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Abstract

Objectives: Patient-reported outcome measures (PROMs) constitute a patient-centered
way to assess treatment outcomes in musculoskeletal diseases. In this study, we explored
the factors affecting the response rate when systematically utilizing PROMs for operatively
treated patients in a clinical setting. The purpose was to find factors that could be influ-
enced to improve the response rates of questionnaires in the future. Methods: The data
were collected from a large institutional registry, divided into seven sub-registries (hand,
elbow, shoulder, back, hip, knee, and foot and ankle), by gathering demographic data
and joint-specific and generic PROM results. The data were collected preoperatively, as
well as postoperatively at 3 months and 1 year. We analyzed patient demographics, the
questionnaire format, and the length of each questionnaire, which were hypothesized to
be the factors associated with the response rate. Results: The study sample consisted of
2295 patients with operatively treated musculoskeletal conditions. A response rate of 60%
or above was obtained for the whole patient cohort at all three time points, although not
in all sub-registries. A higher number of questionnaire items (−0.021, p < 0.001) and the
patients’ smoking status (−0.395, p = 0.002) were associated with a lower response rate.
The response rate increased with the patient age up to 75 years and decreased thereafter.
Conclusions: A suitable limit for the number of questions in a PROM questionnaire might
be 50 to ensure the required 60% response rate to obtain generalizable results. Special
effort should be made to improve the PROM response rate among the younger adult
patient population.

Keywords: elective operation; follow-up; institutional registry; motivation; musculoskeletal
condition; patient-reported outcome measure (PROM); question burden; response rate

1. Introduction
Patient-reported outcome measures (PROMs) have become the conventional meth-

ods of evaluating health states, health state changes, and treatment outcomes, espe-
cially in non-life-threatening conditions, such as musculoskeletal diseases, and in elective
orthopedic surgeries [1].
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PROM questionnaires can be either generic, representing a patient’s overall quality of
life, or specific, emphasizing a particular disease/condition or joint [1,2]. The development
of disease-specific PROMs has enabled the detection of even small changes in health, which
otherwise would remain unidentified by generic PROMs [3]. To obtain the best possible
general perspective on the effectiveness of medical treatment from the patient’s point of
view, generic and disease-specific PROMs are often combined.

To obtain representative and reliable results from a patient cohort, each PROM ques-
tionnaire’s response rate should be at a minimum of 60% [4,5]. All additional items in the
questionnaire increase the question burden and potentially jeopardize patient compliance,
the response rate, and completeness [6–8]. Monetary incentives, shorter questionnaires,
prenotification, and follow-up notification, on the other hand, have been reported to im-
prove response rates [8,9]. Furthermore, collecting PROM questionnaires both online and
via mail produces significantly higher response rates than using the first option only [3].

However, there is limited knowledge on the patient demographic factors affecting
response rates, as well as a lack of recommendations regarding the maximum number of
questions in PROM questionnaires. While demographic factors cannot be altered, further
understanding of which patients are less likely to respond is vital for developing demo-
graphically targeted approaches to increase the response rate. Furthermore, questionnaires
are often collected both electronically and on paper, and understanding the differences in
response rates between these formats is key to successful interventions for increasing the
response rate.

In this study, our main aim was to analyze the association between the question
burden and the response rate for each PROM questionnaire, based on a large institutional
registry. Secondly, we aimed to investigate how the response rates of patients representing
different demographics (e.g., age and sex) differed from each other, and thirdly, we aimed
to evaluate the proportional use of online and mailed questionnaires.

2. Materials and Methods
An institution-based systematic PROM quality registry with an observational bench-

mark research objective (T283/2020) for all patients undergoing elective surgeries for
musculoskeletal conditions was established in 2019 at Turku University Hospital, Turku,
Finland. The registry was divided into sub-registries by specialties, based on a patient’s
musculoskeletal condition (i.e., hand, elbow, shoulder, spine, hip, knee, and foot and ankle).
From hand, shoulder, spine, and foot and ankle sub-registries, questionnaires on generic
PROMs, preoperative patient history, and other data (e.g., preoperative) were collected in
addition to questionnaires on joint-specific PROMs (Table 1). The joint-specific PROMs
were always asked before the other questionnaires. The number of items in all question-
naires combined (i.e., the question burden) in the sub-registries was calculated (Table 1).
The registry questionnaire survey was activated using an electronic application (Omavointi,
BCB Medical, Turku, Finland) for each eligible patient who was booked for a preoperative
assessment at a specialist outpatient clinic. The patients received an invitation letter by
mail before their outpatient visit, including instructions for answering the questionnaires
online. Furthermore, the hospital staff was instructed to encourage the patients to fill
in the questionnaires during all care contact. The surveys were conducted at 3 months
and at 1 year postoperatively. A link to each questionnaire was sent via SMS (short mes-
saging service, text message) 2 weeks before each time point, and the patients received
a follow-up reminder SMS if the scores were missing 2 weeks after the due date. If no
response was received after the latter reminder, a paper questionnaire that asked the same
questions and had an enclosed prepaid return envelope was mailed to the patients at 1 year
postoperatively, but this only applied to the shoulder, spine, hip, and knee sub-registries.
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Table 1. The sub-registries in the institutional PROM registry; the collected questionnaires for specific
PROMs, generic PROMs, and other data; and the preoperative and postoperative question burden.

Sub-Registry Specific PROM Generic PROM Other Questionnaires Preoperative
Questions (N)

Postoperative
Questions (N)

Hand QUICKDASH - Preoperative data, PCS,
follow-up form 45 33

Shoulder
Instability WOSI 15-D Preoperative data, SSV 54 37
Rotator
cuff WORC 15-D Preoperative data, SSV 54 37

Arthroplasty WOOS 15-D Preoperative data, SSV 52 35

Spine ODI/NDI EQ-5D Preoperative data, VAS,
surgical satisfaction 38 31

Hip
Arthroplasty OHS - - 12 12
Other OHS - - 12 12

Knee
Arthroplasty OKS - - 12 12
Other KOOS - - 42 42

Foot and ankle FAOS 15-D Preoperative data, SFAV 75 58
PROM = patient-reported outcome measure, WOSI = Western Ontario shoulder instability [10], WORC = Western
Ontario rotator cuff [11], WOOS = Western Ontario osteoarthritis of the shoulder [12], OHS = Oxford
hip score [13], OKS = Oxford knee score [14], KOOS = knee injury and osteoarthritis outcome score [15],
FAOS = foot and ankle outcome score [16], 15-D = 15-dimensional measure of health-related quality of
life [17], EQ-5D = EuroQol-5D—a health-related quality-of-life questionnaire [18], ODI = Oswestry disabil-
ity index [19], NDI = neck disability index [19], QUICKDASH = quick disabilities of arm, shoulder, and hand [20],
SSV = subjective shoulder value [21], SFAV = subjective foot/ankle value, VAS = visual analog scale [22],
PCS = pain catastrophizing scale [23].

The collected data varied among the sub-registries, and in addition to PROM data
included age, sex, native language (Finnish, Swedish, Lapp, English, or other), occupational
status (employed, unemployed, student, retired, or other working status), smoking status
(non-smoking or smoking), other diseases (no diseases, cardiovascular disease, neurological
disease, rheumatological disease, endocrinological disease, lung disease, renal disease,
liver disease, cancer, psychiatric disease, allergy, or other disease), the American Society
of Anesthesiology (ASA) score, and the body-mass index (BMI). Surgery-related data on
the operation day, the main diagnosis code (according to the International Classification of
Diseases (ICD)-10 classification), and the main operation (according to the Classification of
Surgical Procedures Version 1.14 by the Nordic Medico-Statistical Committee [NOMESCO])
were also gathered.

The response rate (i.e., the proportions of respondents and non-respondents in each
sub-registry) was calculated at each time point, including the patients whose preoperative
questionnaires were activated and who were each scheduled for an elective surgery be-
tween 1 January and 30 June 2020. The patients who underwent operative treatment until
1 November, 2020, were included to ensure that a whole year of postoperative data col-
lection was complete at the time of the data extraction. The elbow sub-registry was not
launched until 2 March 2020, and due to the small number of patients (<30), it was ex-
cluded from our analyses. The patients who underwent a revision surgery during the
1-year follow-up period were also excluded because an early revision would disrupt the
PROM collection time cycle.



J. Clin. Med. 2025, 14, 6728 4 of 12

Statistics

The effect of four factors—age, physical status (as measured by the ASA classification
system), sex, and the number of all questions in a questionnaire—on the probability of
answering PROM questionnaires was studied as the primary research question. Based on
graphical investigations of the data, the probability of answering depended on the age of
the respondent, though not in a consistent way. Thus, a generalized additive mixed model
(GAMM) [24,25], which allows the response to depend on age in an arbitrary and smooth
way, was chosen to estimate the statistical significance of the factors. The ASA class, sex,
and the number of questions were treated as fixed linear effects, age as a smooth fixed
effect, and the respondent and the specific registry as random effects. Random effects are
necessary to induce the covariance structure of the data because of people’s tendency for
individual responses, and some sub-registry-specific effects may not be captured by the
fixed effects. ASA classes were not available for the hand sub-registry, so they were left
out of the GAMM fit. There were no missing data for the ASA class, age, sex, sub-registry,
or the number of questions once the hand sub-registry was excluded. Observations with
missing PROM data were excluded.

The secondary variables of interest were the smoking habits and employment status
of each patient. These variables were investigated by adding them to the model as fixed
effects, one at a time. However, it should be noted that these variables were missing from
the records of approximately half of the patients; thus, the statistical power was significantly
smaller than that in the main model, as all entries with missing smoking or employment
status were excluded.

All calculations were carried out using the statistical software R (4.4.2) [26], and
visualizations were performed using the package ggplot2 (4.4.0) [27]. The GAMM model
was fitted using the R package mgcv (version 1.8-39). In addition, see Supplementary S2.

3. Results
Between 1 January and 30 June 2020, a registry follow-up with a PROM question-

naire was activated for 6727 patients. Of these patients, 2278 were operated on and had
their preoperative PROM questionnaire completed before 1 November 2020. In total,
2295 cases were included in the analyses since some of the patients had undergone multiple
different surgeries during the study period. The patients had a mean age of 60 years
(SD = 16, range = 14–94), and 1325 (58%) were female. The most common ASA class was
2 (930 patients, 41% of all patients), followed by class 3 (693, 30%). Smoking status was
recorded in 1145 patients (50%), of whom 25% of men and 15% of women smoked (Table 2).

The total numbers of respondents and non-respondents at any time point were 2034
(89%) and 261 (11%), respectively. The response rate was 60% or higher in the whole
study population at all three time points (72% preoperatively, 60% at 3 months, and 63% at
1 year). The response rate at each time point for each sub-registry is presented in Table 3. In
the hand, spine, and foot and ankle sub-registries, the response rate showed a statistically
significant decrease (p < 0.001, p = 0.02, and p < 0.001, respectively) from the preoperative
to the postoperative time points. Of these, the spine sub-registry still had a sufficient
response rate at the postoperative time points (64%), whereas the hand and the foot and
ankle sub-registries were clearly below 60% (36% and 41%, respectively).
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Table 2. Demographic data on all patients in the sub-registries.

All
Hand

Shoulder
Spine

Hip Knee
Foot and

AnkleInstability Rotator
Cuff

Arthro-
plasty

Arthro-
plasty Other Arthro-

plasty Other

N 2295 614 15 49 39 600 317 17 411 64 169

Mean age (range) 60 (14–94) 54 (15–94) 34 (16–62) 60 (34–90) 71 (48–86) 59 (17–89) 69 (22–91) 39 (21–71) 69 (28–91) 35 (14–70) 55 (17–83)

Female, n (%) 1325 (58) 370 (60) 6 (40) 15 (31) 24 (62) 313 (52) 198 (62) 9 (53) 243 (59) 23 (36) 124 (73)

Smoking, n (%)

Yes 214 (9) 112 (18) 2 (13) 8 (16) 6 (15) 69 (12) - - - - 17 (10)

No 931 (41) 326 (53) 9 (60) 29 (59) 26 (67) 417 (70) - - - - 124 (73)

NA/missing 1150 (50) 176 (29) 4 (27) 12 (24) 7 (18) 114 (19) 317 (100) 17 (100) 411 (100) 64 (100) 28 (17)

ASA, n (%)

I 394 (17) 107 (17) 9 (60) 8 (16) 3 (8) 101 (17) 34 (11) 8 (47) 34 (8) 41 (64) 49 (29)

II 930 (41) 168 (27) 5 (33) 34 (69) 16 (41) 248 (41) 158 (50) 6 (35) 185 (45) 23 (36) 87 (51)

III 693 (30) 81 (13) 1 (7) 7 (14) 18 (46) 236 (39) 124 (39) 3 (18) 191 (46) 0 (0) 32 (19)

IV 25 (1) 5 (0.8) 0 (0) 0 (0) 2 (5) 15 (3) 1 (0.3) 0 (0) 1 (0.2) 0 (0) 1 (0.6)

NA/missing 253 (11) 253 (41) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

ASA = American scale of anesthesiology.

Table 3. Response rates in total and in the sub-registries, required reminders, and the response
methods used.

All
Hand

Shoulder
Spine

Hip Knee Foot
and

Ankle
Insta-
bility

Rotator
Cuff

Arthro-
plasty

Arthro-
plasty Other Arthro-

plasty Other

Response rate for the specific PROM (%)

Preoperative 72 67 60 73 72 71 78 47 78 64 72

3 mo, postoperatively 60 47 33 69 67 56 81 29 82 41 37

1 yr, postoperatively 63 34 40 67 79 71 89 47 89 53 35

Response received after (%):

1st SMS reminder 33 29 29 45 32 38 32 29 33 38 37

2nd SMS reminder 10 13 9 12 13 10 6 10 6 10 16

Response method (%)

Electronic 44 43 40 58 45 49 41 41 42 48 53

Preoperative 51 59 60 59 49 47 44 47 46 59 54

3 mo, postoperatively 39 60 33 65 46 49 30 29 33 39 47

1 yr, postoperatively 42 31 27 49 41 52 50 47 45 47 54

Paper 21 7 7 16 31 18 42 0 42 5 10

Preoperative 21 9 7 18 26 26 35 0 33 6 17

3 mo, postoperatively 21 8 0 6 26 9 51 0 50 2 6

1 yr, postoperatively 21 3 13 22 41 21 39 0 44 6 8

mo = months, yr = year, SMS = short messaging service, text message.

An increase in the number of questions (question burden) had a statistically significant
relation to a lower response rate (−0.021, p < 0.001) in a multivariable GAMM model
(Figure 1, see Supplementary S1 for full model details). The results can be summarized
well by a rule of thumb, where the response rate is 0.99N, and N denotes the number
of questions.
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Figure 1. The correlation between the response rate and the number of questions.

Age was significantly statistically associated with the response rate (p < 0.001); for
patients up to 75 years old, the response rate increased, and after this, a decrease was
observed (Figure 2). When only the online electronic responses were assessed, the highest
response rate was found among 59-year-old patients at 61.4% (Figure 3). For a healthy
(ASA class = 1) 60-year-old patient, a 60% response rate was achieved, with 50.8 questions.
Sex, ASA class, and occupational status had no statistically significant relation to the
response rate. Smoking was associated with a poorer response rate (−0.395, p = 0.002). (See
Supplementary S2).

Figure 2. Response rates for the whole study population and males and females separately. The red
dots represent males and the blue ones females. The lines and the shaded areas represent GAMM
predictions and their 95% confidence intervals for a typical registry (random intercept zero) with
48 questions and ASA class I.
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Figure 3. Response rate for online questionnaire only (including all patients).

In total, 3042 (44%) of the responses were collected electronically and 1447 (21%)
manually in paper format (Table 3).

4. Discussion
The main finding of this study was the significant negative association of question

burden and response rates among patients surgically treated for musculoskeletal con-
ditions. The overall PROM questionnaire response rate was satisfyingly 60% or higher
preoperatively, as well as at 3 months and at 1 year postoperatively. However, in several
sub-registries with a heavy question burden, the response rates were unsatisfactory.

Traditionally, orthopedic surgery results have been assessed with overly blunt tools,
such as revision rates [4]. Moving toward more patient-centered and value-based thinking
is vital for improving healthcare outcomes [1,28]. Using PROM data to evaluate treatment
outcomes and effectiveness benefits all healthcare stakeholders [1]. PROMs enable compar-
isons of treatment outcomes at local and larger levels, improvement of clinician–patient
communication as part of shared decision-making, facilitation of comparative effectiveness
research, and enhancement of patients’ awareness of treatment outcomes [1,29]. How-
ever, to objectively evaluate results and ensure their generalizability, a sufficiently high
response rate should be achieved. A minimum of 60% response rate as the threshold is
often presented in the literature, and in cases of a poor response rate, both respondents
and non-respondents should be surveyed to determine potential bias [1,4,5,30]. Therefore,
the usefulness of clinical quality registries has been under a cloud of suspicion [31,32].
Our study demonstrates the general applicability of a systematic institution-based PROM
registry with an overall satisfactory response rate.

It is challenging to strike a balance between long questionnaires that provide detailed
information on the treated conditions and questionnaires that are short enough to achieve
high response rates. In our study, the question burden seemed to be the factor with the
clearest impact on the response rate. Other studies have reported similar results for both on-
line and mailed questionnaires [8], where shorter questionnaires increase the response rates
by over 50%. The foot and ankle sub-registry, which has the highest number of preoperative
questions (75 questions) of all our sub-registries, showed that the odds of responding to
the questionnaire plummeted statistically significantly from 72% preoperatively to 37%
at 3 months and 35% at 1 year postoperatively. Presumably, after completing the lengthy
questionnaire once, patients are less likely to fill out the same questionnaire again. The fact
that the shortest questionnaires in our sub-registries (hip arthroplasty and knee arthroplasty,
12 questions each) show an increase in their response rates over time seems to support this
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assumption. However, in these sub-registries, at the 1-year time point, the assisting staff
members send printed questionnaires to patients who have not submitted the completed
online questionnaires, which likely has an effect on the final response rate. This approach
was not used at 3 months, when these registers also show higher-than-average response
rates. Nonetheless, this finding highlights the need for shortening our questionnaires to
obtain response rates high enough to draw generalizable conclusions from the results. In
our data, among the healthy 60-year-old patients, the required 60% response rate was
achieved with 50 or fewer questions. Some potential practical strategies to achieve this
goal in the future include could be: patient’s ability to answer only to the specific PROM
(and not the entire PROM questionnaire), carefully assessing which questions are relevant
in the entire PROM questionnaire in order to reduce the overall question burden, and
highlighting the importance of the studies and the further benefit of the results obtained
from them for patients.

According to our results, smoking was associated with a low response rate. Since
several sub-registries did not record the patients’ smoking status, extrapolating these results
to a larger population should be undertaken with caution. It should be noted that the
model we used was fitted using only 50% of the data: those that included the smoking
status. However, the percentage of smokers (18.6%) among those patients whose smoking
status was documented in our material was close to the Finnish average of 12% [33]. In
earlier studies, an active smoking status has also been associated with loss to follow-up
among patients with spine disorders, which is in line with our findings [34,35]. This may be
due to smokers’ worse preoperative disease states and larger number of comorbidities [34].

In our study, age and response rate showed a statistically significant correlation. The
response rate increased among patients up to 75 years old and decreased thereafter. When
the response rate to only electronic questionnaires was studied, the respondents were,
on average, a year younger than the non-respondents. In a Dutch study, younger age
was associated with a decreased response rate from preoperative to postoperative PROM
questionnaires, consistent with our data, as their patient population was younger than
75 years [34]. Harris et al. reported that younger patients were more likely to fill out
electronic questionnaires, but, with a follow-up telephone call, the difference by age di-
minished, and overall, the discrepancy was small [30]. Furthermore, Ling et al. found
no correlation between age and response rate among shoulder arthroplasty patients [36].
However, both studies involved only arthroplasty patients, who were also older than those
in some of our sub-registries (mean age = 67 years [SD = 9]).

Providing both online and paper options for answering PROM questionnaires in-
creases the response rate [36,37]. Contacts from a research assistant have been reported
to increase response rates by 20% [38]. In our material, approximately two out of three
patients answered online, and one-third filled out a paper questionnaire. Sending ques-
tionnaires by mail is time-consuming and costly; however, currently, we cannot achieve
a sufficiently high response rate with only an electronic approach. In our institutional
registry, systematic monitoring of whether the patient has answered the questionnaires
at the 1-year time point is carried out only with the shoulder, spine, hip, and knee sub-
registries. In these sub-registries, the paper questionnaires are then sent if the electronic
response is missing. This factor contributes to the postoperative response rate of these
sub-registries. In addition, it is important to critically consider whether the answers to
electronic questionnaires are really that reliable: electronic answering can make it easier to
give hasty answers compared to paper forms. The patient may also become frustrated if
the electronic questionnaire gets stuck/is poorly developed. It would also be interesting to
know what kind of impact different individuals’ digital literacy has on the likelihood of
responding to electronic surveys. On the other hand, some studies have found that PROM
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responses obtained using the electronic method have been similar to those obtained using
the traditional paper questionnaire [39,40]. In addition, electronic questionnaires have the
potential to reach a significantly larger number of patients more cost-effectively compared
to paper forms.

We acknowledge our study’s limitations. First, we studied neither the psychometric
properties of the PROMs nor the treatment results. Instead, we focused only on the number
of questions, patient demographics, and response rates. The PROMs used in the sub-
registries were selected by our sub-specialists who specialized in musculoskeletal diseases
of the joint in that particular sub-register; therefore, they contained varying numbers of
questions. Second, due to some variance in the data among the different sub-registries,
we were unable to include all of them in all analyses. Third, some of the sub-registries
had relatively low numbers of patients. Fourth, the patients in all sub-registries received
SMS reminders if they had not answered the postoperative questionnaires, but, in some
sub-registries, the study nurse also directly contacted the non-respondents, which might
have affected the response rates. Approximately 5500 elective musculoskeletal surgeries
are performed annually at Turku University Hospital. The discrepancy between the actual
number of annual surgeries and the smaller number of patients included in our study
is another limitation, which may be partly caused by the failure to activate preoperative
questionnaires for some patients (e.g., due to an emergency or direct admission to surgical
treatment). Furthermore, 1–2% of the patients refused to fill out the questionnaires and
participate in the PROM registry.

The strengths of this study lie in the large patient population and the systematic
PROM collection system in a large orthopedic unit covering a population of 500,000 people.
The large institutional registry’s highly detailed and accurate data enable further high-
quality research. The PROMs used in our registry are also validated, and the same PROMs
are used in several different countries, which increases the possibility of generalizing
the results. On the other hand, the results may not be as generalizable to environments
where several different hospitals operate in a small area, possibly relying on multiple
information systems.

5. Conclusions
There is a strong correlation between shorter patient questionnaires and higher re-

sponse rates. To achieve a sufficient response rate, the number of questions should be
limited, both in the beginning and during the follow-up.

Special effort should be made to improve the response rate among younger adults.
Finally, providing both electronic and mailed response options and ensuring that the
assisting staff is large enough to collect the completed questionnaires are necessary to
obtain sufficient response rates.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm14196728/s1.

Author Contributions: Conceptualization: V.Ä., S.M. and I.L.; methodology: K.V., V.Ä., S.M.
and I.L.; validation: J.K.; formal analysis: J.K.; investigation: S.M.; data curation: J.K. and S.M.;
writing—original draft preparation: K.V., V.Ä., I.R. and I.L.; writing—review and editing: K.V.,
V.Ä., H.-S.T., A.R., K.P., I.R. and I.L.; visualization: K.V. and J.K.; supervision: V.Ä., I.R. and I.L.;
project administration: V.Ä. and I.L. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by Turku University Hospital government research
funding KP13804.

https://www.mdpi.com/article/10.3390/jcm14196728/s1
https://www.mdpi.com/article/10.3390/jcm14196728/s1


J. Clin. Med. 2025, 14, 6728 10 of 12

Institutional Review Board Statement: Permission for this study was obtained from the Internal
Review Board of Turku University Hospital (TurkuCRC). Our research permit number is T283/2020,
and the approval date is 18 January 2021. This study was performed in accordance with the ethical
standards of the 1964 Declaration of Helsinki.

Informed Consent Statement: Patient consent was waived because the study was a retrospective,
registry-based analysis approved by the institute.

Data Availability Statement: The datasets presented in this article are not readily available because
hospital data contains patient identification data, and GDPR prevents us from sharing individual raw
data. Requests to access the datasets should be directed to the corresponding author.

Acknowledgments: The authors want to give thanks to Maria Suuripää (BCB Medical, Turku,
Finland) for helping us with the data search.

Conflicts of Interest: Ville Äärimaa has received grants from the Academy of Finland, the Social
Insurance Institution of Finland, and the Turku University Hospital. Ville Äärimaa received payment
for their expert testimony given to the National Patient Injury Board. Anssi Ryösä has received grants
from Turunmaa Medical Society Duodecim and the Finnish Medical Society Duodecim. Inari Laakso-
nen has received grants from the State Research Funding of Southwester Finland. Turku University
Hospital has supported Ville Äärimaa and Inari Laaksonen in attending meetings and/or travel.
The remaining authors declare that the research was conducted in the absence of any commercial or
financial relationships that could be construed as a potential conflict of interest.

References
1. Wilson, I.; Bohm, E.; Lübbeke, A.; Lyman, S.; Overgaard, S.; Rolfson, O.; W-Dahl, A.; Wilkinson, M.; Dunbar, M. Orthopaedic

registries with patient-reported outcome measures. EFORT Open Rev. 2019, 4, 357–367. [CrossRef]
2. Hansen, S.T.; Jensen, R.S.; Holm, H.A.; Liljensøe, A. Patient-reported outcome measures in orthopaedics. Dan. Med. J. 2024,

71, A03240193. [CrossRef]
3. Pronk, Y.; Pilot, P.; Brinkman, J.M.; van Heerwaarden, R.J.; van der Weegen, W. Response rate and costs for automated patient-

reported outcomes collection alone compared to combined automated and manual collection. J. Patient-Rep. Outcomes 2019, 3, 31.
[CrossRef]

4. Rolfson, O.; Bohm, E.; Franklin, P.; Lyman, S.; Denissen, G.; Dawson, J.; Dunn, J.; Eresian Chenok, K.; Dunbar, M.; Overgaard, S.;
et al. Patient-reported outcome measures in arthroplasty registries: Report of the Patient-Reported Outcome Measures Working
Group of the International Society of Arthroplasty RegistriesPart II. Recommendations for selection, administration, and analysis.
Acta Orthop. 2016, 87, 9–23. [CrossRef]

5. Pronk, Y.; van der Weegen, W.; Vos, R.; Brinkman, J.-M.; van Heerwaarden, R.J.; Pilot, P.; Edwards, 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, 379. [CrossRef]

6. Weldring, T.; Smith, S.M. Article Commentary: Patient-Reported Outcomes (PROs) and Patient-Reported Outcome Measures
(PROMs). Health Serv. Insights 2013, 6, 61–68. [CrossRef] [PubMed]

7. Roberts, I.; Clarke, M.; DiGuiseppi, C.; Pratap, S.; Wentz, R.; Kwan, I. Increasing response rates to postal questionnaires:
Systematic review. BMJ 2002, 324, 1183. [CrossRef] [PubMed]

8. Edwards, P.J.; Roberts, I.; Clarke, M.J.; Diguiseppi, C.; Wentz, R.; Kwan, I.; Cooper, R.; Felix, L.M.; Pratap, S. Methods to increase
response to postal and electronic questionnaires. Cochrane Database Syst. Rev. 2009, 2009, MR000008. [CrossRef]

9. van Gelder, M.M.; Vlenterie, R.; IntHout, J.; Engelen, L.J.; Vrieling, A.; van de Belt, T.H. Most response-inducing strategies do
not increase participation in observational studies: A systematic review and meta-analysis. J. Clin. Epidemiol. 2018, 99, 1–13.
[CrossRef]

10. Kirkley, A.; Griffin, S.; McLintock, H.; Ng, L. The development and evaluation of a disease-specific quality of life measurement
tool for shoulder instability: The Western Ontario Shoulder Instability Index (WOSI). Am. J. Sports Med. 1998, 26, 764–772.
[CrossRef] [PubMed]

11. Kirkley, A.; Alvarez, C.; Griffin, S. The development and evaluation of a disease-specific quality-of-life questionnaire for disorders
of the rotator cuff: The Western Ontario rotator cuff index. Am. J. Ther. 2003, 13, 84–92. [CrossRef] [PubMed]

12. Lo, I.; Griffin, S.; Kirkley, A. The development of a disease-specific quality of life measurement tool for osteoarthritis of the
shoulder: The Western Ontario Osteoarthritis of the Shoulder (WOOS) index. Osteoarthr. Cartil. 2001, 9, 771–778. [CrossRef]

https://doi.org/10.1302/2058-5241.4.180080
https://doi.org/10.61409/A03240193
https://doi.org/10.1186/s41687-019-0121-6
https://doi.org/10.1080/17453674.2016.1181816
https://doi.org/10.1186/s12955-020-01628-1
https://doi.org/10.4137/HSI.S11093
https://www.ncbi.nlm.nih.gov/pubmed/25114561
https://doi.org/10.1136/bmj.324.7347.1183
https://www.ncbi.nlm.nih.gov/pubmed/12016181
https://doi.org/10.1002/14651858.MR000008.pub4
https://doi.org/10.1016/j.jclinepi.2018.02.019
https://doi.org/10.1177/03635465980260060501
https://www.ncbi.nlm.nih.gov/pubmed/9850776
https://doi.org/10.1097/00042752-200303000-00004
https://www.ncbi.nlm.nih.gov/pubmed/12629425
https://doi.org/10.1053/joca.2001.0474


J. Clin. Med. 2025, 14, 6728 11 of 12

13. Dawson, J.; Fitzpatrick, R.; Carr, A.; Murray, D. Questionnaire on the perceptions of patients about total hip replacement. J. Bone
Jt. Surg.-Ser. B 1996, 78, 185–190. [CrossRef]

14. Dawson, J.; Fitzpatrick, R.; Murray, D.; Carr, A. Questionnaire on the perceptions of patients about total knee replacement. J. Bone
Jt. Surg. Br. 1998, 80, 63–69. [CrossRef]

15. Roos, E.M.; Roos, H.P.; Lohmander, S.; Ekdahl, C.; Beynnon, B.D. Knee Injury and Osteoarthritis Outcome Score (KOOS)—
Development of a Self-Administered Outcome Measure. J. Orthop. Sports Phys. Ther. 1998, 28, 88–96. [CrossRef] [PubMed]

16. Roos, E.M.; Brandsson, S.; Karlsson, J. Validation of the foot and ankle outcome score for ankle ligament reconstruction. Foot
Ankle Int. 2001, 22, 788–794. [CrossRef]

17. Sintonen, H. The 15D instrument of health-related quality of life: Properties and applications. Ann. Med. 2001, 33, 328–336.
[CrossRef]

18. EuroQol Group. EuroQol—A new facility for the measurement of health-related quality of life. Health Policy 1990, 16, 199–208.
[CrossRef]

19. McCormick, J.D.; Werner, B.C.; Shimer, A.L. Patient-reported outcome measures in spine surgery. J. Am. Acad. Orthop. Surg. 2013,
21, 99–107. [CrossRef]

20. Beaton, D.E.; Wright, J.G.; Katz, J.N.; Amadio, P.; Bombardier, C.; Cole, D.; Davis, A.; Hudak, P.; Marx, R.; Hawker, D.; et al.
Development of the QuickDASH: Comparison of three item-reduction approaches. J. Bone Jt. Surg. 2005, 87, 1038–1046.

21. Jost, B.; Pfirrmann, C.W.A.; Gerber, C. Clinical outcome after structural failure of rotator cuff repairs. J. Bone Jt. Surg. 2000, 82,
304–314. [CrossRef] [PubMed]

22. Scott, J.; Huskisson, E.C. Graphic representation of pain. PAIN 1976, 2, 175–184. [CrossRef] [PubMed]
23. Sullivan, M.J.L.; Bishop, S.R.; Pivik, J. The Pain Catastrophizing Scale: Development and validation. Psychol. Assess 1995, 7,

524–532. [CrossRef]
24. Wood, S. Chapman and Hall/CRC. Generalized Additive Models: An Introduction with R, 2nd ed.; CRC Press: Boca Raton, FL,

USA, 2017.
25. Wood, S.N. Fast stable restricted maximum likelihood and marginal likelihood estimation of semiparametric generalized linear

models. J. R. Stat. Soc. Ser. B Stat. Methodol. 2010, 73, 3–36. [CrossRef]
26. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria,

2023; Available online: https://www.R-project.org/ (accessed on 11 December 2023).
27. Wickham, H. ggplot2: Elegant Graphics for Data Analysis; Springer: New York, NY, USA, 2016; ISBN 978-3-319-24277-4. Available

online: https://ggplot2.tidyverse.org (accessed on 2 March 2022).
28. Porter, M.E. What is value in health care. N. Engl. J. Med. 2010, 363, 2477–2481. [CrossRef]
29. Ahmed, S.; Berzon, R.A.; Revicki, D.A.; Lenderking, W.R.; Moinpour, C.M.; Basch, E.; Reeve, B.B.; Wu, A.W.; International Society

for Quality of Life Research. The use of patient-reported outcomes (PRO) within comparative effectiveness research: Implications
for clinical practice and health care policy. Med. Care 2012, 50, 1060–1070. [CrossRef]

30. Harris, I.A.; Cashman, K.; Lorimer, M.; Peng, Y.; Ackerman, I.; Heath, E.; Graves, S.E.; Janssen, M.F. Are responders to patient
health surveys representative of those invited to participate? An analysis of the Patient-Reported Outcome Measures Pilot from
the Australian Orthopaedic Association National Joint Replacement Registry. PLoS ONE 2021, 16, e0254196. [CrossRef]

31. Hoque, D.M.E.; Kumari, V.; Hoque, M.; Ruseckaite, R.; Romero, L.; Evans, S.M. Impact of clinical registries on quality of patient
care and clinical outcomes: A systematic review. PLoS ONE 2017, 12, e0183667. [CrossRef]

32. Lee, P.; Chin, K.; Liew, D.; Stub, D.; Brennan, A.L.; Lefkovits, J.; Zomer, E. Economic evaluation of clinical quality registries: A
systematic review. BMJ Open 2019, 9, e030984. [CrossRef]

33. THL. Tilastoraportti 38/2021, Tupakkatilasto 2020, Tupakointi Väenee Mutta Västöyhmien VälilläEroa. 2021. Available on-
line: https://www.julkari.fi/bitstream/handle/10024/143281/Tupakkatilasto%202020%20full.pdf?sequence=3&isAllowed=y
(accessed on 6 March 2022).

34. Schröder, M.L.; de Wispelaere, M.P.; Staartjes, V.E. Predictors of loss of follow-up in a prospective registry: Which patients drop
out 12 months after lumbar spine surgery? Spine J. 2019, 19, 1672–1679. [CrossRef]

35. Højmark, K.; Støttrup, C.; Carreon, L.; Andersen, M.O. Patient-reported outcome measures unbiased by loss of follow-up.
Single-center study based on DaneSpine, the Danish spine surgery registry. Eur. Spine J. 2015, 25, 282–286. [CrossRef] [PubMed]

36. Ling, D.I.; Finocchiaro, A.B.; Schneider, B.; Lai, E.; Dines, J.; Gulotta, L. What Factors Are Associated with Patient-reported
Outcome Measure Questionnaire Completion for an Electronic Shoulder Arthroplasty Registry? Clin. Orthop. Relat. Res. 2020,
479, 142–147. [CrossRef] [PubMed]

37. Clark, L.; Ronaldson, S.; Dyson, L.; Hewitt, C.; Torgerson, D.; Adamson, J. Electronic prompts significantly increase response rates
to postal questionnaires: A randomized trial within a randomized trial and meta-analysis. J. Clin. Epidemiol. 2015, 68, 1446–1450.
[CrossRef]

38. Makhni, E.C.; Higgins, J.D.; Hamamoto, J.T.; Cole, B.J.; Romeo, A.A.; Verma, N.N. Patient Compliance With Electronic Patient
Reported Outcomes Following Shoulder Arthroscopy. Arthrosc. J. Arthrosc. Relat. Surg. 2017, 33, 1940–1946. [CrossRef]

https://doi.org/10.1302/0301-620X.78B2.0780185
https://doi.org/10.1302/0301-620X.80B1.0800063
https://doi.org/10.2519/jospt.1998.28.2.88
https://www.ncbi.nlm.nih.gov/pubmed/9699158
https://doi.org/10.1177/107110070102201004
https://doi.org/10.3109/07853890109002086
https://doi.org/10.1016/0168-8510(90)90421-9
https://doi.org/10.5435/JAAOS-21-02-99
https://doi.org/10.2106/00004623-200003000-00002
https://www.ncbi.nlm.nih.gov/pubmed/10724223
https://doi.org/10.1016/0304-3959(76)90113-5
https://www.ncbi.nlm.nih.gov/pubmed/1026900
https://doi.org/10.1037/1040-3590.7.4.524
https://doi.org/10.1111/j.1467-9868.2010.00749.x
https://www.R-project.org/
https://ggplot2.tidyverse.org
https://doi.org/10.1056/NEJMp1011024
https://doi.org/10.1097/MLR.0b013e318268aaff
https://doi.org/10.1371/journal.pone.0254196
https://doi.org/10.1371/journal.pone.0183667
https://doi.org/10.1136/bmjopen-2019-030984
https://www.julkari.fi/bitstream/handle/10024/143281/Tupakkatilasto%202020%20full.pdf?sequence=3&isAllowed=y
https://doi.org/10.1016/j.spinee.2019.05.007
https://doi.org/10.1007/s00586-015-4127-3
https://www.ncbi.nlm.nih.gov/pubmed/26208938
https://doi.org/10.1097/CORR.0000000000001424
https://www.ncbi.nlm.nih.gov/pubmed/32740479
https://doi.org/10.1016/j.jclinepi.2015.01.016
https://doi.org/10.1016/j.arthro.2017.06.016


J. Clin. Med. 2025, 14, 6728 12 of 12

39. Gwaltney, C.J.; Shields, A.L.; Shiffman, S. Equivalence of electronic and paper-and-pencil administration of patient-reported
outcome measures: A meta-analytic review. Value Health 2008, 11, 322–333. [CrossRef]

40. Pan, J.; Yap, N.; Prasse, T.; Hofstetter, C.P. Validation of smartphone app-based digital patient reported outcomes in full-endoscopic
spine surgery. Eur. Spine J. 2023, 32, 2903–2909. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/j.1524-4733.2007.00231.x
https://doi.org/10.1007/s00586-023-07819-w
https://www.ncbi.nlm.nih.gov/pubmed/37405531

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

