Grassi et al. BMC Musculoskeletal Disorders
https://doi.org/10.1186/s12891-019-2745-3

(2019) 20:374

STUDY PROTOCOL

Open Access

Patient-reported outcome measures
(PROMs) after elective hip, knee and
shoulder arthroplasty: protocol for a
prospective cohort study
Alberto Grassi1, Davide Golinelli2* , Dario Tedesco3, Maurizia Rolli3, Barbara Bordini4, Marilina Amabile4,
Paola Rucci2, Maria Pia Fantini2 and Stefano Zaffagnini1

Abstract
Background: The number of hip, knee and shoulder arthroplasties continues to rise worldwide. The Organization
for Economic Cooperation and Development has launched an initiative (called PaRIS Initiative) for the systematic
collection of Patient Reported Outcome Measures (PROMs) in patients undergoing elective hip and knee
arthroplasty. The Rizzoli Orthopedic Institute (IOR) was selected as a pilot center for the launch of the Initiative in
Italy given that IOR hosts the Registry of Orthopedic Prosthetic Implants (RIPO), a region-wide registry which
collects joint implant data from all the hospitals in the Emilia-Romagna Region. In this specific geographic area
information related to PROMs after joint replacement is unknown. This paper describes the protocol of a study
(PaRIS-IOR) that aims to implement the collection of a set of PROMs within an existing implant registry in Italy. The
study will also investigate the temporal trend of PROMs in relation to the type of prosthesis and the type of
surgical intervention.
Methods: The PaRIS-IOR study is a prospective, single site, cohort study that consists of the administration of
PROMs questionnaires to patients on the list for elective arthroplasty. The questionnaires will be administered to
the study population within 30 days before surgery, and then at 6 and 12 months following surgery. The study
population will consist of consecutive adult patients undergoing either hip, knee or shoulder arthroplasty. The
collected data will be linked with those routinely collected by the RIPO in order to assess the temporal trend of
PROMs in relation to the type of prosthesis and the type of surgical intervention.
Discussion: The PaRIS-IOR study could have important implications in targeting the factors influencing functional
outcomes and quality of life reported by patients after hip, knee and shoulder arthroplasty, and will also represent
the first systematic collection of PROMs related to arthroplasty in Italy.
Trial registration: Protocol version (1.0) and trial registration data are available on the platform
www.clinicaltrial.gov with the identifier NCT03790267, first posted on December 31, 2018.
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* Correspondence: davide.golinelli@gmail.com; davide.golinelli@unibo.it
2
Department of Biomedical and Neuromotor Sciences, University of Bologna,
Bologna, Italy
Full list of author information is available at the end of the article
© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Grassi et al. BMC Musculoskeletal Disorders

(2019) 20:374

Background
The number of hip, knee and shoulder arthroplasties
continues to rise worldwide [1]. Arthroplasties are
increasing due to several factors, such as the higher longevity and higher osteoarthritis incidence [2–4]. This
represents a challenge for healthcare providers, given its
consequences on patients’ functional outcomes and
quality of life, and related costs.
The World Health Organization (WHO) has defined
patient centeredness as a fundamental characteristic for
the quality of healthcare [5]. Patient centeredness can be
improved through the collection and analysis of functional outcomes and quality of life reported by patients,
the so-called Patient-Reported Outcome Measures
(PROMs). PROMs take the perspective of the patient,
and typically represent outcomes that matter more to
patients, such as impact on usual activities and self-care,
and are described in a language that is easier to understand than clinical measures [1]. Measuring PROMs in
patients who have undergone arthroplasty surgery can
be a key tool to improve healthcare quality. PROMs are
routinely collected in the implant registries of several
OECD countries [6, 7]. For example, the National Joint
Registry (NJR) in the United Kingdom has one of the
largest PROMs collections of patients undergoing hip,
knee or shoulder arthroplasty [8]. Studies from Sweden,
Norway, and the Netherlands showed that adding the
patient perspective by integrating data on functional outcomes and quality of life to selected health information
systems, such as registries, gives relevant benefits in
terms of quality improvement [9–11]. However, there
are differences in the quality of life in such different
countries. One important consideration when using such
measures in multi-country studies is that many geographical factors (ethnicity, culture, etc.) may potentially
affect responses in patient reported outcomes. This can
make the evidence originated from a country registry (or
a PROMs collection) non-generalizable. In fact, multiple
studies comparing various national arthroplasty registries highlighted difference in pre-operative patients’
characteristics and PROMs [12–16], thus cautioning
from within-countries comparison and suggesting riskadjustment prior to making conclusions about apparent
differences in outcome.
Moreover, PROMs assessment is not extensively
adopted in many contexts due to the difficulty in systematically recording information reported by patients
before and after the surgical procedure. A standard of
PROMs collection is therefore necessary in as many
countries as possible. Accordingly, the Organization for
Economic Cooperation and Development (OECD) has
launched an initiative (Patient-Reported Indicator Survey, PaRIS) for the systematic collection of PROMs in
patients undergoing elective hip and knee prosthetic
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arthroplasty at 6 and 12 months post-operatively [17].
Creating a network of standardized collections of
PROMs in all OECD countries will help investigate the
determinants of quality in healthcare and to carry out
national and international comparisons.
The IRCCS Rizzoli Orthopedic Institute (IOR) in Bologna, Italy, was selected as one of the pilot centers to
launch the PaRIS initiative in Italy, with the aim to
accelerate the adoption and reporting of validated, standardized, internationally comparable patient-reported
indicators. Since 2000, local health authorities appointed
IOR to implement and manage the Registry of Orthopedic
Prosthetic Implants (RIPO), a region-wide registry which
collects joint implant data from all public and private hospitals in the Emilia-Romagna Region in Italy, an area of
4.5 million inhabitants [18, 19]. In this specific geographic
region the information related to patient reported functional outcomes after joint replacement have never been
collected. Therefore, information on health-related quality
of life in this specific population is not available.
This paper describes the protocol of a study (PaRISIOR) that aims to implement the collection of a set of
PROMs within an existing implant registry in Italy. The
study will also investigate the temporal trend of PROMs
in relation to the type of prosthesis and the type of
surgical intervention. This can be useful for clinicians,
surgeons and policy-makers in order to improve healthcare quality in a specific geographic region.

Methods
Design and setting of the study

The PaRIS-IOR study is a prospective, single site, cohort
study that will be conducted at the IOR, a third-level
mono-specialty hospital in Bologna, Italy. About 60% patients admitted to IOR for joint replacement surgeries
come from other regions or countries, therefore IOR
population can be considered nationally representative.
PROMs data will be linked to the Registry of Orthopedic
Prosthetic Implants (RIPO). This registry collects on a
regular basis data of patients undergoing hip, knee and
shoulder replacement. Collected data include patients’
demographics, pathology leading to joint replacement,
type of surgical procedures, and the characteristics of
the implant.
PROMs questionnaires will be given to patients awaiting surgery by specifically trained researchers within 30
days before surgery for hip, knee or shoulder arthroplasty, and then at 6 and 12 months following surgery.
PROMs data will be merged with those routinely
recorded in the RIPO registry database [20] and with
hospital discharge records to determine the frequency of
adverse events, implant failures and hospital readmissions.
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Study population and recruitment procedures

The study population will include consecutive adult patients undergoing elective hip, knee or shoulder arthroplasty admitted at the 6 operative units that perform hip,
knee and shoulder arthroplasty (Orthopedic and Traumatological Clinic 1, Orthopedic and Traumatological Clinic
2, Orthopedic and Traumatologic Clinic 3, Reconstructive
Orthopedic Surgery - Innovative Techniques, Shoulder
and Elbow Surgery, Prosthetic Surgery and revisions of
hip and knee implants).
For elective hip, knee and shoulder surgery performed at the 6 operative units, the IOR has activated
a Pre-Admission Plan (PAP). About 90% of patients
who undergo elective surgery are included in the
PAP, visited in a dedicated clinic within the hospital,
where an orthopedic surgeon confirms the indication
for joint replacement and an anesthesiologist assesses
the patient’s eligibility to undergo surgery. From 15
to 30 days before the admission, patients are contacted by phone and notified about the admission
date and the admission procedures. For these patients
the recruitment will be carried out in a specific area
during the pre-admission visit. Patients not included
in the PAP (about 10%) will be enrolled directly at
the operative units before the surgery.
Inclusion criteria are:
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1.
2.
3.
4.

Males and females
Age 18–95 years
Elective primary hip, knee or shoulder arthroplasty
Willingness to be enrolled in the study, by signing
the informed consents

Exclusion criteria are:
1. Severe cognitive impairment
2. Arthroplasty for musculoskeletal cancer
3. Patient not eligible for surgical procedures
Study phases and intervention

The study consists of 3 phases (Fig. 1). At baseline, eligible patients that meet the inclusion criteria will be
identified. The evaluation will be performed in the PAP
clinic in the 15–30 days preceding the intervention or in
the ward of the operative unit just before surgery; in this
phase, patients who agree to participate to the study will
be administered two self-report questionnaires (EQ-5D3 L for all patients and the joint-specific questionnaire).
The staff in charge of the distribution and collection of
the questionnaires will follow a progressive number that
will be the same used to input the data in the CRF and
to match the patient record with the RIPO’s unique
anonymized identification code.

Fig. 1 PaRIS-IOR flowchart including the pre-study routine practice for data collection in RIPO registry and the study phases (baseline, follow-up
and data analysis)
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The follow-up phase will be carried out at 6 and 12
months by mailing the same 2 questionnaires; participants will be asked to return the filled questionnaires. In
case the questionnaires are not mailed back within 1
month, the participants will receive a reminder phone
call.
Data analysis will be performed by the RIPO staff with
the methodological support of the Biomedical and
Health Services Research Unit of the University of
Bologna.
Instruments

Four validated questionnaires will be used in the study.
One questionnaire (Euro Quality 5 Dimensions, EQ-5D-3
L) for the general assessment of the patient health status
will be administered to all patients enrolled in the study
[21]. According to the surgical procedure, patients will be
administered with a joint-specific questionnaire: the Hip
disability and Osteoarthritis Outcome Score – Physical
function Short-form (HOOS-PS) for patients undergoing
hip replacement [22]; the Knee injury and Osteoarthritis
Outcome Score – Physical function Short-form (KOOSPS) for patients undergoing knee replacement [23]; the
American Shoulder and Elbow Surgeons Standardized
Shoulder Assessment Form (ASES), for patients undergoing
shoulder implants. This last questionnaire will be
administered in a modified version that does not include
the assessments performed by the orthopedic surgeon [24].
Euro quality 5 dimensions questionnaire (EQ-5D-3 L)

The Euro Quality 5 Dimensions EQ-5D is a standardized
measure of health related quality of life used worldwide
[25, 26]. It is a self-report instrument consisting of a descriptive system with five dimensions (mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression)
and a visual analog scale (EQ-VAS) to measure overall
health.
There are two versions of the instrument for use in
the adult population, EQ-5D-3 L and EQ-5D-5 L. The
version of EQ-5D used in this study (EQ-5D-3 L) uses
three levels of severity (1 = no, 2 = some, 3 = extreme
problems or unable to) in each dimension. We have decided to use the version with three response options
(EQ-5D-3 L) rather than the version with five response
options EQ-5D-5 L because it is shorter, faster and easier
to administer in clinical settings where elderly people
are treated. The EQ-5D health states, defined by the EQ5D descriptive system, may be converted into a single
summary score by applying weights to each of the levels
in each dimension, as is typically done in cost utility
analysis.
The visual analogue scale (EQ-VAS) will be used by
participants to rate their health status between the worst
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conceivable health state (score = 0) to the best conceivable health state (score = 100).
The Italian version of EQ-5D has been validated by Savoia et al. [21].
Hip disability and osteoarthritis outcome score – physical
function short-form (HOOS-PS)

The HOOS-PS is the 5-item the short-form version of
the Hip disability and Osteoarthritis Outcome Score
(HOOS), developed in English in 2003 [27, 28] to measure pain, symptoms, activity of daily living, sport and recreation function and hip-related quality of life from the
patients’ perspective. The 5 items included in the short
form measure physical function and are rated on fivepoint Likert scale (none, mild, moderate, severe, extreme), where 0 indicates no problems and 4 extreme
problems. Item score can be transformed to a 0–100
scale with 0 indicating the worst problems and 100 indicating no problems The HOOS was translated and
adapted to Italian, according to the international guidelines provided by Torre et al. [22].
Knee injury and osteoarthritis outcome score – physical
function short-form (KOOS-PS)

The KOOS-PS is the 7-item short-form of Knee injury
and Osteoarthritis Outcome Score developed in English
by Roos et al. [29] to measure pain, symptoms, activity
of daily living, sport and recreation function and kneerelated quality of life from the patients’ perspective.
Items are rated on a five-point Likert scale, where 0 indicates no problems and 4 extreme problems and normalized to a 0–100 scale, where 0 indicates extreme
problems and 100 no problem. The Italian version of
KOOS has been validated by Monticone et al. [23].
American shoulder and elbow surgeons standardized
shoulder assessment form (ASES)

The American Shoulder and Elbow Surgeon Standardized Shoulder Assessment Form (ASES) was developed
in 1994 for the assessment of patients with shoulder
problems. It consists of a self-report section and a section including the results of physical examination filled
out by the medical staff. The questionnaire used in the
present study will be administered in a modified version
that does not include the assessments performed by the
orthopedic surgeon.
The ASES Subjective Form includes 11 items that
measure pain (1 item) and function (10 items). The response to the pain question is rated on a 10-cm visual
analog scale (VAS). The 10 items in the function area
measure daily living activities.
The ASES also includes two general items: doing usual
work and doing usual sport. These items are rated from
0 (unable to do) to 3 (not difficult). The final score is
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obtained by multiplying the pain score by 5 and the cumulative activity score by 5/3 and then adding the two
scores. The total score of the questionnaire ranges from
0 (=worst outcome) to 100 (=best outcome). The ASES
has been validated in Italian by Padua et al. [24].
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because they are unable or not interested in providing information on their functional status. If there is a differential response to follow-up related to patients’ conditions,
follow-up data may be biased. To determine the possible
presence of this bias, sensitivity analyses will be
conducted.

Endpoints

The outcomes of interest are functional and quality
of life outcomes, measured through the total scores
and the subscales of the administered questionnaires.
For the joint-specific functional scales, we will use the
total score; for the EQ-5D we will use the scores of
the single dimensions, along with a VAS total score
on a 0–100 scale to measure the overall health status.
Other outcomes include adverse events, implant failures and hospital re-admissions at 30 and 90 days
after discharge.

Study duration and timeline

The study will have an overall duration of 30 months
and will be considered in any case completed 6 months
after the recruitment target is achieved.
The study timeline is the following:
 Months 1–12: Selection and enrollment of the

patients and database implementation.
 Months 6–24: Follow up (6 and 12 months) and

database implementation.
 Months 24–30: Analysis of data and final

Sample size

dissemination of results.

The study will include all patients undergoing elective
hip, knee and shoulder arthroplasty in the 6 Operative
Units, who will meet the inclusion criteria. We plan to
enroll 1700 patients, of which 1100 with hip replacement, 500 with knee replacement and 100 with shoulder
replacement in 2019, according to the number of arthroplasties performed at the IOR in 2016. We expect a 10%
rejection rate and a 40% follow-up drop-out rate.

Due to the easy design and the low clinical and
organizational impact of the study, the collection and
analysis of PROMs are expected to continue and become
structural in the RIPO registry beyond the end of the
study. Within the OECD’s PaRIS Initiative it is planned
to generate a considerable amount of internationally
comparable PROMs data.

Statistical analyses

Ethics and dissemination

Patients’ demographic and clinical variables (gender,
age, body-mass index, comorbidity, clinical history,
diagnosis) and surgical details (type of surgical procedure, surgical technique, antimicrobial prophylaxis,
type of implant, acute and post-acute complications,
and implant failures) will be extracted from RIPO.
Adverse events and 30 and 90 days hospital readmissions will be extracted from the hospital discharge
record database. For statistical analyses patients will
be stratified according to the anatomic site of the surgical procedure (hip, knee and shoulder arthroplasty).
Patients with a bilateral implant will be included in
the analyses just once.
To analyze the temporal trend of functional and quality
of life outcomes and to identify the factors influencing
their trend, generalized estimation equations (GEE) and
structural equation models (SEM) will be used. These
techniques allow to obtain robust estimates even in presence of missing data. We estimated a 40% attrition rate
and expected that non-compliance in returning the
questionnaires is not linked to a systematic reason (for example, baseline level of joint impairment). However, it is
possible that patients with specific characteristics (for instance very old patients or patients with less severe
conditions) do not return the follow-up questionnaire

This study has been approved by the AVEC research ethics committee board [30], ID PG0013646 on 11-29-2018.
All patients will sign two written informed consents, one
for privacy and one for participation. The protocol of the
study is also available on the clinicaltrials.gov platform (ID
NCT03790267). The study findings will be reported for
publication in peer-reviewed journals.
Financial burden

Considering the characteristics of the study, the costs
are related to personnel (2 RIPO units for a total of 32,
500 € for the study duration) and postal expenses (foreseen in 8000 € considering the number of patients to be
enrolled in the study). These costs will be incurred
within the RIPO and IOR funds, respectively.

Discussion
This paper described the protocol of the PaRIS-IOR
study. The study will integrate and combine PROMs
related to patients undergone joint surgery with implant
registry data and will contribute to investigate the
temporal trend of PROMs in relation to the type of
prosthesis and the type of surgical intervention. This will
be useful for clinicians, surgeons and policy-makers to
improve healthcare quality and the management of
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patients undergoing hip, knee and shoulder arthroplasty
in a specific geographic region where information on
health-related quality of life after elective joint replacement is unknown. The outcomes of highly common procedures such as joint replacement should be ideally
collected within a specific country or a geographical region. In fact, differences in both pre-operative status and
outcomes across international patient groups have been
highlighted in previous studies. In a study of 12 European countries evaluating patients with advanced hip
osteoarthritis, the level of pre-operative pain and disability have been reported to vary across countries [16] .
Similarly, Lingard et al. [31] reported that patient from
United Kingdom had significantly worse clinical outcomes one and 2 years after total knee arthroplasty respect to those from USA and Canada, after adjusting for
confounding factors. Moreover, Gromov et al. [15] reported greater pain and poorer function in US than in
the European patients. Thus, the creation of this national\regional registry-based PROMS collection would
help to further clarify this controversy.
Moreover, the present study consists in measuring
the functional and quality of life outcomes of the participants and combining them with the clinical, surgical and organizational data routinely recorded into
the RIPO registry. There are conflicting results in the
literature on which surgical and organizational factors
are associated with an improvement in PROMs after
joint surgery [11, 27, 28]. Prodinger and Taylor
highlighted [9] the role of PROMs in realizing a biopsycho-social perspective on health. On the other
hand, the same authors reported that one of the main
concerns for using PROMs in monitoring quality of
healthcare is the lack of standards on what change in
PROMs scores should be achieved when conducting a
surgery for arthroplasty. Amlie et al. [11] found worse
outcomes 1–3 years after primary total hip arthroplasty performed with the direct lateral approach rather than the anterior and posterolateral approaches,
using PROMs data from 1476 patients. Conversely,
Peters et al. found no relevant differences in PROMs
improvements between the anterior and posterolateral
approaches [10]. The PaRIS-IOR study will contribute
to increase the consistency of scientific evidence in
this area.
The PaRIS-IOR study, beyond providing specific information on interventions and outcomes, can help in
building data collection standards potentially useful in
comparison analyses. As proposed by OECD, it is important to have shared and standardized measures to
make comparisons at the international level, but also
to provide insights for clinical audit activities at a national, regional and single organization level. Healthcare professionals can improve patient selection and
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profiling for the most suitable surgical technique or
type of prosthesis. This should be done in order to
increase appropriateness, effectiveness, safety, and
therefore quality.
The study has several strengths. First, the collection
of PROMs within the longest running implant registry
in Italy may provide important insights from a geographical region where systematic collections of
PROMs do not exist yet. A second strength is the
collection of data and PROMs related to shoulder
arthroplasty. The high number of shoulder arthroplasties performed at the IOR (> 100 per year) allows extending the collection of functional and quality of life
outcomes to this cohort of patients. Moreover, the
design of the PaRIS-IOR study includes the collection
of PROMs at 3 different time points: before surgery,
at 6 and 12 months. This will increase the information related to patients’ reported outcomes, following
them over a long period of time.
This study has two important limitations. First, the
study will be conducted in one center, a third-level
mono-specialty hospital. This implies the risk of
selecting patients with a more severe case-mix. In the
future, it is desirable for the study to be extended
also to the first and second level centers where the
remaining joint surgery interventions are carried out
in the Emilia-Romagna region. Secondly, the collection of data will take place using paper forms for the
collection of functional and the quality of life outcomes of the study participants. This is mainly due to
the low compliance to the use of new technologies by
the elderly patients who will be enrolled in the study.
Instead, this should take place relying on the increasing use of digital application for the remote record of
clinical and functional outcomes, including PROMs.
We are evaluating options to digitally record PROMs
data and integrate them automatically into each patient’s electronic medical record and then in the
registry, overcoming the need for paper forms. From
this point of view, however, the main problems relate
to security, privacy and interoperability of the
systems.
In summary, we believe this study could have important implications in targeting the factors influencing the evolution of functional and quality of life
outcomes reported by patients after hip, knee and
shoulder arthroplasty. Widening the view, the study
will also represent the first systematic collection of
PROMs related to arthroplasty in Italy and will contribute to increase the adoption of such important
outcome measures to improve healthcare quality.
Abbreviations
ASES: American Shoulder and Elbow Surgeon Standardized Shoulder
Assessment Form; EQ-5D: Euro Quality 5 Dimensions; GEE: Generalized

Grassi et al. BMC Musculoskeletal Disorders

(2019) 20:374

Estimation Equations; HOOS-PS: Hip disability and Osteoarthritis Outcome
Score – Physical function Short-form; IOR: Rizzoli Orthopedic Institute; KOOSPS: Knee injury and Osteoarthritis Outcome Score – Physical function Shortform; OECD: Organization for Economic Cooperation and Development;
PAP: Pre-Admission Plan; PaRIS: Patient-Reported Indicator Survey;
PROMs: Patient-Reported Outcome Measures; RIPO: Registry of Orthopedic
Prosthetic Implants; SEM: Structural Equation Models; VAS: Visual Analog
Scale; WHO: World Health Organization; WOMAC: Western Ontario and
McMaster Universities Osteoarthritis Index
Acknowledgments
The authors wish to express their gratitude to the RIPO personnel and to all
the the operative units involved in the PaRIS-IOR study.
Authors’ contributions
AG had the idea of the study and wrote the manuscript. DG wrote the
manuscript and contributed in preparing the study protocol. DT prepared
the study protocol and contributed in writing the manuscript. MR
contributed in preparing the study protocol and supported in conducting
the study. BB and MA are conducting the study. PR contributed in writing
the study protocol and the manuscript. MPF supported the study and
reviewed the manuscript for intellectual contents. SZ supported the study
and reviewed the manuscript for intellectual contents. All authors read and
approved the final manuscript.
Funding
This study received no specific grant from any funding agency in the public,
commercial or not-for-profit sectors.
Availability of data and materials
Protocol and other information are available at: https://www.clinicaltrials.gov/
ct2/show/NCT03790267
Ethics approval and consent to participate
This study has been approved by the AVEC research ethics committee board
[30] with identifier code: PG0013646 approved on 11-29-2018. The study is
also available on the platform www.clinicalTrials.gov, with the identifier:
NCT03790267. Any modifications to this protocol that impact study procedures or analysis will result in an amendment to the protocol and ethics application. All participants are asked to sign two informed consents prior to
being included in the study, one for privacy and one for participation.

Page 7 of 8

4.
5.

6.

7.

8.
9.

10.

11.

12.

13.

14.

Consent for publication
Consent to publish from the participant to report patient data will be
obtained.

15.

Competing interests
The authors declare that they have no competing interests.

16.

Author details
1
IIa Clinica Ortopedica e Traumatologica, IRCCS Istituto Ortopedico Rizzoli,
Bologna, Italy. 2Department of Biomedical and Neuromotor Sciences,
University of Bologna, Bologna, Italy. 3IRCCS Istituto Ortopedico Rizzoli,
Bologna, Italy. 4Medical Technology Lab, IRCCS Istituto Ortopedico Rizzoli,
Bologna, Italy.

17.

18.
Received: 13 April 2019 Accepted: 29 July 2019
19.
References
1. Bansback N, Trenaman L, MacDonald KV, Hawker G, Johnson JA, Stacey D,
et al. An individualized patient-reported outcome measure (PROM) based
patient decision aid and surgeon report for patients considering total knee
arthroplasty: protocol for a pragmatic randomized controlled trial. BMC
Musculoskelet Disord. 2019; 20(1). Available from: https://doi.org/10.1186/
s12891-019-2434-2. [cited 2019 Mar 15].
2. Allen KD, Golightly YM. State of the evidence. Curr Opin Rheumatol. 2015;
27(3):276–83.
3. Singh JA, Vessely MB, Harmsen WS, Schleck CD, Melton LJ, Kurland RL, et al.
A population-based study of trends in the use of total hip and total knee
arthroplasty, 1969-2008. Mayo Clin Proc. 2010;85(10):898–904.

20.
21.

22.

Carr AJ, Robertsson O, Graves S, Price AJ, Arden NK, Judge A, et al. Knee
replacement. Lancet. 2012;379(9823):1331–40.
World Health Organization, Organisation for Economic Co-operation and
Development, The World Bank. Delivering quality health services: a global
imperative for universal health coverage. Geneve: WHO; 2018. Available
from: https://www.worldbank.org/en/topic/universalhealthcoverage/
publication/delivering-quality-health-services-a-global-imperative-foruniversal-health-coverage. WHO 2018
Lübbeke A, Silman AJ, Barea C, Prieto-Alhambra D, Carr AJ. Mapping
existing hip and knee replacement registries in Europe. Health Policy. 2018;
Available from: https://doi.org/10.1016/j.healthpol.2018.03.010
Lübbeke A, Silman AJ, Prieto-Alhambra D, Adler AI, Barea C, Carr AJ. The
role of national registries in improving patient safety for hip and knee
replacements. BMC Musculoskelet Disord. 2017; 18(1). Available from:
https://doi.org/10.1186/s12891-017-1773-0. [cited 2019 Mar 25].
National Joint Registry (NJR/NHS). Available from: http://www.njrreports.
org.uk/. Accessed 29 June 2019.
Prodinger B, Taylor P. Improving quality of care through patient-reported
outcome measures (PROMs): expert interviews using the NHS PROMs
Programme and the Swedish quality registers for knee and hip arthroplasty
as examples. BMC Health Serv Res. 2018; 18(1). Available from: https://doi.
org/10.1186/s12913-018-2898-z. [cited 2019 Mar 21].
Peters RM, van Beers LWAH, van Steenbergen LN, Wolkenfelt J, Ettema HB,
ten Have BLEF, et al. Similar superior patient-reported outcome measures
for anterior and posterolateral approaches after Total hip arthroplasty. J
Arthroplast. 2018;33(6):1786–93.
Amlie E, Havelin LI, Furnes O, Baste V, Nordsletten L, Hovik O, et al. Worse
patient-reported outcome after lateral approach than after anterior and
posterolateral approach in primary hip arthroplasty: a cross-sectional
questionnaire study of 1,476 patients 1–3 years after surgery. Acta Orthop.
2014;85(5):463–9.
Davis ET, Lingard EA, Schemitsch EH, Waddell JP. Effects of socioeconomic
status on patients’ outcome after total knee arthroplasty. Int J Qual Health
Care. 2007;20(1):40–6.
Franklin PD, Miozzari H, Christofilopoulos P, Hoffmeyer P, Ayers DC, Lübbeke
A. Important patient characteristics differ prior to total knee arthroplasty
and total hip arthroplasty between Switzerland and the United States. BMC
Musculoskelet Disord. 2017; 18(1). Available from: https://doi.org/10.1186/
s12891-016-1372-5. [cited 2019 Apr 1].
Ackerman IN, Dieppe PA, March LM, Roos EM, Nilsdotter AK, Brown GC,
et al. Variation in age and physical status prior to total knee and hip
replacement surgery: a comparison of centers in Australia and Europe.
Arthritis Rheum. 2009;61(2):166–73.
Gromov K, Greene ME, Sillesen NH, Troelsen A, Malchau H, Huddleston JI,
et al. Regional differences between US and Europe in radiological
osteoarthritis and self assessed quality of life in patients undergoing Total
hip arthroplasty surgery. J Arthroplast. 2014;29(11):2078–83.
Dieppe P, EUROHIP Study Group, Judge A, Williams S, Ikwueke I, Guenther
K-P, et al. Variations in the pre-operative status of patients coming to
primary hip replacement for osteoarthritis in European orthopaedic centres.
BMC Musculoskelet Disord. 2009; 10(1). Available from: https://doi.org/10.11
86/1471-2474-10-19. [cited 2019 Apr 1].
Organisation for Economic Co-operation and Development (OECD). PatientReported Indicators Survey (PaRIS). 2017. Available from: http://www.oecd.
org/health/paris.htm
Report of RIPO. Overall data on hip, knee and shoulder arthroplasty in
Emilia Romagna region (Italy, 2000–2016). Regione Emilia Romagna; 2017.
Available from: https://ripo.cineca.it. [cited 2018 Nov 9]
Stea S, Bordini B, Sudanese A, Toni A. Registration of hip prostheses at
the Rizzoli institute. 11 years’ experience. Acta Ortop Scand Suppl. 2002;
73(305):40–5.
Registro dell’implantologia Protesica Ortopedica (Registry of Orthopaedic
Prosthetic Implants). Available from: https://ripo.cineca.it/.
Savoia E, Fantini MP, Pandolfi P, Dall’Olio L, Collina N. Assessing the
construct validity of the Italian version of the EQ-5D: preliminary results
from a cross-sectional study in North Italy. Health Qual Life Outcomes.
2006;10(4):47.
Torre M, Luzi I, Mirabella F, Del Manso M, Zanoli G, Tucci G, et al.
Cross-cultural adaptation and validation of the Italian version of the hip
disability and osteoarthritis outcome score (HOOS). Health Qual Life
Outcomes. 2018;16(1):115.

Grassi et al. BMC Musculoskeletal Disorders

(2019) 20:374

23. Monticone M. Development of the Italian version of the knee injury
and osteoarthritis outcome score for patients with knee injuries: crosscultural adaptation, dimensionality, reliability, and validity. Osteoarthr
Cartil. 2012;20(4):330–5.
24. Padua R. Italian version of ASES questionnaire for shoulder assessment:
cross-cultural adaptation and validation. Musculoskelet Surg. 2010;
94(Suppl 1(S)):85–90.
25. Kodraliu G, Mosconi P, Groth N, Carmosino G, Perilli A, Gianicolo E.
Subjective health status assessment: evaluation of the Italian version of the
SF-12 health survey. Results from the MiOS project. J Epidemiol Biostat.
2001;6:305–16.
26. Feng Y, Herdman M, van Nooten F, Cleeland C, Parkin D, Ikeda S, et al. An
exploration of differences between Japan and two European countries in
the self-reporting and valuation of pain and discomfort on the EQ-5D. Qual
Life Res. 2017;26(8):2067–78.
27. Klässbo M, Larsson E, Mannevik E. Hip disability and osteoarthritis outcome
score. An extension of the Western Ontario and McMaster universities
osteoarthritis index. Scand J Rheumatol. 2003;32:46–51.
28. Nilsdotter AK, Lohmander LS, Klässbo M, Roos EM. Hip disability and
osteoarthritis outcome score (HOOS) – validity and responsiveness in total
hip replacement. BMC Musculoskelet Disord. 2003; 4(1). Available from:
https://doi.org/10.1186/1471-2474-4-10. [cited 2019 Mar 21].
29. Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD. Knee injury and
osteoarthritis outcome score (KOOS)—development of a self-administered
outcome measure. J Orthop Sports Phys Ther. 1998;28(2):88–96.
30. Comitato Etico Area vasta Emilia Centro. Available from: https://www.aosp.
bo.it/content/comitato-etico. Accessed 29 June 2019.
31. Lingard EA, Katz JN, Wright EA, Sledge CB. Kinemax outcomes group.
Predicting the outcome of total knee arthroplasty. J Bone Joint Surg Am.
2004;86-A(10):2179–86.

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

Page 8 of 8

