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Objective: To update and expand upon prior Osteoarthritis Research Society International (OARSI)
guidelines by developing patient-focused treatment recommendations for individuals with Knee, Hip,
and Polyarticular osteoarthritis (OA) that are derived from expert consensus and based on objective
review of high-quality meta-analytic data.
Methods: We sought evidence for 60 unique interventions. A systematic search of all relevant databases
was conducted from inception through July 2018. After abstract and full-text screening by two inde-
pendent reviewers, eligible studies were matched to PICO questions. Data were extracted and meta-
analyses were conducted using RevMan software. Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) Evidence Profiles were compiled using the GRADEpro web application.
Voting for Core Treatments took place first. Four subsequent voting sessions took place via anonymous
online survey, during which Panel members were tasked with voting to produce recommendations for all
joint locations and comorbidity classes. We designated non-Core treatments to Level 1A, 1B, 2, 3, 4A, 4B,
or 5, based on the percentage of votes in favor, in addition to the strength of the recommendation.
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Results: Core Treatments for Knee OA included arthritis education and structured land-based exercise
programs with or without dietary weight management. Core Treatments for Hip and Polyarticular OA
included arthritis education and structured land-based exercise programs. Topical non-steroidal anti-in-
flammatory drugs (NSAIDs) were strongly recommended for individuals with Knee OA (Level 1A). For
individuals with gastrointestinal comorbidities, COX-2 inhibitors were Level 1B and NSAIDs with proton
pump inhibitors Level 2. For individuals with cardiovascular comorbidities or frailty, use of any oral NSAID
was not recommended. Intra-articular (IA) corticosteroids, IA hyaluronic acid, and aquatic exercise were
Level 1B/Level 2 treatments for Knee OA, dependent upon comorbidity status, but were not recommended
for individuals with Hip or Polyarticular OA. The use of Acetaminophen/Paracetamol (APAP) was condi-
tionally not recommended (Level 4A and 4B), and the use of oral and transdermal opioids was strongly not
recommended (Level 5). A treatment algorithmwas constructed in order to guide clinical decision-making
for a variety of patient profiles, using recommended treatments as input for each decision node.
Conclusion: These guidelines offer comprehensive and patient-centered treatment profiles for in-
dividuals with Knee, Hip, and Polyarticular OA. The treatment algorithm will facilitate individualized
treatment decisions regarding the management of OA.

© 2019 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
Introduction

Knee and hip osteoarthritis (OA) rank highly among global
causes of disability and chronic pain1. OA is also responsible for
substantial health and societal costs, both directly and as a conse-
quence of impaired work productivity and early retirement2e6.
Treatment Guidelines derived from expert synthesis of systematic
appraisal of existing evidence have an important role in promul-
gating effective treatment approaches and advocating for access of
patients to appropriate remedies.

Hereweupdate andexpandpriorOsteoarthritis Research Society
International (OARSI) Guidelines to address non-surgical manage-
ment of Knee, Hip and Polyarticular OA7,8. In addition, we provide
guidance for four subgroups representative of clinically relevant
comorbidity heuristics that are common in people with OA and
confound its treatmente (1) gastrointestinal (GI) comorbidities, (2)
cardiovascular (CV) comorbidities, (3) frailty, and (4) widespread
pain and/or depression. To enhance the generalizability and utility
of the guidelines, we developed a conceptual treatment pathway
that accommodates a range of patient profiles and disease stages.

Methods

We developed these guidelines following the process described
by the Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) methodology (available at www.
gradeworkinggroup.com), which was adapted for the current
project as described below 9. Conflicts of interest and disclosures
were determined and managed according to OARSI Ethics Com-
mittee policies.

Teams involved (see Appendix for a list of panel and team members)

A Core Expert Panel (six members) led by a chair (TM) consisted
of content and methodological experts; they supervised the project
and were responsible for defining the project scope, crafting the
clinical questions, coordinating with the Literature Review Team,
providing feedback on the evidence report, and drafting the
manuscript based on voting by a panel (described below). A Liter-
ature Review Team led by a chair (RB) consisted of methodological
experts in evidence based medicine, meta-analysis, and Guideline
Development process including GRADE; they performed the liter-
ature review, graded the quality of evidence, developed the sum-
mary of findings tables, produced an evidence report and drafted
the manuscript. The chair of the Core Expert Panel (TM) and the
chair of the Literature Review Team (RB) both participated in and
engaged in oversight of the respective activities of both teams in
order to ensure ease of information transfer and pragmatic logistic
planning. A Voting Panel (13 members) was drawn from the fields
of rheumatology, orthopedic surgery, primary care, sports medi-
cine, physical therapy, and pharmacology, embodying the wide
international representation of OARSI. This group was selected for
its diverse expertise and experience in OA management both in
academic medicine and private practice. We recruited a Patient
Panel consisting of three patients/advocates from Europe and the
United States. During a special session convened at the 2018 OARSI
convention, we conveyed our findings to the Patient Panel and
received their commentary on the content and solicited sugges-
tions for relevant additions to the final report. The structure of the
Final Evidence Report was predicated on the guidance we received
from the Patient Panel.

Systematic literature search

The key clinical questions addressed in the guidelines were
determined a priori using the patient/population/problem, inter-
vention, comparison/control, outcome (PICO) format developed by
the Core Expert Panel10. The full list of PICO questions is available in
Supplementary Table 1. The Literature Review Team, in consulta-
tion with the Core Expert Panel, devised and executed a systematic
literature search based on the PICO questions. We searched Med-
line, PubMed, EMBASE, Google Scholar, and the Cochrane Data-
bases from inception through December 2017 (Supplementary
Table 2). We manually searched the reference lists of the most
recent systematic reviews and meta-analyses and reviewed the
supplements of OARSI, American College of Rheumatology (ACR)
and European League Against Rheumatism (EULAR) conference
proceedings that had been published through December 2017. The
systematic search was updated on July 12th, 2018.

Study selection and PICO question matching

We included randomized controlled trials (RCTs), systematic
reviews, and meta-analyses involving adults with symptomatic
knee and/or hip OA that reported on outcomes of interest. Out-
comes of interest and their relative importance were determined
by the Core Expert Panel a priori in accordance with GRADE
methodology (Supplementary Table 3). The same critical and
important outcomes were applicable to each PICO question. We
utilized a web-based screening platform to conduct abstract

http://www.gradeworkinggroup.com
http://www.gradeworkinggroup.com
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screening and full text screening of the references procured from
our literature search (http://rheumatology.tuftsmedicalcenter.org/
CTCIA/). During the abstract screening stage, two independent re-
viewers (EV, MO) scrutinized the title and abstract of each refer-
ence to determine potential eligibility. Abstracts that were included
after the abstract screening stage were deemed eligible for full text
review, during which full manuscripts for each abstract were ob-
tained and examined thoroughly by the same independent re-
viewers (EV, MO). Upon completion of abstract and full text
screening, any discordant responses were resolved by a third
reviewer (RB). The final included references were matched to a
respective PICO question; this document was disseminated to the
Core Expert Panel prior to initiating data extraction. Panel members
were tasked with alerting the Literature Review Team of potential
omissions or inappropriate inclusions.

Data extraction and analysis

Data were extracted using RevMan software (MO)11. We
assessed the quality of evidence at the individual study level using
the Cochrane Risk of Bias tool12. For continuous outcomes stan-
dardized mean differences (SMDs) and 95% Confidence Intervals
(CI) were calculated for each study. To account for clinical and
methodological heterogeneity, we conducted meta-analyses using
random effects models13. We analyzed dichotomous outcomes
using the Mantel-Haenszel method and reported the results as risk
ratios (RRs) with 95% CIs14. Inconsistency was assessed with the I2

statistic; between-trial variance was assessed using Tau
squared15,16. Studies contributing heavily to high levels of incon-
sistency, and/or between-trial variability, were annotated in foot-
notes and brought to the attention of the Core Expert Panel and the
voting panel. All meta-analyses were conducted using RevMan
software11. Data extraction, analyses, and study quality ratingswere
double-checked by a second reviewer for consistency and accuracy
(EV).

We planned a priori sensitivity analyses limiting by study
quality, in which we chose to eliminate “Very Low Quality” RCTs.
The definition of “Very Low Quality” was agreed upon by the
Literature Review Team and the Core Expert Panel a priori and
referred to those RCTs that received �2 High Risk of Bias ratings or
one specific High Risk Rating in the “Other” category in addition to
�2 Unclear Risk ratings or �3 Unclear Risk of Bias ratings in di-
mensions other than the “Other” category using the Cochrane Risk
of Bias tool12. Within the final Evidence Report, sensitivity analyses
limiting by study quality took precedence over the full analysis sets
that included Very Low Quality trials. The Voting Panel was given
full access to both sets of results.

Quality assessment and evidence report formulation

The OARSI updated guidelines should be considered, in context,
as a systematic literature review supporting a GRADE process of
expert evaluation of the evidence base and its quality, and subse-
quent voting and formulating recommendations. Though we sys-
tematically reviewed the literature and performed updated meta-
analyses of relevant outcomes for 97% of the included in-
terventions, we could not provide full-scale meta-analytic reports
for each of these meta-analyses for this manuscript, because it
extends beyond the scope of this manuscript and due to the space
and resource constraints. The Core Expert panel reviewed all rele-
vant materials, including RevMan files and GRADE tables, prior to
the initiation of voting. Voting Panel members were also presented
with all supplementary materials pertaining to the background
analyses of the GRADE Evidence Tables throughout the voting
process, had the opportunity to review the evidence synthesis, as
well as the primary data contributing to each analysis, and form
their own judgments about the credibility of results. Voting Panel
members were given opportunities to discuss and debate the re-
sults of the evidence synthesis and primary data, and to re-vote if
necessary.

These guidelines were constructed according to GRADE meth-
odological standards9. GRADE methodology centers on the objec-
tive assessment of evidence quality and encourages evidence-based
voting. Decision-making that occurred in all stages of guideline
development was transparent and consensus-based, and to further
promote objectivity, formal voting sessions were anonymous. The
quality of evidence was assessed at the outcome level by the
following criteria: summary of study-level risk of bias assessments,
inconsistency between trial results, indirectness of the evidence to
that particular PICO, and imprecision of the effect estimate. We
constructed GRADE Evidence Profiles for each PICO question and
generated Evidence Tables by exporting the results of all analyses
from RevMan into GRADEpro web-based software17. We compiled
GRADE Evidence Profiles both for full analysis sets and for the
sensitivity analyses limited by study quality. Two independent re-
viewers (MO, RB) did GRADE quality assessments; conflicts were
resolved by consensus. We attempted to minimize indirectness by
enforcing strict study inclusion criteria. For example, studies with
mixed knee and hip populations were segregated to “Mixed OA”
tables, and the evidence for “Knee only” and “Hip only” OA
comprised studies with populations consisting solely of partici-
pants with OA of each respective joint location. In recognizing the
potential for small study effects among several intervention classes
of OA treatment, the Panel incorporated downgrades for potential
small study effects in a GRADE quality assessment rubric that was
drafted a priori (Supplementary Table 4). In our ratings of impre-
cision, we penalized trials with extremely small sample size (�30
participants) with two quality downgrades. We also accounted for
deficiencies in sample size by incorporating strict guidelines that
downgraded the quality of evidence either once or twice for
imprecision based on the magnitude of the CI of observed effect
estimates using validated benchmarks. The panel members were
provided with the additional materials describing trial sponsorship
and author affiliations. Further details of our GRADE quality eval-
uation rubric are available in Supplementary Table 4.

In the event that no adequate evidence was found for a given
intervention, evidence quality was designated by default as “Very
Low”. Completed GRADE Evidence Profiles were compiled in a
comprehensive final Evidence Report (available in the Online Data
Supplement).

Formulation of recommendations

Recommendations formulated by GRADE methodology possess
both directionality (“in favor” or “against”) and strength (“strong”
or “conditional”)18. We identified three determinants of the direc-
tion and strength of recommendations, adapted from GRADE
methodology: magnitude of estimates of effect of the interventions
on critical outcomes, confidence in those estimates, and estimates
of typical values and preferences. Since we did not present data on
individuals' values and preferences, we asked that the Voting Panel
members make inferences about values and preferences based on
their experiences with the target population.

Voting and consensus building

Voting on recommendations was carried out online using a
web-based and anonymous survey application (http://www.
surveymonkey.com). We held an initial voting session during
which Voting Panelmembers selected Core Treatments (treatments

http://rheumatology.tuftsmedicalcenter.org/CTCIA/
http://rheumatology.tuftsmedicalcenter.org/CTCIA/
http://www.surveymonkey.com
http://www.surveymonkey.com
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deemed appropriate for use by the majority of patients in nearly
any scenario and deemed safe in conjunction with first line and
second line treatments) from a pre-specified list of candidates;
during this session, Voting Panel members were asked simply to
indicate agreement or disagreement with the inclusion of a
particular treatment in the list of Core Treatments for a given joint
location. Three subsequent voting sessions took place during
which Voting Panel members were asked to select the direction-
ality and strength of their recommendations for the remainder of
the treatments from voting matrices that were stratified by
comorbidities. To facilitate processing of the results and to
accommodate potential lack of consensus, additional voting ses-
sions and supplementary group discussions were planned in
advance.

Interpreting the recommendations

The key to formulating recommendations by GRADE method-
ology is to assess the balance between benefits and harms of a
particular intervention19. Strong recommendations typically
indicate that Voting Panel members feel confident that the ben-
efits of a particular intervention outweigh the harms, or that the
harms outweigh the benefits. Conversely, an intervention may
receive a conditional recommendation if it carries risks that could
potentially outweigh the benefits. Other factors that influence the
direction and strength of recommendations include evidence
quality and the uncertainty in values and preferences. In-
terventions that are supported by high quality evidence are more
likely to receive strong recommendations. A higher degree of
uncertainty in values and preferences is more likely to result in a
conditional recommendation.

Direction and strength of recommendations (Table I)

Core Treatment selections were designated as “strong recom-
mendations in favor” by default. Level designations based on
percentage of votes “in favor” and strength of recommendation
are shown in Table I. The list of “Recommended Treatments”- i.e.,
those reaching Level 1A, 1B, or 2 is shown in Tables IIeIV. The full
percentage gradient of votes “in favor” is displayed alongside the
corresponding strata in Supplementary Tables 5, 6, and 7. In-
terventions that are strongly not recommended for use, and the
rationales behind their designations, are presented in
Supplementary Table 8.

Good Clinical Practice Statements

This term was used to describe statements that are supple-
mentary to treatment recommendations and were made based on
expert experience in the absence of direct, supportive RCT evi-
dence. Good Clinical Practice Statements were developed during
the course of extensive discussion which took place among Core
Expert Panel members and Voting Panel members after the
Table I
Translating voting data into the treatment algorithm

Level % in favor % against % Conditional/strong

Level 1A 75e100 0e25 >50 strong
Level 1B 75e100 0e25 >50 conditional
Level 2 60e74 26e40 conditional by default
Level 3 41e59 41e59 conditional by default
Level 4B 26e40 60e74 conditional by default
Level 4A 0e25 75e100 >50 conditional
Level 5 0e25 75e100 >50 strong Ta
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completion of all voting. All Core Expert Panel members and Voting
Panel members were given the opportunity to review the Good
Clinical Practice Statements, and they were adopted with
consensus of both panels. Good Clinical Practice Statements are
intended to act as qualifiers for existing treatment recommenda-
tions, not to act as stand-alone recommendations.

Results

Systematic literature search (Fig. 1)

Our systematic search returned 12,535 potentially relevant ab-
stracts. Of these,1,190 were eligible for full text review, and 407 RCT
reports contained extractable data on outcomes of interest and
were included in our Final Evidence Report.

Algorithm of non-surgical treatment pathway for knee, hip, and
polyarticular osteoarthritis (Fig. 2)

The algorithm was designed as a patient-centered guide to
clinical practice by incorporating typical assessment cycles and
treatment selections that accommodate different comorbidity
profiles. The initial assessment predicates the structure of the
subsequent treatment pathway for an individual patient based on
joint localization (item 1) and clinically relevant comorbidities
(item 2) and establishes goals and expectations. Items 3 and 4
concern clinical, emotional, and environmental factors that influ-
ence the intensity of the treatment and the individual's capacity to
adhere to treatment. Factors assessed at the initial visit can be
monitored for change at follow-up assessments. During the initial
assessment, clinicians select Core Treatment(s) tailored to indi-
vidual needs and preferences. However, depending on an in-
dividual's current clinical status and preferences, Level 1A (strong
recommendation) or 1B treatments (conditional recommendation)
can be added. Tables IIeIV display treatment recommendations for
Knee, Hip, and Polyarticular OA, with stratification for comorbidity
groups.

In selecting an initial treatment option, clinicians are advised to
choose a treatment from the “Level 1A” strata of the treatment
selection tables. In circumstances where no treatments have been
strongly recommended, clinicians are advised to select an appro-
priate non-pharmacologic or pharmacologic treatment from the
“Level 1B” strata. Good clinical practice statements were intended
to provide supportive information on specific intervention types
based on expert experience and are applicable throughout the
course of the regimen, as appropriate. Re-assessments present an
opportunity to assess treatment response and explore barriers to
adherence and/or adjust the intervention dosage. Individuals who
do not achieve an acceptable state despite using recommended
treatments will need additional support and advice, or referral to a
specialized multidisciplinary pain clinic or surgical intervention.

Recommendations for knee osteoarthritis (Table II)

Core Treatments (treatments deemed appropriate for use by the
majority of patients in nearly any scenario and deemed safe for use
in conjunction with first line and second line treatments)

Structured land-based exercise programs, dietary weight man-
agement in combination with exercise, and mind-body exercise
(such as Tai Chi and Yoga) were considered by the panel to be
effective and safe for all patients with Knee OA, regardless of co-
morbidity. These treatments are recommended for use alone or
along with interventions of any recommendation level, as deemed
appropriate for the individual. Education about OA is considered a
standard of care, despite a lack of RCT data addressing the topic.
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Clinicians are encouraged to continually provide their patients with
necessary information about OA disease progression and self-care
techniques and to promote hope, optimism, and a positive expec-
tation of benefit from treatment.

Level 1A recommendations (�75% in favor & >50% strong
recommendation)

Topical non-steroidal anti-inflammatory drugs (NSAIDs) were
strongly recommended for use in Knee OA patients with no
comorbidities. High quality evidence involving a large number of
patients showed modest benefits over the course of 12 weeks. The
adverse events from topical NSAIDs were minimal and mild. The
most common adverse events associated with topical NSAIDs were
local skin reactions, which were minor and transient. Topical
NSAIDs were also strongly recommended for Knee OA patients with
GI or CV comorbidities and for patients with frailty for the same
reasons as described above.

No interventions were strongly recommended for use for in-
dividuals with Knee OA with concomitant widespread pain disor-
ders (e.g., fibromyalgia) and/or depression.

Level 1B (�75% in favor & >50% conditional recommendation) and
level 2 (60e74% in favor) recommendations

Aquatic exercise, gait aids, cognitive behavioral therapy with an
exercise component, and self-management programs were the
recommended non-pharmacologic options for individuals with
Knee OA and no comorbidities, and for individuals with GI or CV
comorbidities or with widespread pain disorders and/or depres-
sion. Aquatic exercise, though it is supported by a modest evidence
base and demonstrates robust benefits on pain and objective
measures of function, received a conditional recommendation
because of accessibility issues, financial burden, as well as issues
with uptake. Aquatic exercise was not recommended for patients
who suffered from frailty due to potential risk of accidental injury.

Use of Oral NSAIDs was conditionally recommended for in-
dividuals with Knee OA who do not have comorbid conditions. The
Panel recommends the use of non-selective NSAIDs, preferably
with the addition of a proton pump inhibitor (PPI), or selective COX-
2 inhibitors. For individuals with GI comorbidities, selective COX-2
inhibitors and non-selective NSAIDs in combination with a PPI
were conditionally recommended due to their benefits on pain and
functional outcomes, but more importantly, because they have a
more favorable upper GI safety profile than non-selective NSAIDs.
NSAIDs of any class were not recommended for patients with CV
comorbidities due to evidence associating NSAID use with height-
ened CV risk20e23. NSAIDs were not recommended in patients with
frailty. However, a Good Clinical Practice Statement was made
specifying that when NSAIDs are chosen for treatment of at-risk
patients (including patients with frailty) those with more favor-
able safety profiles may be used at the lowest possible dose, for the
shortest possible treatment duration.

The use of intra-articular corticosteroids (IACS) and hyaluronan
(IAHA) were conditionally recommended in individuals with knee
OA in all groups. AGood Clinical Practice Statement applying to intra-
articular (IA) treatments for all comorbidity subgroups was added,
noting that intra-articular corticosteroid (IACS) may provide short
term pain relief, whereas Intra-articular hyaluronic acid (IAHA)
may have beneficial effects on pain at and beyond 12 weeks of
treatment and a more favorable long-term safety profile than
repeated IACS.

Conditionally recommended treatments for patients with
widespread pain and/or depression included oral NSAIDs of any
category, duloxetine, IACS, IAHA and topical NSAIDs. Use of
duloxetine was supported by moderate quality evidence in a large
number of patients and was specifically recommended for this



Fig. 1. Flowchart of the trial selection process.
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comorbidity class due to its specific effects on depressive symp-
toms. With regard to the use of topical NSAIDs in patients with
widespread pain, the Voting Panel members explicitly noted that
the number of joints being treated, as well as the concomitant use
of any oral NSAID, should be carefully monitored in this population
due to potential risk of exceeding total recommended doses of a
NSAID. The following Good Clinical Practice Statementwas made for
patients with Knee OA and widespread pain and/or depression:
based on a clinical assessment, referral to a multidisciplinary
chronic/widespread pain management program may be appro-
priate for the best management of their symptoms.
Recommendations for hip osteoarthritis (Table III)

Core Treatments (treatments deemed appropriate for use by the
majority of patients in nearly any scenario and deemed safe for use
in conjunction with first line and second line treatments)

For patients with Hip OA, only structured land-based exercise
programs were considered eligible for Core Treatment designation.
Arthritis education was, again, considered a standard of care.
Level 1A recommendations (�75% in favor & >50% strong
recommendation)

No treatment was strongly recommended for use in Hip OA
patients of any comorbidity subgroup. This could partially be due to
a lack of direct evidence in support of treatments for Hip OA.
Level 1B (�75% in favor & >50% conditional recommendation) and
level 2 (60e74% in favor) recommendations

Despite a lack of direct evidence, mind-body exercise (Tai Chi or
Yoga) was conditionally recommended for Hip OA patients in all
comorbidity subgroups because its favorable efficacy and safety
profile in patients with Knee OA was considered generalizable to
Hip OA. Self-management programs were also conditionally rec-
ommended for patients in all comorbidity subgroups; use of these
programs resulted in a modest benefit on quality of life in one RCT
conducted in individuals with Hip OA. Cognitive behavioral therapy
was only recommended for patients with widespread pain and/or
depression. The use of gait aids was recommended in patients from
each comorbidity subgroup, with the exception of patients with
widespread pain and/or depression. Dietary weight management
was not recommended for Hip OA individuals of any comorbidity
subgroup because of lack of direct evidence for its effectiveness
specifically for symptoms of Hip OA. A Good Clinical Practice State-
ment was made that dietary weight management may be recom-
mended for certain individuals (e.g., individuals presenting with
body mass index�30 kg/m2) of any comorbidity subgroup as a part
of a healthy lifestyle regimen.

Use of oral NSAIDs was conditionally recommended for Hip OA
patients without comorbidities and for patients with widespread
pain and/or depression. In both treatment profiles, non-selective
NSAIDs preferably with the addition of a PPI, and selective COX-2
inhibitors were conditionally recommended. For patients with GI
comorbidities, the use of oral NSAIDs was restricted to selective



Fig. 2. Treatment algorithm.

R.R. Bannuru et al. / Osteoarthritis and Cartilage 27 (2019) 1578e1589 1585
COX-2 inhibitors or non-selective NSAIDs in combination with a
PPI. Though no pharmacologic treatment option was conditionally
recommended for Hip OA patients with comorbid CV conditions or
frailty, a Good Clinical Practice Statement was made specifying that
NSAIDs with more favorable safety profiles may be used in high-
risk patients (including patients with frailty) at the lowest
possible dose, for the shortest possible treatment duration, for
symptomatic relief.

The following Good Clinical Practice Statement was made for
patients with Hip OA and widespread pain and/or depression:
based on a clinical assessment, referral to a multidisciplinary
chronic/widespread pain management program may be appro-
priate for the best management of their symptoms.

Recommendations for polyarticular osteoarthritis (Table IV)

Core Treatments (treatments deemed appropriate for use by the
majority of patients in nearly any scenario and deemed safe for use
in conjunction with first line and second line treatments)

Structured land-based exercise programs were designated as
Core Treatments for patients with Polyarticular OA, with arthritis
education as a standard of care.

Level 1A recommendations (�75% in favor & >50% strong
recommendation)

No treatment was strongly recommended for use in patients of
any comorbidity subgroup with Polyarticular OA.

Level 1B (�75% in favor & >50% conditional recommendation) and
level 2 (60e74% in favor) recommendations

Gait aids and mind-body exercise were conditionally recom-
mended for patients with Polyarticular OA of any comorbidity
subgroup even in the absence of direct evidence, due to their
favorable efficacy and safety profiles in individuals with Knee OA.
Self-management programs were also conditionally recommended
for patients in all comorbidity subgroups. Dietary weight man-
agement, with or without an exercise component, was condition-
ally recommended for individuals with Polyarticular OA with no
comorbid conditions, with GI or CV conditions, and with wide-
spread pain and/or depression. Dietary weight management was
not recommended for individuals with frailty due to potential risks
associated with weight loss in these conditions. Cognitive behav-
ioral therapy was recommended for individuals with widespread
pain and/or depression.

Non-selective NSAIDs, preferably with the addition of a PPI, and
selective COX-2 inhibitors were conditionally recommended for
individuals with Polyarticular OA without comorbidities and for
individuals with widespread pain and/or depression. For in-
dividuals with GI comorbidities, the use of oral NSAIDs was
restricted to selective COX-2 inhibitors or non-selective NSAIDs in
combination with a PPI. Though oral NSAIDs overall were not rec-
ommended for individuals with Polyarticular OA with cardiovas-
cular conditions or frailty, the following Good Clinical Practice
Statement was made: NSAIDs with more favorable safety profiles
may be used in high-risk patients (including patients with frailty) at
the lowest possible dose, for the shortest possible treatment
duration, for symptomatic relief.

Though locally administered interventions such as IACS and
IAHA are generally not indicated for Polyarticular OA, topical
NSAIDs were conditionally recommended for individuals without
comorbidities, with GI and CV comorbidities, and with frailty. For
individuals with Polyarticular OA, the number of joints being
treated, as well as the concomitant use of any oral NSAID, should be
carefully monitored by the treating physician to avoid the potential
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risk of exceeding total recommended doses of NSAIDs. Topical
NSAIDs were not recommended for patients with Polyarticular OA
and comorbid widespread pain disorders and/or depression.

The following Good Clinical Practice Statement was made for
individuals with Polyarticular OA and widespread pain and/or
depression: based on a clinical assessment, referral to a multidis-
ciplinary chronic/widespread pain management program may be
appropriate for the best management of symptoms.

Non-recommended treatments for knee, hip, and polyarticular OA

We recommend against using any interventions graded as Level
3, Level 4A, or Level 4B (Supplementary Tables 5, 6, and 7). Level 5
interventions were strongly recommended against, indicating that
there are no clinical scenarios in which these treatments would be
deemed appropriate for individuals with OA. Level 5 interventions
and the rationale behind their designation are shown in
Supplementary Table 8.

Discussion

These updated OARSI guidelines have taken a more patient-
centered approach than earlier versions by allowing recommen-
dations to be predicated on the distribution of osteoarthritis and
various comorbidity profiles. The Core Treatments recommended
are, in all cases, non-pharmacological. Our focus on specific
comorbidities resulted in treatment recommendations that were
highly influenced by concerns from the Voting Panel about safety
and potential harms. In interpreting the comorbidity-specific rec-
ommendations, however, it is important to note that the comor-
bidity subgroups are conceptual representations of real-world
conditions only, and that the exact conditions and characteristics
qualifying for membership in each subgroup have not been spe-
cifically delineated. The subgroups were intended to remain
broadly representative so as to not limit the interpretation of the
recommendations by exclusion. Additionally, it is important to note
that in real-world clinical practice, many individuals may fall into
more than one comorbidity subgroup during the course of their
treatment pathway, or may experience more than one type of co-
morbidity concurrently.

Of the non-Core interventions, topical NSAIDs were recom-
mended more strongly than all oral analgesics due to a favorable
balance of consistent efficacy and minor, transient side effects. A
typical total NSAID dose from topical application to one joint is
substantially less than the recommended oral dose of the same
drug24. Conversely, APAP (acetaminophen/paracetamol), which
has long been regarded as a mainstay of OA treatment, was not
recommended by the majority of the Voting Panel for any OA
phenotype or comorbidity subgroup. The evidence summarized
in our updated meta-analysis suggests that it has little to no
efficacy in individuals with OA, with a signal for possible hepa-
totoxicity. Additionally, the Panel strongly recommended against
the use of either oral or transdermal opioids in individuals with
OA, largely in response to recent international concerns about
the devastating potential for chemical dependency posed by
opioid medications25e30. Further support for this recommenda-
tion against opioids is provided by the strong evidence for
limited or no relevant benefit of opioids on OA symptoms31e33.
The recommendations for topicals, opioids, and APAP are
different than those made in the prior Guidelines, although
emerging concerns about both opioids and APAP were evident
even at that time.

In a development from previous guidelines, the consideration of
comorbidity subgroups led to the addition of details related to
recommendations for oral NSAIDs. In the current guidelines, we
planned additional head-to-head analyses a priori to assess the
comparative efficacy and safety of non-selective NSAIDs vs COX-2
inhibitors; additionally, recommendations for oral NSAIDs
included voting specific to the presence of GI or CV comorbidities,
with the goal of gaining a deeper insight on the specific scenarios in
which NSAIDs are appropriate. COX-2 inhibitors were strongly not
recommended in individuals with CV comorbidities. Some recent
evidence has suggested that CV risks of NSAIDs may apply to all
NSAID categories; however, definitive conclusions about the CV
risks of other NSAIDs cannot be made given the current body of
evidence20,21,23,34. The use of non-selective NSAIDs was not rec-
ommended in individuals with GI comorbidities. The recommen-
dations made by our Voting Panel were in agreement with the
conclusions of the most recent RCT and meta-analytic data
assessing the safety of NSAIDs35,36. Some recent studies have
assessed the comparative safety and efficacy of specific NSAID types
and doses, but such an undertaking was beyond the scope of this
guideline21,23,35,37.

For the first time, mind-body exercises (Tai Chi and Yoga) are
recommended as Core Treatment options for individuals with knee
OA, highlighting the importance of the holistic wellbeing of the
individuals. Panel members also made the difficult decision to
transfer treatments, such as aquatic exercise and gait aids, from
being Core Treatments to conditionally positive recommendations,
since in their own experiences, they do not strongly align with
people's values and preferences.

Other treatments for which the status of recommendations has
changed in these guidelines include duloxetine, bracing of the knee,
and topical capsaicin. Previously, duloxetine was considered an
“appropriate” treatment for individuals with knee OA ormulti-joint
OA without comorbidities and for individuals with multi-joint OA
with comorbidities. In the current guidelines, duloxetine was only
recommended as a Level 2 treatment for knee OA patients with
depression and/or widespread pain disorders. Its status was
equivocal (40e59% in favor) for individuals with knee OA without
comorbidities and with frailty; it was conditionally not recom-
mended for patients with GI or CV comorbidities since it demon-
strated higher rates of GI adverse events in a large sample of
patients. Duloxetine was not recommended for patients with hip or
polyarticular OA due to the lack of evidence. Topical capsaicin and
bracing of the knee (described as a biomechanical intervention in
the previous guidelines) were recommended against in the current
guidelines due to inadequate efficacy and safety balance, stemming
from very poor quality evidence.

With regard to the treatment of Hip OA overall, there was a
general trend against the use of pharmacologic treatments among
our Voting Panel, partially due to the fact that very few hip-specific
RCTs have been published. The most highly recommended treat-
ments for patients with this phenotype were non-pharmacologic
interventions. These may be the preferred choice over the longer-
term use of pharmacologic treatments that may have a poor side
effect profile and a less robust efficacy profile than that demon-
strated in Knee OA.

Our guidelines expanded upon previous reports by including
several interventions that were previously not assessed, including
massage, mobilization and manipulation, thermotherapy, taping
interventions, electromagnetic therapies, laser therapy, nerve block
therapy (including radiofrequency ablation), intra-articular (IA)
platelet rich plasma (PRP), IA stem cell therapy, dextrose prolo-
therapy, several investigational Disease Modifying OA Drugs
(DMOADs) (including methotrexate), and a wider range of nutra-
ceutical products. IA stem cell therapy and IA PRP, in particular,
were strongly recommended against because the evidence in
support of these treatments is of extremely low quality, and the
formulations themselves have not yet been standardized. Future
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investigation is needed to fully evaluate the appropriateness of
these treatments in OA.

We also investigated the efficacy of FX006, a newly U.S. Food
and Drug Administration-approved long-acting extended-release
corticosteroid for IA use, against placebo and against conven-
tional IACS. Separate recommendations were not made regarding
the use of FX006 for knee OA, because further RCT evidence eval-
uating the comparative efficacy and safety of FX006 will be needed
to distinguish recommendations for this intervention from those
currently in place for traditional IACS.

Though they do not a currently have regulatory approval, we
analyzed published data on anti-nerve growth factor (anti-NGF)
treatments for OA and included the evidence tables in the formal
voting session. Anti-NGFs showed benefits on pain and functional
outcomes in patients with knee and hip OA; they were, however,
associated with a higher rate of specific adverse events, such as
parasthesia. A recent retrospective investigation also highlighted
an association of anti-NGFs with a rapid progression of joint
destruction, particularly when administered with NSAIDs38.
Further investigation and review of the body of evidence related to
these drugs should be undertaken if they are approved for use in
OA.

As these guidelines are intended for an International constitu-
ency, we assembled an international panel of experts with a variety
of professional backgrounds, including general practice, orthopedic
surgery, rheumatology, sports medicine, and physiotherapy. The
selection of this diverse multidisciplinary Panel was deliberatewith
the aim of producing guidelines that would be relevant to a number
of clinical scenarios and representative in an international context.
However, we are conscious that our panel did not include experts
from Africa, South America, or India. A wider geographical repre-
sentation would be desirable for any future revision.

A more rigorous GRADE methodology was adopted for these
guidelines in that they tied evidence quality to the strength of final
recommendations. This facilitates a more objective process that
accurately reflects the state of the available data. We modified the
GRADE approach in some ways to suit the process of these guide-
lines and to accommodate the body of evidence for OA. First, we
drafted a quality assessment rubric a priori to set objective stan-
dards for each dimension of quality addressed by GRADE, including
detailed percentage cutoffs for “serious” vs “very serious” risk of
bias and inconsistency, and specific cut-points for “serious” vs “very
serious” imprecision in SMDs using validated SMD intervals39.
Doing this not only ensured consistency across the report, but also
increased ease of interpretation. We categorized the resultant
recommendations by levels that expressed a gradient of votes “in
favor” and “against” a given treatment. In doing this, we have
preserved the initial judgments of the Voting Panel of the evidence
base and, in certain circumstances, have portrayed the ambiguity
that practicing clinicians may encounter in selecting a particular
treatment. Recommendations formulated by the GRADE approach
possess both directionality and strength, allowing for a more
nuanced interpretationwhen necessary. In the previous guidelines,
treatments were designated as either “Appropriate”, “Uncertain”,
or “Inappropriate”. In the current guidelines, treatments have
received “strong” or “conditional” recommendations in favor or
against. In addition, we have reported the full “gradient” of per-
centages in favor and against within the data supplement. The
intended result of this heightened detail is to encourage the prac-
tice of evidence-based medicine in OA care.

In contrast to previous OARSI guidelines, we have conducted
meta-analyses and quality assessments for each treatment and
have provided evidence from all eligible studies along with the
sensitivity analyses limiting by study quality. Additionally, the list
of therapeutics eligible for consideration in the evidence report was
not constrained as in the previous effort. We also went into further
detail on certain treatments for which the evidence base in the
previous report was limited, such as balneotherapy, biomechanical
interventions, and bisphosphonates.

An additional aspect of these guidelines is the creation of a
treatment algorithm, which offers more structured guidance to
clinicians by allowing them to personalize the treatment pathways
based on an individual patient profile on a long-term and ongoing
basis. Ultimately, the treatment pathway has the potential to serve
as the blueprint for a personalized, web-based or mobile applica-
tion that would increase the visibility and accessibility of these
guidelines to those who stand to benefit the most from its
recommendations.

The main limitation of these guidelines was that the voting for a
majority of the recommendations was based on indirect evidence
combined with expert opinion. The reason for this is because there
are few direct RCT data assessing the efficacy of OA interventions in
patients with GI or CV comorbidities, frailty, or widespread pain
and/or depression. Additionally, there is a lack of RCT evidence
directly assessing the interventions of interest in patients with
Polyarticular OA. It is also important to note that these guidelines
do not provide specific guidance on hand, shoulder, or spine OA.
The Panel recommends generating a larger body of RCT evidence in
these areas to allow formore robust guideline development specific
to these individuals.

Though the use of GRADE methodology was a strength of these
guidelines, it also introduced some limitations in the interpretation
of the evidence. Since evidence quality is downgraded not only
based on risk of bias, but also the preciseness of the estimates, and
homogeneity of the samples, many interventions were judged to
have a low quality body of evidence for reasons that were related to
small sample size or other methodological factors. Conversely, we
were limited in our ability to address some of the biases common in
the evidence body for OA, particularly publication bias and small
study effects. Even after developing a priori and applying a
comprehensive set of objective measures to deal with multiple
biases and deficiencies that are prevalent in the OA evidence base,
we may not have accounted for all of these biases to the fullest
extent. With the growing evidence base and addition of larger
studies of higher quality, we hope quality measures can be rede-
fined in a more stringent manner to reduce all these biases in the
future guidelines. Finally, for logistical reasons, we were limited in
the number of Voting Panel members we could select and the
number of formal voting sessions we could hold. These recom-
mendations are not intended to support payment or insurance
decisions and should not be used for denial of treatments to
patients.

In conclusion, the 2019 OARSI guidelines for Knee, Hip and
Polyarticular OA are comprehensive and more patient-centered,
and provide a useful tool for individuals and physicians to facili-
tate individualized treatment decisions regarding the management
of OA. We ensured that our guidelines development process was
transparent and systematic by using GRADE methodology and
well-defined group-consensus technique.
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