 world-
wide existing national joint arthroplasty registries cap-
ture preoperative and postoperative PROs of the patients 
[3]. Multiple national joint arthroplasty registries do not 
achieve the advised minimum RR of 60% yet [3, 11, 12]. 
So, investing effort and budget to collect these data in 
its current form could be questioned, especially if it is 
unclear if the quality of health care is improved by col-
lecting 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 introduc-
tion 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.

Methods
For this longitudinal study, the publicly available Dutch 
national THA indicator datasets were downloaded 
(https:// www. zorgi nzicht. nl/ openb are- data/ open- data- 
medis ch- speci alist ische- reval idatie). 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 loca-
tions were considered as separate entities. Hospitals were 
included when they were present in all included data-
sets. Reasons for not being present in all included data-
sets 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 gov-
ernmental 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 man-
datory 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 reg-
ister 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 col-
lected per year, per hospital, per preoperative or change 
PROM measurement time point and per PRO: num-
ber of THAs with a score, mean score, 95% confidence 

https://www.zorginzicht.nl/openbare-data/open-data-medisch-specialistische-revalidatie
https://www.zorginzicht.nl/openbare-data/open-data-medisch-specialistische-revalidatie
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interval (95%CI) lower bound and 95%CI 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 osteo-
arthritis (85% of all THA patients) [16].

Outcomes
The primary outcome was the increase or decrease in 
PRO change scores including 95%CI 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 0 (no pain) to 10 (severe pain). NRS are well corre-
lated and sensitive for pain assessment including osteoar-
thritic knee pain and are preferred over Visual Analogue 
Scales by the elderly population [17–19]. A decrease in 
the score 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 descrip-
tive system with the highest score 1 defined as healthy, 
and EQ visual analogue scale (EQ VAS) scored from 0 
(worst imaginable health state) to 100 (best imagina-
ble 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 0 (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 Ortho-
pedic Association [1, 23]. A decrease in this score was 
defined as an improvement in this PRO over the years. 
The 95%CI range was calculated by 95%CI upper bound 
minus 95%CI lower bound. A decreased 95%CI range was 
defined as an improvement over the years. The included 
change scores and 95%CI ranges were between preop-
eratively 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%CI 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 per-
formed 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 measure-
ments (pre-12  m RR). The second secondary outcome 
was increase or decrease in PRO change scores includ-
ing 95%CI 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 Zorgin-
stituut 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. Dis-
tribution of the data 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%CI range were investigated using Shapiro–Wilk 
tests of normality. For the primary aim change score and 
95%CI 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 sec-
ondary 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 investi-
gate the overall rate of increase or decrease of each PRO 
change score and 95%CI range between both subgroups. 
When the percentage of included hospitals in the sub-
groups 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.
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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 sta-
tistically 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%CI 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%CI 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%CI ranges improved over 
the years. All THA PRO change scores and 95%CI ranges 
remained equal over the years at pre-12  m (p > 0.05) 
(Table 1).

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%CI ranges over the years compared 
to the subgroup RR < 60% (p > 0.05) (Table 2).

Detailed results: PRO change score and 95%CI 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 (− 2.91 to 
− 0.14, 2018: 0.09 (− 1.03–1.21), 2019: 0; p = 0.008). Fur-
thermore, 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%CI range significantly decreased over the years (inter-
cept: 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%CI range significantly decreased over the years (inter-
cept: 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 

Fig. 1 Hospitals which collected THA PROs, and THA PROM RR per measurement time point per year. In 2016, pre-12 m 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
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PRO change scores and 95%CI ranges remained equal 
over the years at pre-12 m (Table 1).

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%) hos-
pitals 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 

Fig. 2 THA PROM RR per measurement time point per year of included hospitals. In 2016, pre-12 m 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

Table 2 Median change scores including median 95%CI ranges in subgroups RR ≥ 60% and RR < 60% at pre-12 m

* p values of the difference in the subgroups on overall rate of increase or decrease over the years are presented

EQ-5D descriptive system = EuroQol 5 dimensions descriptive system; EQ-5D VAS = EuroQol visual analogue scale; HOOS-PS = Hip disability and Osteoarthritis 
Outcome Score-Physical Function Shortform; NRS = numeric rating scale; RR = response rate

RR ≥ 60% (n = 12 (16%)) RR < 60% (n = 57 (78%)) p value*

2017 2018 2019 2017 (n = 52) 2018 (n = 56) 2019 (n = 57)

NRS pain at rest
(change score (95%CI range))

4.31 (0.55) 4.35 (0.52) 4.27 (0.53) 4.26 (0.94) 4.27 (1.00) 4.34 (0.82) 0.673 (0.610)

NRS pain during activity (change score 
(95%CI range))

5.80 (0.43) 5.74 (0.43) 5.73 (0.43) 5.75 (0.73) 5.83 (0.76) 5.76 (0.67) 0.885 (0.678)

HOOS-PS
(change score (95%CI range))

34.08 (3.70) 35.67 (3.54) 35.79 (3.60) 34.72 (7.35) 34.48 (6.46) 35.26 (5.87) 0.378 (0.339)

EQ-5D descriptive system (change score 
(95%CI range))

0.290 (0.050) 0.290 (0.050) 0.285 (0.055) 0.290 (0.100) 0.290 (0.100) 0.280 (0.090) 0.758 (0.218)

EQ VAS
(change score (95%CI range))

9.12 (3.91) 11.82 (3.86) 11.68 (3.79) 10.69 (6.46) 10.51 (6.25) 11.53 (5.81) 0.522 (0.079)
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RR ≥ 60% was too small to answer the second secondary 
study aim. At pre-12 m all PRO change scores and 95%CI 
ranges remained equal over the years between both sub-
groups (p > 0.05). In each year median PRO 95%CI ranges 
were smaller in the subgroup RR ≥ 60% compared to the 
subgroup RR < 60% (Table 2).

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 manda-
tory introduction of the PROM indicators in the Nether-
lands 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% com-
pared 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%CI ranges, EQ VAS, EQ-5D descrip-
tive system and NRS pain during activity improved over 
the years (2 of 4). At pre-12  m all THA PRO change 
scores and 95%CI ranges remained equal over the years. 
These results mean that since the mandatory introduc-
tion 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%CI ranges over the years compared 
to the subgroup without sufficient PROs (RR < 60%).

The quality of THA health care from a patients’ per-
spective based on PROs remained equal over the years in 
the Netherlands between 2016 and 2019, while improve-
ment 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 exe-
cuted trends over time analyses and also reported, in 
general, no improvement over time [26]. Interestingly, 
in the present study, two PRO 95%CI 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%CI 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 differ-
ence being (much) smaller than the minimal clinical rel-
evant difference, which is the only relevant outcome from 
the perspective of the patient.

It was hypothesized that PRO collection and transpar-
ency 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 arthroplasty register (LROI) 
for an outlier analysis including conversations with hos-
pitals if needed [29, 30]. It is recommended to include an 
outlier procedure on PROs and RRs. If hospitals only col-
lect to comply with mandatory PRO collection, no better 
understanding of the patients’ perspective nor improve-
ment 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 evi-
dence that for a sufficient evaluation of THAs a mini-
mum 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%CI 
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 
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RR ≥ 60% at pre-3  m and only 16% at pre-12  m. There-
fore, 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 collec-
tion 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 stakehold-
ers 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 pro-
vide actionable information, and because gathering and 
handling of PROs add work to an already busy sched-
ule [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 out-
comes. However, they mention that using PROs on an 
aggregated level is valuable for hospitals and individual 
surgeons [33]. Secondly, support stakeholders to evalu-
ate 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, how-
ever, there might be a consensus that the delivered 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 qual-
ity. 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’ perspec-
tive 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 explora-
tion is presented on the goal of improving THA health 
care by evaluating outcomes from a patients’ perspec-
tive in the Netherlands. Moreover, as the Dutch arthro-
plasty registry reported comparable results to multiple 

other national joint arthroplasty registries [3], similar 
results are expected for PRO collection in other coun-
tries 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 calcu-
lated 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 stud-
ies 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 instru-
ments 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’ per-
spective 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 question-
able 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 stakehold-
ers should be initiated to improve PRO collection and 
use.

Abbreviations
pre-12 m  Between preoperatively and 12 months postoperatively
pre-3 m  Between preoperatively and 3 months postoperatively
EQ VAS  EQ visual analogue scale
EQ-5D-3L  EuroQol 5 dimensions questionnaire
HOOS-PS  Hip disability and Osteoarthritis Outcome Score-Physical Function 

Shortform
MCID  Minimal clinically important difference
NRS  Numeric rating scale
PROMs  Patient-reported outcome measures
PROs  Patient-reported outcomes
RR  Response rate
THA  Total hip arthroplasty

Acknowledgements
We would like to thank Maud Peters for her consistent data preparation.



Page 9 of 10Pronk et al. Health and Quality of Life Outcomes           (2023) 21:24  

Author contributions
YP: designed the study, analysed and interpreted the data, drafted the 
manuscript, approved final manuscript. WW, BS and PP: designed the study, 
interpreted the data, reviewed the manuscript, approved final manuscript. All 
authors read and approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sector.

Availability of data and materials
The datasets used and analysed during the current study are publicly available 
(Zorginstituut Nederland; https:// www. zorgi nzicht. nl/ openb are- data/ open- 
data- medis ch- speci alist ische- reval idatie).

Declarations

Ethics approval and consent to participate
Publicly available datasets were used. Therefore, the institutional review board 
of Kliniek ViaSana ruled that formal approval was not required for this study.

Consent for publication
Not applicable.

Competing interests
BS receives a grant for providing educational Stryker course on the Exeter 
prosthesis, is a board member of the European Hip Society and is a professor 
on behalf of the LROI which have non-financial associations that may be 
relevant to the submitted manuscript. WW is a committee member of the 
European Hip Society which has non-financial associations that may be rel-
evant to the submitted manuscript. The other authors declare that they have 
no competing interests.

Received: 23 January 2023   Accepted: 21 February 2023

References
 1. Nederlandse Orthopaedische Vereniging. Patient Reported Outcome 

Measures: Advies Nederlandse Orthopaedische Vereniging (NOV) [Inter-
net]. 2012 [cited 2018 Aug 1]. Available from: https:// www. ortho peden. 
org/ downl oads/ 32/ advies- proms- ortho pedie. pdf.

 2. Rolfson O, Eresian Chenok K, Bohm E, Lübbeke A, Denissen G, Dunn J, 
et al. Patient-reported outcome measures in arthroplasty registries. Acta 
Orthop. 2016;87(1):3–8.

 3. Bohm ER, Kirby S, Trepman E, Hallstrom BR, Rolfson O, Wilkinson JM, 
et al. Collection and reporting of patient-reported outcome measures in 
arthroplasty registries: multinational survey and recommendations. Clin 
Orthop Relat Res. 2021;479(10):2151–66. https:// doi. org/ 10. 1097/ CORR. 
00000 00000 001852.

 4. Zorginstituut Nederland. Zorginzicht - Transparantiekalender [Internet]. 
Available from: https:// www. zorgi nzicht. nl/ trans paran tieka lender.

 5. Damman OC, Jani A, Jong BA, Becker A, Metz MJ, Bruijne MC, et al. 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. 2020;26(2):524–40. https:// doi. org/ 10. 1111/ jep. 13321.

 6. Kotronoulas G, Kearney N, Maguire R, Harrow A, Di Domenico D, Croy S, 
et al. 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 con-
trolled trials. J Clin Oncol. 2014;32(14):1480–501. https:// doi. org/ 10. 1200/ 
JCO. 2013. 53. 5948.

 7. Greenhalgh J, Gooding K, Gibbons E, Dalkin S, Wright J, Valderas J, 
et al. How do patient reported outcome measures (PROMs) support 
clinician-patient communication and patient care? A realist synthesis. 
J Patient-Reported Outcomes. 2018;2(1):42. https:// doi. org/ 10. 1186/ 
s41687- 018- 0061-6.

 8. Greenhalgh J, Dalkin S, Gibbons E, Wright J, Valderas JM, Meads D, et al. 
How do aggregated patient-reported outcome measures data stimulate 
health care improvement? A realist synthesis. J Health Serv Res Policy. 
2018;23(1):57–65. https:// doi. org/ 10. 1177/ 13558 19617 740925.

 9. Gutacker N, Bojke C, Daidone S, Devlin NJ, Parkin D, Street A. Truly inef-
ficient or providing better quality of care? Analysing the relationship 
between risk-adjusted hospital costs and patients’ health outcomes. 
Health Econ. 2013;22(8):931–47. https:// doi. org/ 10. 1002/ hec. 2871.

 10. Pronk Y, Pilot P, Brinkman JM, van Heerwaarden RJ, van der Weegen W. 
Response rate and costs for automated patient-reported outcomes col-
lection alone compared to combined automated and manual collection. 
J Patient-Reported Outcomes. 2019;3(1):31. https:// doi. org/ 10. 1186/ 
s41687- 019- 0121-6.

 11. Rolfson O, Bohm E, Franklin P, Lyman S, Denissen G, Dawson J, et al. 
Patient-reported outcome measures in arthroplasty registries: Report of 
the Patient-Reported Outcome Measures Working Group of the Inter-
national Society of Arthroplasty RegistriesPart II. Recommendations for 
selection, administration, and analysis. Acta Orthop. 2016;87(June):9–23.

 12. Pronk Y, van der Weegen W, Vos R, Brinkman J-M, van Heerwaarden RJ, 
Pilot P. What is the minimum response rate on patient-reported outcome 
measures needed to adequately evaluate total hip arthroplasties? 
Health Qual Life Outcomes. 2020;18(1):379. https:// doi. org/ 10. 1186/ 
s12955- 020- 01628-1.

 13. Zorginstituut Nederland. Zorginzicht - Open data Medisch-specialistische 
zorg [Internet]. [cited 2021 Nov 24]. Available from: https:// www. zorgi 
nzicht. nl/ openb are- data/ open- data- zieke nhuiz en- en- zelfs tandi ge- behan 
delce ntra--- medis ch- speci alist ische- zorg.

 14. Zorginstituut Nederland. Zorginzicht - Heupprothese indicatoren [Inter-
net]. [cited 2020 Nov 16]. Available from: https:// www. zorgi nzicht. nl/ kwali 
teits instr ument en/ heupp rothe se- indic atoren.

 15. Nederlandse Orthopaedische Vereniging. PROMs [Internet]. [cited 2018 
Aug 1]. Available from: https:// www. lroi. nl/ invoe rders/ regis treren/ proms.

 16. LROI. Total Hip Arthroplasty Demographics [Internet]. [cited 2022 Apr 
4]. Available from: https:// www. lroi- report. nl/ hip/ total- hip- arthr oplas ty/ 
demog raphi cs/.

 17. Taylor LJ, Harris J, Epps CD, Herr K. Psychometric evaluation of selected 
pain intensity scales for use with cognitively impaired and cognitively 
intact older adults. Rehabil Nurs. 2005;30(2):55–61.

 18. Alghadir AH, Anwer S, Iqbal A, Iqbal ZA. Test-retest reliability, validity, 
and minimum detectable change of visual analog, numerical rating, and 
verbal rating scales for measurement of osteoarthritic knee pain. J Pain 
Res. 2018;26(11):851–6.

 19. Jensen MP, Karoly P. Self-report scales and procedures for assessing pain 
in adults. In: Turk DC, Melzack R, editors. Handbook of Pain Assessment. 
Guilford Press; 2011. p. 19–44.

 20. EuroQol Group. EuroQol - a new facility for the measurement of health-
related quality of life. Health Policy (New York). 1990;16(3):199–208.

 21. Davis AM, Perruccio AV, Canizares M, Hawker GA, Roos EM, Maillefert 
J-F, et al. Comparative, validity and responsiveness of the HOOS-PS and 
KOOS-PS to the WOMAC physical function subscale in total joint replace-
ment for Osteoarthritis. Osteoarthr Cartil. 2009;17(7):843–7. https:// doi. 
org/ 10. 1016/j. joca. 2009. 01. 005.

 22. Davis AM, Perruccio AV, Canizares M, Tennant A, Hawker GA, Conaghan 
PG, et al. The development of a short measure of physical function for hip 
OA HOOS-Physical Function Shortform (HOOS-PS): an OARSI/OMERACT 
initiative. Osteoarthr Cartil. 2008;16(5):551–9.

 23. Braaksma C, Wolterbeek N, Veen MR, Prinsen CAC, Ostelo RWJG. System-
atic review and meta-analysis of measurement properties of the Hip 
disability and Osteoarthritis Outcome Score-Physical Function Shortform 
(HOOS-PS) and the Knee Injury and Osteoarthritis Outcome Score-Physi-
cal Function Shortform (KOOS-PS). Osteoarthr Cartil. 2020;28(12):1525–38.

 24. Çelik D, Çoban Ö, Kılıçoğlu Ö. Minimal clinically important difference of 
commonly used hip-, knee-, foot-, and ankle-specific questionnaires: a 
systematic review. J Clin Epidemiol. 2019;113:44–57. https:// doi. org/ 10. 
1016/j. jclin epi. 2019. 04. 017.

 25. Terwee CB, Roorda LD, Dekker J, Bierma-Zeinstra SM, Peat G, Jordan KP, 
et al. Mind the MIC: large variation among populations and methods. J 
Clin Epidemiol. 2010;63(5):524–34. https:// doi. org/ 10. 1016/j. jclin epi. 2009. 
08. 010.

https://www.zorginzicht.nl/openbare-data/open-data-medisch-specialistische-revalidatie
https://www.zorginzicht.nl/openbare-data/open-data-medisch-specialistische-revalidatie
https://www.orthopeden.org/downloads/32/advies-proms-orthopedie.pdf
https://www.orthopeden.org/downloads/32/advies-proms-orthopedie.pdf
https://doi.org/10.1097/CORR.0000000000001852
https://doi.org/10.1097/CORR.0000000000001852
https://www.zorginzicht.nl/transparantiekalender
https://doi.org/10.1111/jep.13321
https://doi.org/10.1200/JCO.2013.53.5948
https://doi.org/10.1200/JCO.2013.53.5948
https://doi.org/10.1186/s41687-018-0061-6
https://doi.org/10.1186/s41687-018-0061-6
https://doi.org/10.1177/1355819617740925
https://doi.org/10.1002/hec.2871
https://doi.org/10.1186/s41687-019-0121-6
https://doi.org/10.1186/s41687-019-0121-6
https://doi.org/10.1186/s12955-020-01628-1
https://doi.org/10.1186/s12955-020-01628-1
https://www.zorginzicht.nl/openbare-data/open-data-ziekenhuizen-en-zelfstandige-behandelcentra---medisch-specialistische-zorg
https://www.zorginzicht.nl/openbare-data/open-data-ziekenhuizen-en-zelfstandige-behandelcentra---medisch-specialistische-zorg
https://www.zorginzicht.nl/openbare-data/open-data-ziekenhuizen-en-zelfstandige-behandelcentra---medisch-specialistische-zorg
https://www.zorginzicht.nl/kwaliteitsinstrumenten/heupprothese-indicatoren
https://www.zorginzicht.nl/kwaliteitsinstrumenten/heupprothese-indicatoren
https://www.lroi.nl/invoerders/registreren/proms
https://www.lroi-report.nl/hip/total-hip-arthroplasty/demographics/
https://www.lroi-report.nl/hip/total-hip-arthroplasty/demographics/
https://doi.org/10.1016/j.joca.2009.01.005
https://doi.org/10.1016/j.joca.2009.01.005
https://doi.org/10.1016/j.jclinepi.2019.04.017
https://doi.org/10.1016/j.jclinepi.2019.04.017
https://doi.org/10.1016/j.jclinepi.2009.08.010
https://doi.org/10.1016/j.jclinepi.2009.08.010


Page 10 of 10Pronk et al. Health and Quality of Life Outcomes           (2023) 21:24 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 26. van der Wees PJ, Wammes JJG, Akkermans RP, Koetsenruijter J, Westert 
GP, van Kampen A, et al. Patient-reported health outcomes after total hip 
and knee surgery in a Dutch University Hospital Setting: results of twenty 
years clinical registry. BMC Musculoskelet Disord. 2017;18(1):97. https:// 
doi. org/ 10. 1186/ s12891- 017- 1455-y.

 27. Schünemann HJ, Vist GE, Higgins JPT, Santesso N, Deeks JJ, Glasziou P, 
et al. Chapter 15: Interpreting results and drawing conclusions. In: Hig-
gins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al., editors. 
Cochrane Handbook for Systematic Reviews of Interventions version 6 
[Internet]. Cochrane; 2021. Available from: https:// train ing. cochr ane. org/ 
handb ook/ curre nt/ chapt er- 15# secti on- 15-3-1

 28. Berwick DM, James B, Coye MJ. Connections between quality measure-
ment and improvement. Med Care. 2003;41(Supplement):I-30–I−38.

 29. LROI. Completeness of registering hospitals and completeness of regis-
tered arthroplasties in the LROI based on the hospital information system 
in 2020 [Internet]. 2021 [cited 2021 Dec 20]. Available from: https:// www. 
lroi- report. nl/ data- quali ty/ compl etene ss/.

 30. Nederlandse Orthopaedische Vereniging. Procedure Uitkomstanalyse 
[Internet]. [cited 2021 Dec 20]. Available from: https:// www. ortho peden. 
org/ kwali teit/ kwali teits beleid/ proce dure- uitko mstan alyse.

 31. Alshehri F, Alarabi A, Alharthi M, Alanazi T, Alohali A, Alsaleem M. Use of 
patient-reported outcome measures (PROMs) by orthopedic surgeons in 
Saudi Arabia. J Orthop Surg Res. 2020;15(1):598.

 32. Mou D, Sisodia RC, Castillo-Angeles M, Ladin K, Bergmark RW, Pusic AL, 
et al. The surgeon’s perceived value of patient-reported outcome meas-
ures (PROMs). Ann Surg. 2022;275(3):500–5. https:// doi. org/ 10. 1097/ SLA. 
00000 00000 004253.

 33. Whitebird RR, Solberg LI, Ziegenfuss JY, Norton CK, Chrenka EA, Swiont-
kowski M, et al. What do orthopaedists believe is needed for incorporat-
ing patient-reported outcome measures into clinical care? a qualitative 
study. Clin Orthop Relat Res. 2022;480(4):680–7. https:// doi. org/ 10. 1097/ 
CORR. 00000 00000 002059.

 34. Van Schie P, Van Bodegom-Vos L, Zijdeman TM, Nelissen RGHH, Marang-
Van De Mheen PJ. Awareness of performance on outcomes after 
total hip and knee arthroplasty among Dutch orthopedic surgeons: 
how to improve feedback from arthroplasty registries. Acta Orthop. 
2021;92(1):54–61.

 35. Boyce MB, Browne JP, Greenhalgh J. The experiences of professionals with 
using information from patient-reported outcome measures to improve 
the quality of healthcare: a systematic review of qualitative research. BMJ 
Qual Saf. 2014;23(6):508–18. https:// doi. org/ 10. 1136/ bmjqs- 2013- 002524.

 36. Ho A, Purdie C, Tirosh O, Tran P. Improving the response rate of patient-
reported outcome measures in an Australian tertiary metropolitan 
hospital. Patient Relat Outcome Meas. 2019;10:217–26.

 37. Patel J, Lee JH, Li Z, SooHoo NF, Bozic K, Huddleston JI. Predictors of low 
patient-reported outcomes response rates in the California joint replace-
ment registry. J Arthroplasty. 2015;30(12):2071–5.

 38. Tariq MB, Vega JF, Westermann R, Jones M, Spindler KP. Arthroplasty stud-
ies with greater than 1000 participants: analysis of follow-up methods. 
Arthroplast Today. 2019;5(2):243–50.

 39. Slover JD, Karia RJ, Hauer C, Gelber Z, Band PA, Graham J. Feasibility of 
integrating standardized patient-reported outcomes in orthopedic care. 
Am J Manag Care. 2015;21(8):e494-500.

 40. Edwards PJ, Roberts I, Clarke MJ, DiGuiseppi C, Wentz R, Kwan I, et al. 
Methods to increase response to postal and electronic questionnaires. 
Cochrane Database Syst Rev. 2009;2010(1):2009–11. https:// doi. org/ 10. 
1002/ 14651 858. MR000 008. pub4.

 41. Hunter J, Corcoran K, Leeder S, Phelps K. Is it time to abandon paper? 
The use of emails and the Internet for health services research—a cost-
effectiveness and qualitative study. J Eval Clin Pract. 2012. https:// doi. org/ 
10. 1111/j. 1365- 2753. 2012. 01864.x.

 42. Brook EM, Glerum KM, Higgins LD, Matzkin EG. Implementing patient-
reported outcome measures in your practice: pearls and pitfalls. Am J 
Orthop (Belle Mead NJ). 2017;46(6):273–8.

 43. Wang K, Eftang CN, Jakobsen RB, Årøen A. Review of response rates over 
time in registry-based studies using patient-reported outcome measures. 
BMJ Open. 2020;10(8):e030808.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1186/s12891-017-1455-y
https://doi.org/10.1186/s12891-017-1455-y
https://training.cochrane.org/handbook/current/chapter-15#section-15-3-1
https://training.cochrane.org/handbook/current/chapter-15#section-15-3-1
https://www.lroi-report.nl/data-quality/completeness/
https://www.lroi-report.nl/data-quality/completeness/
https://www.orthopeden.org/kwaliteit/kwaliteitsbeleid/procedure-uitkomstanalyse
https://www.orthopeden.org/kwaliteit/kwaliteitsbeleid/procedure-uitkomstanalyse
https://doi.org/10.1097/SLA.0000000000004253
https://doi.org/10.1097/SLA.0000000000004253
https://doi.org/10.1097/CORR.0000000000002059
https://doi.org/10.1097/CORR.0000000000002059
https://doi.org/10.1136/bmjqs-2013-002524
https://doi.org/10.1002/14651858.MR000008.pub4
https://doi.org/10.1002/14651858.MR000008.pub4
https://doi.org/10.1111/j.1365-2753.2012.01864.x
https://doi.org/10.1111/j.1365-2753.2012.01864.x

	Quality of total hip arthroplasty health care based on four years of patient-reported outcomes in the Netherlands
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Dutch national indicator datasets
	Outcomes
	Statistical analysis

	Results
	Included hospitals
	Main results
	Detailed results: PRO change score and 95%CI range
	Detailed results: PROM response rate
	Detailed results: subgroup response rate ≥ 60% compared to subgroup response rate < 60%


	Discussion
	Conclusions
	Acknowledgements
	References


