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Preface

The Agency for Healthcare Research and Quality (AHRQ) conducts the Effective Health
Care Program as part of its mission to organize knowledge and make it available to inform
decisions about health care. As part of the Medicare Prescription Drug, Improvement, and
Modernization Act of 2003, Congress directed AHRQ to conduct and support research on the
comparative outcomes, clinical effectiveness, and appropriateness of pharmaceuticals, devices,
and health care services to meet the needs of Medicare, Medicaid, and the Children’s Health
Insurance Program (CHIP).

AHRQ has an established network of Evidence-based Practice Centers (EPCs) that produce
Evidence Reports/Technology Assessments to assist public- and private-sector organizations in
their efforts to improve the quality of health care. The EPCs now lend their expertise to the
Effective Health Care Program by conducting comparative effectiveness reviews (CERS) of
medications, devices, and other relevant interventions, including strategies for how these items
and services can best be organized, managed, and delivered.

Systematic reviews are the building blocks underlying evidence-based practice; they focus
attention on the strength and limits of evidence from research studies about the effectiveness and
safety of a clinical intervention. In the context of developing recommendations for practice,
systematic reviews are useful because they define the strengths and limits of the evidence,
clarifying whether assertions about the value of the intervention are based on strong evidence
from clinical studies. For more information about systematic reviews, see
www.effectivehealthcare.ahrg.gov/reference/purpose.cfm.

AHRQ expects that CERs will be helpful to health plans, providers, purchasers, government
programs, and the health care system as a whole. In addition, AHRQ is committed to presenting
information in different formats so that consumers who make decisions about their own and their
family’s health can benefit from the evidence.

Transparency and stakeholder input are essential to the Effective Health Care Program.
Please visit the Web site (www.effectivehealthcare.ahrg.gov) to see draft research questions and
reports or to join an email list to learn about new program products and opportunities for input.
Comparative Effectiveness Reviews will be updated regularly.

We welcome comments on this CER. They may be sent by mail to the Task Order Officer
named below at: Agency for Healthcare Research and Quality, 540 Gaither Road, Rockville, MD
20850, or by email to epc@ahrg.hhs.gov.

Carolyn M. Clancy, M.D. Jean Slutsky, P.A., M.S.P.H.

Director Director, Center for Outcomes and Evidence
Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality
Stephanie Chang M.D., M.P.H. Suchitra lyer, Ph.D.

Director, EPC Program Task Order Officer

Center for Outcomes and Evidence Center for Outcomes and Evidence

Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality
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Physical Therapy Interventions for Knee Pain
Secondary to Osteoarthritis

Structured Abstract

Objectives. To assess the association between intermediate and patient-centered outcomes and
harms with physical therapy interventions in community-dwelling adults with chronic knee pain
secondary to osteoarthritis and to examine validity and minimum clinically important differences
of the tools for outcome measurement.

Data sources. We searched major electronic bibliographic databases including MEDLINE, the
Cochrane Library, the Physiotherapy Evidence Database, and Allied and Complementary
Medicine and trial registries up to February 29, 2012.

Review methods. We performed a systematic review of randomized and nonrandomized studies
published in English to synthesize rates or means of measured pain, function, and quality of life
with physical therapy interventions. Observational studies provided evidence of the association
between changes in knee joint functional tests and patient-centered outcomes and minimum
clinically important differences in validated tools for outcome measures. We performed meta-
analyses of standardized mean differences using random effects models to synthesize the
evidence.

Results. Of 4,266 retrieved references, 154 eligible references examined the association between
patient-centered and intermediate outcomes and 422 eligible references examined physical
therapy interventions. Of these, 193 randomized controlled trials (RCTs) reported on knee pain,
disability, quality of life, and functional outcomes after physical therapy interventions. Pooling
criteria were met by 84 RCTs that provided evidence for 12 physical therapy interventions on
pain (n = 58), physical function (n = 36), and disability (n = 29). Most studies reported physical
therapy effects at followups of 3 months or less. Evidence on longer-term physical therapy
effects was available for seven intervention-outcome pairs. Meta-analyses at the longest time of
followup provided low-strength evidence that aerobic (n = 11) and aquatic exercise (n = 3)
improved disability; aerobic exercise (n = 19), strengthening exercise (n = 17), and ultrasound (n
= 6) reduced pain and improved function. Six of 11 individual RCTs demonstrated clinically
important improvements in pain and disability with aerobic exercise. Pain relief was consistent in
RCTs that reported physical therapist supervision of aerobic exercise. Diathermy, orthotics, and
magnetic stimulation demonstrated no benefit. Limited direct comparative effectiveness evidence
demonstrated similar benefits in disability measures with aerobic, aquatic, and strengthening
exercise. Evidence from individual RCTs did not permit robust conclusions about which physical
therapy interventions are most effective or whether differences in effect could be attributed to
patient characteristics. Patients with high compliance to exercise tended to have better treatment
responses. We found no association between the duration of examined interventions and better
intermediate or patient-centered outcomes. Adverse events were uncommon and not severe
enough to deter participants from continuing treatment. Gait, mobility restrictions, muscle
strength, and range-of-motion measures were associated with disability measures in individual
studies. Minimum clinically important differences in scales were determined for 26 tools but
have not been used in RCTs to examine the clinical importance of improvements. The definition



of the Patient Acceptable Symptom State that accounts for patient satisfaction was available for
the Western Ontario McMaster Universities Osteoarthritis Index, the Visual Analog Scale for
Pain, and the Patient Global Assessment Scale.

Conclusions. Low-strength evidence suggested that core physical therapy interventions,
including aerobic, aquatic, strengthening, and proprioception exercise, improved patient
outcomes. Risk of bias in studies and heterogeneity in populations and physical therapy
interventions downgraded the strength of evidence to low or moderate in most cases. Studies
focused on a single modality of physical therapy rather than the combinations typically used in
practice. Benefits with physical therapy interventions were not consistently evaluated according
to the clinical importance of improvement in scales and tests. Adverse events were uncommon
and not severe enough to deter participants from continuing treatment. Evidence about long-term
adherence to and benefits of available physical therapy interventions is lacking.

Vi
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Executive Summary

Background

Osteoarthritis (OA), the most common form of arthritis,” is a progressive joint disorder
characterized by gradual loss of cartilage.? Osteoarthritis of the knee afflicts 28 percent of adults
over age 45° and 37 percent of adults over age 65 in the United States.* As a leading cause of
disability among noninstitutionalized adults,* OA’s prevalence, effect on health, and economic
consequences are expected to increase dramatically during the next few decades as the
population ages.’

OA treatments aim to reduce or control pain, improve physical function, prevent disability,
and enhance quality of life.® Conservative treatment options include pain relievers, anti-
inflammatory drugs, weight loss, general physical exercise, and physical therapy.”® Optimal OA
management combines pharmacologic treatments with physical therapy interventions’° and,
when conservative treatments fail, surgery.” ® Surgical treatments for knee OA include
realignment osteotomy and knee replacements.** In the United States, about 556,400 knee
replacement surgeries are performed annually.** By 2030, that number is projected to increase by
600 percent.'?

Comprehensive, up-to-date guidelines are available from the Osteoarthritis Research Society
International (OARSI), the American Academy of Orthopedic Surgeons, and the National
Institute for Health and Clinical Excellence. These guidelines recommend exercise (including
local muscle strengthening and general aerobic fitness) as a core treatment for symptomatic
osteoarthritis, regardless of patient age, comorbidity, pain severity, or disability.”
Effectiveness has not been clearly established for other nonpharmacologic physical therapy
interventions as adjunct to core treatment (e.g., thermal, manipulation, electrical nerve
stimulation, and orthotics).’

Patient-centered clinical outcomes include functional status, pain, and quality of life.?
Consumers judge the success of physical therapy interventions by improvement in patient-
centered outcomes.* *> Some consensus exists that clinical trials for symptomatic knee OA
should examine patient-centered clinical outcomes and joint imaging.'® However, published
studies inconsistently define treatment success.’” In practice, physical therapists evaluate
treatment success using intermediate outcomes related to function, including instrumental
measurements of gait, balance, and range of motion. Likewise, reimbursement is currently driven
by functional outcomes, including gait, transfers, and activities of daily living. Yet, we are not
certain whether these outcomes predict pain, disability, or quality of life.

This report synthesizes published evidence about the effectiveness of physical therapy for
pain secondary to knee OA in adults. We focused on community-dwelling adults in ambulatory
care settings and on interventions applicable to physical therapy practice. Our systematic review
is intended to help clinicians, consumers, and policymakers make informed decisions based on
synthesized evidence and other relevant factors.

Input From Stakeholders

We developed our Key Questions with stakeholder input as part of the Effective Health Care
Program. We developed an analytic framework (Figure A) after discussions with key informants.
Research questions were posted for public comment. Key informants recommended that we
focus on patient-centered outcomes and physical therapy interventions relevant for clinical
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practice in the United States. Key informants also recommended that we review the intermediate
outcomes with which physical therapists judge treatment success. Candidates to serve as Key
Informants, technical experts, and Peer Reviewers were approved by the Task Order Officer
from the Agency for Healthcare Research and Quality (AHRQ) after disclosure of conflicts of
interest. We developed the protocol following Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines * (www.effectivehealthcare.ahrg.gov/index.cfm/search-for-
guides-reviews-and-reports/?productid=637&pageaction=displayproduct), with input from
members of the Technical Expert Panel (TEP).

Figure A. Analytic framework

Adults With (KQ1)
Knee
Osteoarthritis
Age, sex, race,

: Physical therapy,
baseline 7 apy

ADL/IADL dose, intensity
fisebiliny, s Intermediate Quicomes ; L s
comorbidity, (KQ1) Joint tiovetient. swelling. (KQ 2) Patlent-clentered
obesity; > impairments in - =
rior knee - Pain
prior knee performance tests ] ,
injury or ndependence in
surgery; ADL/IADL
concomitant/ (KQ3) Patient satisfaction
prior Global assessment
treatments, Time to return to
activity level, work/activities
m‘cu{mliun Adverse effects of Quality of life
treatments

(any known)
ADL = activities of daily living; IADL = instrumental activities of daily living; KQ = Key Question

Objectives

For the topic of physical therapy interventions for adults with knee OA, our goal was to
conduct (1) a comprehensive review of the literature about the association between intermediate
and patient-centered outcomes and (2) a comprehensive synthesis of evidence of the clinical
efficacy and comparative effectiveness of the interventions. We followed the principles from the
Methods Guide for Effectiveness and Comparative Effectiveness Reviews from AHRQ
(http://effectivehealthcare.ahrq.gov/search-for-guides-reviews-and-
reports/?pageaction=displayproduct&productid=318). We examined the following questions:

Key Question 1. What are the effectiveness and comparative effectiveness
of available physical therapy interventions (without drug treatment) for adult
patients with chronic knee pain due to OA on intermediate and patient-
centered outcomes when compared to no active treatment or another
active physical therapy modality?

a. Which patient characteristics are associated with the benefits of examined
interventions of physical therapy on intermediate and patient-centered outcomes?

ES-2



b. Do changes in intermediate and patient-centered outcomes differ by the dose,
duration, intensity, and frequency of examined interventions of physical therapy?

c. Do changes in intermediate and patient-centered outcomes differ by the time of
followup?

Key Question 2. What is the association between changes in intermediate
outcomes with changes in patient-centered outcomes after physical therapy
interventions?

a. What is the validity of the tests and measures used to determine intermediate
outcomes of physical therapy on knee OA in association with patient-centered
outcomes?

b. Which intermediate outcomes meet the criteria of surrogates for patient-centered
outcomes?

c. What are the minimum clinically important differences of the tests and measures used
to determine intermediate outcomes?

Key Question 3. What are the harms from physical therapy interventions
available for adult patients with chronic knee pain due to osteoarthritis
when compared to no active treatment or active controls?

a. Which patient characteristics are associated with the harms of examined physical
therapy interventions?
b. Do harms differ by the duration of the treatment and time of followup?

Methods

Data Sources

We sought studies from a wide variety of sources, including MEDLINE® via OVID and
PubMed®, the Cochrane Library, the Physiotherapy Evidence Database (PEDro), SCIRUS,
Allied and Complementary Medicine (AMED), and the Health and Psychosocial Instruments
bibliography database up to February 29, 2012. We conducted manual searches of reference lists
from systematic reviews and eligible studies. The grey literature search included regulatory
documents, conducted clinical trials, and abstracts presented in scientific meetings.

Study Selection

At least two investigators independently evaluated each study for eligibility. Disagreements
were resolved by consensus. We defined the target population, eligible independent and
dependent variables, outcomes, time, and setting following the PICOTS (Population,
Intervention, Comparator, Outcomes, Timing, and Settings) framework developed in the
protocol. We included original studies of adults with knee OA published in English after 1970.
Eligible trials enrolled community-dwelling adults with knee OA and reported pain as an
inclusion criterion and/or outcome. Eligible interventions fell within the scope of physical
therapy practice, whether or not the articles clearly described the involvement of physical
therapists or physical therapist assistants in a given study.?” For analyses of efficacy, eligible
comparators included sham stimulation, usual care, and no active treatment; for comparative
effectiveness, eligible comparators were physical therapy interventions. Eligible patient-centered
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outcomes included knee pain, disability, quality of life, perceived health status, and global
assessments of treatment effectiveness. Eligible intermediate outcomes included composite
function, joint function, gait function, strength, and transfers.

To minimize risk of bias and to obtain valid estimates of physical therapy benefits and harms,
we focused on randomized controlled trials (RCTs). While randomization may distribute the
effects of other treatments equally, their efficacy must still be taken into account. Moreover,
some nonphysical therapy treatments, such as pain relievers, may in part mask the benefits of
physical therapy, especially for pain. We also reviewed observational studies with multivariate
adjustment for concomitant treatments and confounding factors.?* 2* We defined physical
therapy and selected the interventions and methods to assess the outcomes in accordance with
“Practice Pattern 4E: Impaired Joint Mobility, Motor Function, Muscle Performance, and Range
of Motion Associated with Localized Inflammation” from the Guide to Physical Therapist
Practice.”

For Key Question 2, we included any observational studies that reported the association
between intermediate and patient-centered outcomes.

We defined the target population as community-dwelling adults with knee pain secondary to
knee OA. We excluded studies involving children, adolescents, hospitalized patients, or patients
in long-term care facilities; studies that included patients with knee or hip OA that did not
separately report the outcomes in patients with knee OA; and studies that aimed to examine
surgical or pharmacologic treatments for knee OA. We also excluded studies that examined
physical therapy delivered via rehabilitation programs for adults with knee OA who had
undergone knee arthroplasty within 6 months before the study. For Key Question 2, we did not
review validation of tests in populations with diseases other than knee OA.

We defined harms as a totality of all possible adverse consequences of an intervention.® We
included published and unpublished evidence of adverse effects with eligible interventions,
regardless of how authors perceived causality of treatments.”> We did not contact the primary
investigators for further information or clarification about the methodology or results of the
trials.

Data Extraction

We used standardized forms to extract data. We conducted a double independent quality
control for the data extracted from RCTs. One reviewer abstracted an article and a second
reviewer checked the data for accuracy. We abstracted minimum datasets for therapeutic studies.
For categorical variables, we abstracted the number of events among treatment groups. We
abstracted means and standard deviations of continuous variables. For RCTs, we abstracted the
number randomized to each treatment group. We abstracted the time when the outcomes were
assessed as weeks from randomization and the time of followup after treatments; we categorized
followups as less than 6 weeks, 6 to 13 weeks, 14 to 26 weeks, or more than 26 weeks. For
observational studies, we extracted relative measures of the association (relative risk, hazard
ratio, odds ratio) with standard error or 95% confidence interval (Cl), and reported adjustments
for patient characteristics.

For the studies about the association between intermediate and patient-centered outcomes for
Key Question 2, we abstracted the number of positive (true and false) and negative (true and
false) with index diagnostic tests when compared with the reference standard.

We abstracted baseline patient characteristics, including eligible and mean age; mean body
mass index; proportion of women and minorities; proportion with disability; proportions with
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severe knee OA, comorbidities, and multijoint OA; baseline physical activity level; occupation;
and concomitant drug and physical therapy interventions. We abstracted settings and physical
therapist supervision of the treatments. We abstracted type, dose, length, and intensity of
physical therapy interventions when reported by the authors.

Risk of Bias Assessment and Strength of Evidence

Using a modified Cochrane risk of bias tool,%° we evaluated risk of bias in individual studies
according to their designs We evaluated random allocation of the subjects to treatment groups,
adequacy of randomization and allocation concealment, masking of the treatment status for the
outcome assessment, and intention-to-treat principles. We examined sponsorship and conflict of
interest but did not increase risk of bias by using this information.

We defined RCTs as having medium risk of bias if one criterion was not met and high risk of
bias if two or more criteria were not met.

We evaluated diagnostic studies for Key Question 2 using criteria from the Quality
Assessment of Diagnostic Accuracy Studies .2’

We assessed strength of evidence from therapeutic studies for each major outcome according
to risk of bias, consistency, directness, and precision.?® We focused on direct evidence from
head-to-head RCTs. We downgraded strength of evidence if: (1) risk of bias was moderate or
high; (2) heterogeneity was statistically significant; or (3) estimates were inconsistent or
imprecise. We defined treatment effect estimates as precise when pooled estimates had
reasonably narrow 95% Cls and pooled sample size was greater than 400. When appropriate, we
included strength of association®® and upgraded the strength of evidence if the standardized
effect size was more than 0.8. We defined strength of evidence as low when evidence was
limited to an individual study with low or medium risk of bias, and we defined evidence as
insufficient if drawn from single studies with high risk of bias.?® We judged whether the overall
body of available evidence allowed for conclusions that were sufficiently robust and resistant to
bias and errors to guide clinical decisionmaking.?®

We followed the criteria of the United States Preventive Services Task Force in assessing
strength of evidence from observational studies that examined the association between patient-
centered and intermediate outcomes.”

Applicability

We estimated the applicability of the sample by evaluating the selection of adults in
observational studies and clinical trials. For each intervention study, we also examined setting
(including the involvement of physical therapists or physical therapist assistants) and exclusion
criteria.

Data Synthesis and Analysis

We synthesized and presented the evidence according to the classification of physical therapy
interventions from the American Physical Therapy Association’s (APTA’s) Guide to Physical
Therapist Practice.??

For categorical variables, we calculated rates, relative risk, and absolute risk differences. For
continuous variables we calculated mean differences with 95% CI. We also calculated ratios of
means that describe percentage differences in pain with active versus control interventions.* We
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calculated estimates by applying intention-to-treat principles. If we found more than one study
from a particular trial, we used the results from the latest published papers.

We examined and synthesized evidence of other nonsurgical treatments for knee OA if
reported in the studies. We then compared effects of the examined physical therapy interventions
across the studies according to reported concomitant drug treatments. We conducted sensitivity
and subgroup analyses according to concomitant drug treatments when the available data were
suitable for pooling.

Using a standard preplanned algorithm, we explored heterogeneity by characteristics of
clinical diversity, including age, sex, race, and baseline activities of daily living (ADL),
instrumental activities of daily living (IADL), comorbidity, obesity, and significant skeletal
abnormality.** We explored heterogeneity by treatment type, dose (when applicable), and
duration, as well as by whether the control treatment included education or exercise. We
performed subgroup analyses by the involvement of a physical therapist for all outcomes with
aerobic or strengthening exercises but not with other interventions that were likely administered
by physical therapists. We explored heterogeneity by disclosed conflict of interest** and by
indivigjzuglsl risk of bias criteria of individual studies rather than using a global risk of bias
score.”™

We focused on patient-centered outcomes, including pain, disability, and quality of life.>* We
categorized intermediate outcomes as measurements of gait, strength, balance, transfers,
endurance, joint function, or composite measure of functional performance. We reviewed
validity and reliability of the tests within the scope of physical therapy practice. Evidence of the
association between intermediate and patient-centered outcomes of physical therapy
interventions was synthesized from observational studies that adjusted for treatments and
confounding factors. We synthesized evidence from the studies that reported diagnostic values of
intermediate outcomes to predict clinical outcomes. In a separate analysis, we synthesized the
evidence of the association between intermediate and clinical outcomes from linear, logistic, or
Cox regression models.

Using Meta-analyst®®> and STATA®® software at a 95% CI, we calculated differences in
relative risk and absolute risk from the abstracted events, and we calculated nonstandard mean
differences in continuous variables from the reported means and standard deviations. We used
correction coefficients, forced intention to treat, and calculations for missing data as
recommended by guidelines.® Using Cohen’s criteria, we defined magnitude of the effect as
small, middle, and large, corresponding 0-0.5, 0.5-0.8, and >0.8 standardized mean differences in
standard deviation units.®” Pooling criteria for Key Questions 1 and 3 required that interventions
and outcomes be similarly defined.

We categorized eligible physical therapy interventions according to the way in which they
were defined and ordered in APTA’s Guide to Physical Therapist Practice.?? To address
differences in outcomes measures, we analyzed all eligible RCTs with the recommended
standardization method instead of excluding valuable results from eligible RCTs that used
different measures of the outcomes.*® We calculated standardized mean differences (SMDs) for
different measures of the same outcome with Cohen and Hedges methods. We back transformed
SMDs to mean differences® with several instruments: for disability, we used EQ-5D, a
multiattribute, preference-based health status measuring instrument;*® for quality of life, we used
the 36-Item Short-Form Health Survey (SF-36);*° for pain, we used the Visual Analog Scale
(VAS);* for composite function, we used the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) function score;* and for gait function, -we used walking
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speed.** We derived pooled standard deviations of EQ-5D and SF-36 from large population-
based studies of noninstitutionalized adults.*® *°*? We multiplied the SMDs by the among-person
standard deviation to yield an estimate of the difference in mean outcome scores (with, versus
without, intervention) on EQ-5D (0.38),%° SF-36 (10.9),° VAS (22 in scale of 0 to 100),*
WOMAC physical function (18.5),* and walking speed (0.2 m/s).** We categorized treatment
effects from the studies by the clinical importance of differences in intermediate outcomes
according to definitions of minimum clinically important differences (MCIDs) from published
observational studies and evidence-based reports.** We categorized the results from each tested
hypothesis as nonsignificant differences in continuous outcomes or as statistically significant
differences of <20, 20-50, or >50 percent from control interventions.**

We tested consistency of the results by comparing the direction and strength of the
association®® and assessed heterogeneity of results using Chi square and | square tests.*> *® We
also explored heterogeneity with meta-regression and sensitivity analysis. Using four followup
time categories, we performed meta-analyses based on examined physical therapy modalities and
their combinations. We conducted subgroup analyses to examine the association between each
component and treatment effect size. We reported the results from random effects models only*’
and chose the random effects model to incorporate in the pooled analysis differences across trials
in patient populations, concomitant treatments, and definitions of interventions and outcomes.*

We qualitatively synthesized the evidence from poorly reported RCTs and observational
studies. For studies that included knee and hip OA, we included the results in pooled analyses if
we could isolate knee cases.

For Key Question 2, we summarized results of individual studies in evidence tables to
analyze sensitivity, specificity, predictive values, diagnostic odds ratios, and predictive
likelihood ratios, with a focus on the latter.*® *° Ratios of 1 indicated that the tests did not
provide a likelihood of accurate diagnosis.*® Ratios of more than 10 provided large, and often
conclusive, increases in the likelihood of an accurate diagnosis.*®

We tabulated each article for results of index diagnostic tests and reference standards. We
evaluated validation and the proposed MCIDs in total scores when this information was
available. To judge validity from the studies that reported correlation coefficients between index
and reference methods, we categorized correlation as follows: weak correlations as <20 percent,
medium correlation as 20-50 percent, strong correlation as 50-75 percent, and very strong
correlation as >75 percent.®” To answer the question of which intermediate outcomes met the
criteria of surrogates for patient-centered outcomes, we used Outcome Measures in Rheumatoid
Arthritis Clinical Trials (OMERACT) Criteria for Surrogate Endpoints.** *° We examined
whether randomized trials of physical therapy interventions evaluated the association between
intermediate outcome change and patient-centered outcome change.*

Results

Of 4,266 identified references, we included 576 references for this review (Figure B). For
Key Questions 1 and 3, we synthesized evidence from 422 references. We calculated treatment
effect from 261 references including 212 publications of 193 RCTs, and qualitatively analyzed
161 studies. Only 84 RCTs met pooling criteria and were included into meta-analyses.
Definitions of physical therapy interventions and outcomes varied dramatically among studies;
thus, only a small proportion of comparisons met pooling criteria. We prioritized pooled analyses
and results at longest time of followup over nonpooled results and short followups. Most studies
lasted 4 to 6 weeks, with a followup of 6 months.
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Figure B. Study flow

Retrieved from bibliographic databases:
Medline = 3,808
Cochrane Library = 68

Retrieved from other sources:
Trial registries = 90
Scientific Resource Center = 19

: y PEDro =8 . Manual search = 139
Allied and Complementary Medicine = 11 EDAreviews =7
Health and Psychosocial Instruments = 38 APTA guidelines = 7
CSA=71
Total retrieved
4,266
Excluded at Guidelines = 24
screening = 3,343 Review = 323
v v L = i
Excluded after reviewing Not ehglk;le as:ls‘oc.:;a!lfve'I1ypotlw_51§'.olfslcd =69
Included = 576 the articles — ek e R
1.258 Not eligible target population = 342
I ; Not eligible outcomes = 44
Included for Included for
Questions | and 3 Question 2
422 154

\_l

Calculated treatment effects = 261
Included in pooled analyses = 84 publications
of RCTs
Qualitative analysis = 161

APTA = American Physical Therapy Association; CSA = Cambridge Scientific Abstracts; FDA = U.S. Food and Drug
Administration; PEDro = Physiotherapy Evidence Database; RCT = randomized controlled trials

Overall, RCTs had good applicability to our target population because they primarily
recruited older adults with knee OA. More than 70 percent of the participants were female. Body
mass index (BMI) of participants averaged 29 kg/m?. In 100 RCTs (52 percent), subjects were
taking anti-inflammatory drugs or pain relievers. Half the studies provided no information about
exact pharmacologic treatments. Few studies specified that they excluded patients with prior
knee surgery, and most did not report participants’ occupation, knee injury, comorbidity, or
duration of condition, or the proportion of subjects with baseline disability or who had
undergone surgery.

Because the studies used different tools to measure the same outcomes, we used
standardization in all pooled analyses. The studies examined continuous measures of the
outcomes and rarely categorized the patients according to clinical importance of the changes.

The most common reasons for increased risk of bias were unmasking of the treatment status
and no planned intention-to-treat analyses. Most RCTs had medium risk of bias.
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Key Questions

Key Question 1. Effectiveness of Physical Therapy Interventions

We found very few statistically significant differences in outcomes between active and
control treatments. Tables A and C show how many studies examined each outcome, estimated
effect sizes, and our level of confidence that the evidence reflects a true estimate of the treatment
effect that is not likely to be changed by future research. Tables B and D present our conclusions
about effectiveness of physical therapy interventions.

In pooled analyses, we found low-strength evidence that core physical therapy interventions,
including aerobic and aquatic exercise, improved disability measures; aerobic exercise and
strengthening exercise reduced pain and improved function. In addition, ultrasound reduced pain
and improved function. Proprioception exercise reduced pain, and tai chi improved function at
short-term but not long-term followup. No single physical therapy improved all outcomes. We
observed no benefits from specific education programs, diathermy, orthotics, or magnetic
stimulation. Individual (nonpooled) RCTs failed to show consistent statistically significant,
strong, or clinically important changes in outcomes. Individual small RCTs may fail to show
statistically significant effects due to low statistical power. Strength of evidence was downgraded
due to study risk of bias and heterogeneity in populations, treatments, and definitions of
outcomes.

We described the interventions according to definitions and classification from APTA’s
Guide to Physical Therapist Practice.?” For each examined intervention, we reported (1) the total
number of eligible RCTs that contributed to our findings and (2) conclusions from the studies
that contributed to the pooled analyses at the longest time of followup.
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Table A. Effectiveness of physical therapy intervention on patient-centered outcomes (standardized mean differences [SMDs] pooled
with random effects models, using standardized units of differences-standard deviations)

QOutcome, Studies, Sample

Strength of the

Strength of

Pooled Hedges Standard
Mean Difference (95% ClI)

Ref?rze%ces Risk of Bias | Directness | Consistency Precision Association Evidence Converted Mean
Difference (95% CI)
Specific Education Programs

Pain 6-13 weeks

S ) ) . . . . 0.09 (-0.42, 0.60)
%F%dles. 3; Subjects: 429 High Direct Inconsistent Imprecise NA Low 2.0 (-9.2, 13.2)
Pain >26 weeks

S - . . . . . -0.09 (-0.32, 0.14)
7Ss’t%dlezs. 2; Subjects: 511 High Direct Consistent Precise NA Low 2.0 (-7.0, 3.1)

Aerobic Exercise

Disability <6 weeks

NN i ) . . . . -1.70 (-3.27, -0.13)
%,tgldles' 2; Subjects: 117 High Direct Inconsistent Imprecise Large Low -0.65 (-1.24, -005)
Disability 6-13 weeks

NN . ) . . . . -0.44 (-0.94, 0.05)
%tgodggs 8; Subjects: 739 High Direct Inconsistent Imprecise NA Low -0.17 (-0.36, 0.02)
Disability 13-26 weeks

I . ) . . . . 0.12 (-0.11, 0.36)
ssz,tlsjsdles' 2; Subjects: 277 Medium Direct Consistent Imprecise NA Low 0.05 (-0.04, 0.14)
Disability >26 weeks

. . . . . . -0.21 (-0.37, -0.04)
Studies: 4; Subjects: 806 High Direct C tent P Small L
S 181& é?%g ; Subjects ig irec onsisten recise ma ow -0.08 (-0.14: -0.02)
Psychological disability 6-13
weeks . . . . -0.67
Studies: 4; Subjects: 271 High Direct Inconsistent Imprecise NA Low (-1.43, 0.1)
77,81, 86, 89
Pain <6 weeks

. . . . . . . -0.98 (-2.19, 0.24)
%Fgldles. 2; Subjects: 137 High Direct Inconsistent Imprecise NA Low -21.6 (-48.2. 5.3)
Pain 6-13 weeks
Studies: 12; Subjects: 1,242 High Direct Inconsistent | Precise Small Low -0.32 (:0.55, -0.08)
76, 77, 81-86, 89-92 -7.0 (-12.1,-1.8)
Pain 13-26 weeks

. i . . . . -0.06 (-0.19, 0.06)
Studies: 6; Subjects: 953 High Direct C tent P NA L
S lSJZ égsgo_gz, ubjects ig irec onsisten recise ow 13 (-4.2 1.3)
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Table A. Effectiveness of physical therapy intervention on patient-centered outcomes (standardized mean differences [SMDs] pooled with
random effects models, using standardized units of differences-standard deviations) (continued)

QOutcome, Studies, Sample

Strength of the

Strength of

Pooled Hedges Standard
Mean Difference (95% Cl)

Ref?rze%ces Risk of Bias | Directness | Consistency Precision Association Evidence Converted Mean
Difference (95% CI)
Aerobic Exercise (continued)

Pain >26 weeks

. - . . . . -0.21 (-0.35, -0.08)
Studies: 6; Subjects: 1,221 High Direct C tent P Small L
S 17161 ;3331 87,ygzu jects: 1, ig irec onsisten recise ma ow 4.6 (-1.7, -1.8)
Function composite 6-13 weeks

S X . . . . . -0.83 (-1.34, -0.32)
itggdgﬁs 3; Subjects: 351 Medium Direct Inconsistent | Imprecise Large Low -15.4 (- 24.8, -5.92)
Function composite >26 weeks

S X ; . . . . -0.18 (-0.44, 0.08)
5S4tl7jgdé?s 3; Subjects: 826 Medium Direct Inconsistent Precise NA Low -3.33 (-8.14. 1.48)
Gait function < 6 weeks

o . ” . . . . -0.38 (-0.63, -0.13)
gtlajldsl)ss 3; Subjects: 220 High Direct Consistent Imprecise Small Low -0.08 (-0.13. -0.03)
Gait function 6-13 weeks

S . ; . . . . -0.57 (-0.75, -0.39)
3?209é?%é,§g_§,%?le°t3- 632 High Direct Consistent Precise Moderate Low -0.11 (-0.15, -0.08)
Gait function 13-26 weeks

o ; . . . . . -0.44 (-0.62, -0.26)
%tgodé?s 3; Subjects: 459 High Direct Consistent Precise Small Low -0.09 (-0.12. -0.05)
Gait function >26 weeks

o ; ) . . . . -0.56 (-0.86, -0.25)
5S4’tl914d|(=zs. 2; Subjects: 609 Medium Direct Consistent Precise Moderate Low -0.11 (-0.17, -0.05)
Health perception 6-13 weeks
8Sltlsjgdies: 2; Subjects: 62 High Direct Inconsistent Imprecise NA Low -1.38 (-3.08, 0.32)
Health perception >26 weeks
8S3tl817dii§s: 3; Subjects: 513 High Direct Consistent Precise NA Low -0.04 (-0.21, 0.14)
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Table A. Effectiveness of physical therapy intervention on patient-centered outcomes (standardized mean differences [SMDs] pooled with
random effects models, using standardized units of differences-standard deviations) (continued)

QOutcome, Studies, Sample

Strength of the

Strength of

Pooled Hedges Standard
Mean Difference (95% Cl)

Ref?rze%ces Risk of Bias | Directness | Consistency Precision Association Evidence Converted Mean
Difference (95% CI)
Aquatic Exercise

Disability 6-13 weeks

NN . ) . . . . 0.06 (-0.36, 0.49)
6S&tlgjsdles. 2; Subjects: 99 Medium Direct Consistent Imprecise NA Low 0.02 (-0.14. 0.19)
Disability 13-26 weeks

N . ) . . . . -0.28 (-0.51, -0.05)
9S‘r,’tlgjadles. 2; Subjects: 303 Medium Direct Consistent Imprecise Small Low -0.11 (-0.19; -0.02)
Pain 6-13 weeks

S ) . . . . . -0.25 (-0.64, 0.15)
6S&tlgjsdles. 2; Subjects: 99 Medium Direct Consistent Imprecise NA Low 55 (-14.1, 3.3)
Pain 13-26 weeks

TV i ) . . . . -0.17 (-0.39, 0.06)
9S‘r,’tlgjadles. 2; Subjects: 303 Medium Direct Consistent Imprecise NA Low 3.7 (-8.6, 1.3)
QL13-26 weeks

. ! . . . . . -0.10 (-0.32, 0.13)
9S‘r,’tlgjadles. 2; Subjects: 303 Medium Direct Consistent Imprecise NA Low -1.06 (-3.51; 1.40)
Function composite 6-13 weeks

S X ) . . . . -0.03 (-0.51, 0.44)
6S&tlgjsdles. 2; Subjects: 99 Medium Direct Consistent Imprecise NA Low -0.56 (-9.44, 8.14)

Strengthening Exercise

Disability 6-13 weeks

ST . ) . . . . -0.08 (-0.51, 0.35)
9Sstl5.317dglgzs 4; Subjects: 606 Medium Direct Inconsistent Imprecise NA Low -0.03 (-0.19. 0.13)
Disability 13-26 weeks

N . ) . . . . -0.19 (-0.36, -0.01)
QSE,FlQJquEOS. 3; Subjects: 490 Medium Direct Consistent Precise Small Low -0.07 (-0.14. -0.00)
Disability >26 weeks

S . > . . . . -0.16 (-0.48, 0.16)
gFgBdles. 2; Subjects: 687 Medium Direct Inconsistent Precise NA Low -0.06 (-0.18: 0.06)
Pain 6-13 weeks

. i . . . . -0.63 (-0.87, -0.39)
Studies: 13; Subjects: 1,404 High Direct | tent | P Moderat L
S 1915 é%g, 101_,mgu jects: 1, ig irec nconsisten recise oderate ow -13.9 (-19.1, -8.6)
Pain 13-26 weeks
Studies: 4; Subjects: 592 Medium Direct Consistent Precise Small Low -0.35 (:0.51, -0.18)
95, 98, 100, 109 -7.7 (-11.2, -4.0)
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Table A. Effectiveness of physical therapy intervention on patient-centered outcomes (standardized mean differences [SMDs] pooled with
random effects models, using standardized units of differences-standard deviations) (continued)

Outcome. Studies. Sample Pooled Hedges Standard
e ' p . . . . . Strength of the | Strength of Mean Difference (95% ClI)
Size, Risk of Bias | Directness | Consistency Precision A o Evid C d M
References ssociation vidence Converted Mean
Difference (95% CI)
Strengthening Exercise

Pain >26 weeks

. X . . . . -0.68 (-1.23, -0.14)
Studies: 3; Subjects: 786 Med Direct | tent | P Moderat L
S 19181 {gss ; Subjects edium irec nconsisten recise oderate ow 15.0 (-27.1, -3.1)
QL 6-13 weeks

T . . . . . . -0.32 (-0.72, 0.07)
9S‘r,’tlgjgdles. 2; Subjects: 194 Medium Direct Consistent Imprecise NA Low -3.52 (-7.80. 0.77)
Function composite 6-13 weeks

. X . . . . -0.84 (-1.13, -0.56)
Studies: 6; Subjects: 521 Medium Direct Inconsistent Precise Large Lo
63, léjs, 103, 105, 1os,uloaja u ! ! ! 9 w -15.5 (-20.9, -10.4)
Function composite 13-26
weeks . . . . -0.35 (-0.61, -0.09)
Studies: 3; Subjects: 200 Medium Direct Consistent Imprecise Small Low -6.48 (-11.3, -1.67)
95, 100, 109
Function composite >26 weeks

S X ; . . . . -1.00 (-1.95, -0.05)
SlFlfo(gles. 2; Subjects: 394 Medium Direct Inconsistent | Imprecise Large Low -18.5 (-36.1, -0.93)
Gait function 6-13 weeks

. . . . . . -0.47 (-0.78, -0.16)
Studies: 9; Subjects: 958 High Direct | tent | P Small L
S 1918’ 155103',106_?081'% S ig irec nconsisten recise ma ow -0.09 (-0.16, -0.03)
Gait function 13-26 weeks

o ; . . . . . -0.46 (-0.84, -0.08)
QSBFlIJO('éiles. 2; Subjects: 494 Medium Direct Consistent Precise Small Low -0.09 (-0.17, 0.02)
Gait function >26 weeks

o ; ) . . . . -0.39 (-0.59, -0.20)
5S‘Ltlgjsdles. 2; Subjects: 687 Medium Direct Consistent Precise Small Low -0.08 (-0.12. -0.04)

Tai Chi

Disability 6-13 weeks

o . ; . . . . -0.24 (-0.68, 0.2)
ess,t?lqles' 2; Subjects: 85 Medium Direct Consistent Imprecise NA Low -0.09 (-0.26. 0.08)
Disability 13-26 weeks

T . . . . . . -0.27 (-0.95, 0.41)
181591%68' 2; Subjects: 123 Medium Direct Consistent Imprecise NA Low -0.10 (-0.36, 0.16)
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Table A. Effectiveness of physical therapy intervention on patient-centered outcomes (standardized mean differences [SMDs] pooled with
random effects models, using standardized units of differences-standard deviations) (continued)

QOutcome, Studies, Sample

Strength of the

Strength of

Pooled Hedges Standard
Mean Difference (95% Cl)

Ref?rze%ces Risk of Bias | Directness | Consistency Precision Association Evidence Converted Mean
Difference (95% CI)
Tai Chi (continued)

Pain 6-13 weeks

e ) . . . . . -0.41 (-0.85, 0.03)
ess,tlflqles' 2; Subjects: 85 Medium Direct Consistent Imprecise NA Low 0.0 (-18.7, 0.7)
Function composite 6-13 weeks

S X . . . . . -0.44 (-0.88, 0.00)
6S‘r,’tlljl(:lhes. 2; Subjects: 85 Medium Direct Consistent Imprecise Small Low -8.14 (-16.3, 0)
Function joint 6-13 weeks
6Sstlljlqies: 2; Subjects: 85 Medium Direct Consistent Imprecise NA Low -0.08 (-0.51, 0.36)

Proprioception Exercise

Pain 6-13 weeks

S . . . . . . -0.71 (-1.31, -0.11)
%guldm|3(=3ls13 3; Subjects: 198 High Direct Inconsistent | Imprecise Moderate Low -15.6 (-28.8, -2.4)
Function composite 6-13 weeks

. X . . . . -1.12 (-2.66, 0.41)
Studies: 3; Subjects: 198 High Direct | tent | | NA L
105910é§1313 ; Subjects ig irec nconsisten mprecise ow -20.7 (-49.2. 7.59)
Gait function 6-13 weeks

. . . . . . -0.96 (-2.00, 0.09)
Studies: 3; Subjects: 181 High Direct | tent | | NA L
106911!’;,61814 ; Subjects ig irec nconsisten mprecise ow -0.19 (:0.4, 0.02)

Massage

Function composite 6-13 weeks

S X . . . . . -0.55 (-0.93, -0.18)
lslgquées. 2; Subjects: 94 High Direct Consistent Imprecise Moderate Low 0.2 (-17.2. -3.33)

Orthotics

Gait function <6 weeks

SR . . . . . . -0.01 (-0.22, 0.20)
13155{9&95' 4; Subjects: 101 High Direct Consistent Imprecise NA Low 0.00 (-0.04, 0.04)
Function composite <6 weeks

S X . . . . . -0.57 (-1.17, 0.02)
556,“1]2(3'63' 2; Subjects: 138 Medium Direct Inconsistent Imprecise NA Low 4105 (-21.6, 0.37)

Taping: Elastic Subtalar Strappin

Function composite 6-13 weeks ) ; )
Studies: 3; Subjects: 246 High Direct Consistent Imprecise Small Low 0.27(-0.53,-0.02)

52,122,123

-5.00 (-9.81, -0.37)
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Table A. Effectiveness of physical therapy intervention on patient-centered outcomes (standardized mean differences [SMDs] pooled with
random effects models, using standardized units of differences-standard deviations) (continued)

QOutcome, Studies, Sample

Strength of the

Strength of

Pooled Hedges Standard
Mean Difference (95% Cl)

Ref?rze%ces Risk of Bias | Directness | Consistency Precision Association Evidence Converted Mean
Difference (95% CI)
Electrical Stimulation

Disability 6-13 weeks

NN . ) . . . -0.27 (-0.68, 0.14)
lszgyltgées. 2; Subjects: 98 Low Direct Consistent Imprecise NA Moderate -0.10 (-0.26: 0.05)
Pain <6 weeks

o . . . . . . -0.71 (-0.98, -0.43)
%E“fé‘é‘??o 7, Subjects: 301 High Direct Consistent Imprecise Moderate Low -15.6 (-21.6, -9.5)
Pain 6-13 weeks
Studies: 7; Subjects: 304 High Direct Consistent Imprecise NA Low -0.09 (-0.31, 0.14)
104, 124, 125, 128, 131-133 -2.0 (-6.8, 3.1)
Pain 13-26 weeks

TV i ) . . . . 0.57 (0.09, 1.06)
ggyg;es. 2; Subjects: 76 High Direct Consistent Imprecise Moderate Low 12.5 (2.0, 23.3)
Global assessment 6-13 weeks
lszgul('iiées: 2; Subjects: 98 Low Direct Consistent Imprecise Small Low -0.44 (-0.85, -0.02)
Function composite 6-13 weeks

. X . . . . -0.08 (-0.43, 0.26)
Studies: 3; Subjects: 138 Med Direct C tent | NA L
124912&,61831 ; Subjects edium irec onsisten mprecise ow -1.48 (-7.96. 4.81)
Function joint <6 weeks
1Szgul(g(i)es: 2; Subjects: 100 Medium Direct Consistent Imprecise NA Low -0.25 (-0.61, 0.11)
Function joint 6-13 weeks
1Széttultgées: 2; Subjects: 98 Low Direct Consistent Imprecise NA Moderate -0.29 (-0.70, 0.12)
Gait function <6 weeks

o ) ) . . . . -0.19 (-0.69, 0.30)
Egulgﬁ?e 4; Subjects: 191 High Direct Inconsistent Imprecise NA Low -0.04 (-0.14. 0.06)
Gait function 6-13 weeks
Studies: 3; Subjects: 164 High Direct Consistent Imprecise NA Low 0.06 (-0.23, 0.35)

110, 131, 133

0.01 (-0.05, 0.07)
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Table A. Effectiveness of physical therapy intervention on patient-centered outcomes (standardized mean differences [SMDs] pooled with
random effects models, using standardized units of differences-standard deviations) (continued)

QOutcome, Studies, Sample

Strength of the

Strength of

Pooled Hedges Standard
Mean Difference (95% Cl)

Ref?rze%ces Risk of Bias | Directness | Consistency Precision Association Evidence Converted Mean
Difference (95% CI)
Electrical Stimulation (continued
Strength, measured as 120
degree extension 6-13 weeks . . . .
Studies: 2; Subjects: 118 Medium Direct Inconsistent Imprecise NA Low -0.41 (-0.83, 0.01)
131, 133
Strength, measured as 60
degree extension 6-13 weeks . . . .
Studies: 2; Subjects: 146 High Direct Consistent Imprecise Moderate Low -0.55 (-0.88, -0.22)
110, 131
Pulsed Electromagnetic Fields

Pain <6 weeks

. . . . . 0.01 (-0.41, 0.44)
Studies: 2; Subjects: 145 L Direct C tent | NA Moderat
137913ées ; Subjects ow irec onsisten mprecise oderate 0.2 (:9.0,97)
Function composite <6 weeks

s X . . . . -0.13 (-0.60, 0.35)
gsyl(gées. 2; Subjects: 145 Low Direct Consistent Imprecise NA Moderate -2.41 (-11.1. 6.48)

Ultrasound

Disability <6 weeks

NN . . . . . . -0.39 (-0.79, 0.02)
Egyl%es. 2; Subjects: 157 Medium Direct Consistent Imprecise NA Low -0.15 (-0.30, 0.01)
Pain <6 weeks

S . . . . . . -0.53 (-1.04, -0.03)
183591%65. 2; Subjects: 157 Medium Direct Inconsistent | Imprecise Moderate Low 11.7 (-22.9. -0.7)
Pain 6-13 weeks

. ) . . . . -0.52 (-0.84, -0.19)
Studies: 4; Subjects: 227 Med Direct C tent | Moderat L
1319145% ; Subjects edium irec onsisten mprecise oderate ow 11.4 (-18.5, -4.2)
Pain >26 weeks

s ; . . . . . -0.74 (-0.95, -0.53)
184591%65. 2; Subjects: 160 Medium Direct Consistent Imprecise Moderate Low -16.3 (-20.9, -11.7)
Function composite 6-13 weeks

. X . . . . -0.60 (-1.40, 0.20)
Studies: 4; Subjects: 227 Med Direct | tent | | NA L
1319145?3 ; Subjects edium irec nconsisten mprecise ow 112 (-26.0. 3.72)
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Table A. Effectiveness of physical therapy intervention on patient-centered outcomes (standardized mean differences [SMDs] pooled with
random effects models, using standardized units of differences-standard deviations) (continued)

Outcome. Studies. Sample Pooled Hedges Standard
e ' p . . . . . Strength of the | Strength of Mean Difference (95% ClI)
Size, Risk of Bias | Directness | Consistency Precision A S Evid C d M
References ssociation vidence Converted Mean
Difference (95% CI)
Ultrasound (continued)

Function composite >26 weeks . . . . -1.14 (-1.60, -0.69)
Studies: 2; Subjects: 160 % 142 Medium Direct Consistent Imprecise Large Low -21.2 (-29.8, -12.8)
Gait function <6 weeks

o ) ) . . . . -0.53 (-1.32, 0.25)
183591%65' 2; Subjects: 157 Medium Direct Inconsistent Imprecise NA Low -0.11 (-0.26. 0.05)
Gait function 6-13 weeks

. . . . . . -1.13 (-2.08, -0.17)
Studies: 4; Subjects: 227 Medium Direct Inconsistent Imprecise Large Lo
131914{-143 ) u ! ! prect 9 W -0.23 (-0.42, -0.03)
Gait function >26 weeks

B ; ) . . . . -1.48 (-2.08, -0.89)
154591%68' 2; Subjects: 160 Medium Direct Inconsistent | Imprecise Large Low -0.30 (-0.42, -0.18)

Diathermy

Disability <6 weeks

N i ) . . . . -0.21 (-0.45, 0.02)
15459197'63' 4; Subjects: 259 High Direct Consistent Imprecise NA Low -0.08 (-0.17, 0.01)
Disability 6-13 weeks

NN . ) . . . . -0.04 (-0.34, 0.25)
184291%65' 2; Subjects: 143 High Direct Consistent Imprecise NA Low -0.02 (-0.13, 0.09)
Pain <6 weeks

o . . . . . . -0.53 (-0.96, -0.10)
18459197'65' 4; Subjects: 259 High Direct Inconsistent Imprecise Moderate Low 117 (211, -2.2)
Pain 6-13 weeks

. ) . . . . -0.01 (-0.27, 0.26)
Studies: 3; Subjects: 183 High Direct C tent | NA L
1319145'5,637 ; Subjects ig irec onsisten mprecise ow 02 (-5.9,5.7)
Function composite <6 weeks

AN X . . . . . -0.47 (-0.95, 0.02)
igﬂgj;es. 3; Subjects: 229 High Direct Inconsistent Imprecise NA Low -8.70 (-17.6. 0.37)
Function composite 6-13 weeks

. X . . . . 0.01 (-0.26, 0.27)
Studies: 3; Subjects: 183 High Direct C tent | NA L
131914;637 ; Subjects ig irec onsisten mprecise ow 0.19 (-4.81, 5.00)
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Table A. Effectiveness of physical therapy intervention on patient-centered outcomes (standardized mean differences [SMDs] pooled with
random effects models, using standardized units of differences-standard deviations) (continued)

Outcome. Studies. Sample Pooled Hedges Standard
e ' p . . . . . Strength of the | Strength of Mean Difference (95% ClI)
Size, Risk of Bias | Directness | Consistency Precision S d d
References Association Evidence F:onverte Mean
Difference (95% CI)
Diathermy (continued)
Function joint <6 weeks
ﬁgulq;es: 2; Subjects: 143 High Direct Consistent Imprecise NA Low 0.20 (-0.10, 0.49)
Function joint 6-13 weeks
ﬁgulq;es: 2; Subjects: 143 High Direct Consistent Imprecise NA Low 0.16 (-0.14, 0.46)
Gait function <6 weeks
. ) . . . . -0.10 (-0.36, 0.17)
Studies: 3; Subjects: 173 High Direct Consistent Imprecise NA Lo
iGeES 9 SUbl '9 ! ! preci W -0.02 (-0.07, 0.03)
Gait function 6-13 weeks
. . . . . . -0.14 (-0.40, 0.13)
Studies: 3; Subjects: 183 High Direct C tent | NA L
131914!3,637 ; Subjects ig irec onsisten mprecise ow -0.03 (-0.08. 0.03)

CI = confidence interval; NA = not applicable; QL = quality of life
Note: Bold indicates significant differences when 95% Cls do not include 0; Negative value means improvement; Converted mean differences are in EQ-5D (0-1) for disability, in
SF-36 (0-100) for quality of life, in Visual Analog Scale (0-100) for pain, in Western Ontario and McMaster Universities Osteoarthritis Index for physical function (0-100) for

composite function, and in walking speed (m/s) for gait function
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Table B. Summary of effectiveness of physical therapy interventions for knee osteoarthritis

Physical Therapy
Intervention

Studies/Subjects

Conclusions/Strength of Evidence

Specific education
programs

Studies=2/Subjects=511

Specific education programs improved health perception measures (L) but did not improve pain (L), disability
(L), psychological disability (L), gait (L) and composite measures of function (L)

Aerobic exercises

Studies=11/Subjects=1,553

Aerobic exercises improved pain (L), disability (L), gait (L), and transfer (L) measures of function but did not
improve psychological disability (L), global assessment (L), health perception (L), joint (L) and composite
measures of function (L)

Aquatic exercises

Studies=3/Subjects=348

Aquatic exercises improved disability (L) but did not improve pain (L), psychological disability (L), quality of life
(L), and composite measures of function (L)

Strengthening
exercises

Studies=9/ Subjects=1,982

Strengthening exercises improved pain (L), global assessment (L), gait (L), transfer (L), and composite (L)
function measures but did not improve disability (L), health perception (L), quality of life (L) and joint (L)
function measures

Tai Chi

Studies=3/Subjects=167

Tai Chi improved psychological disability (L) and composite (L) function measures, but did not improve pain
(L), disability (L), quality of life (L), gait (L), and joint (L) function measures

Proprioception
exercises

Studies=4/Subjects=247

Proprioception exercises improved pain (L) but did not improve gait (L) and composite measures of function

(L)

Massage

Studies=3/Subjects=162

Massage improved disability (L), joint (L), gait (L) and composite (L) function measures

Joint mobilization

Studies=2/Subjects=83

Joint mobilization improved disability (L) and global assessment (L) but did not improve pain (L) and gait (L)
function measures

Joint mobilization
with exercise

Studies=1/Subjects=134

Joint mobilization with exercise improved disability (L) but did not improve gait (L) function measures

Orthotics

Studies=7/Subjects=364

Orthotics improved pain (L), disability (L), psychological disability (L), quality of life (L), and joint measures of
function (L) but did not improve global assessment (L), gait (L) and composite (L) function measures

Elastic subtalar

Studies=3/Subjects=246

Elastic subtalar strapping improved composite function measures (L)

strapping
Taping Studies=2/Subjects=105 Taping did not improve pain (L), disability (L), gait (L) and composite (L) function measures
et L ) _ E-stim improved global assessment (L), but worsened pain (L), and did not improve disability (M), health
E-stim Studies=7/Subjects=390 perception (L), and gait (L), joint (M), transfer (L), and composite (L) function measures,
PEME Studies=4/Subjects=267 PEMF |mproved glopal assessment (L) but did not improve pain (M), disability (L), and gait (L), joint (L) and
composite (M) function measures
Ultrasound Studies=6/Subjects=387 Ultra_sc_Jund |mproved pain (L), gait (L) and composite (L) function measures but did not improve disability (L),
and joint function measures (L)
. L . _ Diathermy did not improve pain (L), disability (L), psychological disability (L), global assessment (L), health
Diathermy Studies=5/Subjects=382 perception (L), quality of life (L), and joint (L), gait (L) and composite (L) function measures
Heat Studies=3/Subjects=126 Heat |mproved disability (L) and quality of life (L), but did not improve pain (L), gait (L), joint (L), and composite
(L) function measures
Cryotherapy Studies=2/Subjects=57 Cryotherapy did not improve disability (L), quality of life (L), and composite function measures (L)

E-stim = electrical stimulation; PEMF = pulsed electromagnetic fields;
Note: Strength of evidence as L = low, M = moderate. Strength of evidence was determined according to four domains (risk of bias, directness, consistency, and precision).
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Table C. Comparative effectiveness of physical therapy intervention on patient-centered outcomes (standardized mean differences
pooled with random effects models, using standardized units of differences-standard deviations)

QOutcome, Studies,

Strength of the

Strength of

Pooled Hedges Standard
Mean Difference

Sg@fglree:ézee, Risk of Bias | Directness | Consistency Precision Association Evidence (95% CI) Converted Mean
Difference (95% CI)
E-stim vs. Exercise

Pain <6 weeks

. . ) . . . . -1.28 (-2.95, 0.40)
%‘t‘yl%es. 2; Subjects: 81 High Direct Inconsistent Imprecise NA Low -28.2 (-64.9, 8.8)
Gait function <6 weeks

. . i . . . . 0.20 (-1.15, 1.55)
lslgyl%es. 2; Subjects: 81 Medium Direct Inconsistent Imprecise NA Low 0.04 (:0.23, 0.31)

Exercise Aquatic vs. Aerobic

Pain 6-13 weeks

S ) ) . . . . -0.44 (-1.22, 0.35)
955,“1‘4‘3'93- 2; Subjects: 110 | Medium Direct Inconsistent Imprecise NA Low 07 (-26.8, 7.7)

Laterally vs. Neutrally Wedged Insole

Function composite 6-13
weeks Medium Direct Consistent Imprecise NA Low -0.01(-0.25,0.25)

Studies: 2; Subjects: 383
51, 52

-0.19 (-4.63, 4.63)

CIl = confidence interval; E-stim = electrical stimulation;
Note: Negative value means improvement; converted mean differences are in Visual Analog Scale (0-100) for pain, in Western Ontario and McMaster Universities Osteoarthritis
Index for physical function (0-100) for composite function, and in walking speed (m/s) for gait function
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Table D. Summary of comparative effectiveness of physical therapy interventions for knee osteoarthritis

Active vs. Control Physical
Therapy Intervention

Studies/Subjects

Conclusions/Strength of Evidence

Aerobic exercises vs. strengthening
exercises

Studies=1/Subjects=290

Aerobic exercises improved gait function measures (L) but did not improve pain (L),
disability (L), transfer (L), and composite (L) function measures, compared to strengthening
exercises

Aquatic exercises vs. aerobic
exercises

Studies=2/Subjects=110

Aquatic exercises did not improve pain (L), disability (L), gait (L) and composite (L) function
measures, compared to aerobic exercises

Proprioception exercises vs.
strengthening exercises

Studies=1/Subjects=72

Proprioception exercises worsened composite function measures (L) and did not improve
pain (L), gait function (L), compared to strengthening exercises

Tai Chi vs. stretching exercises

Studies=1/Subjects=40

Tai Chi improved disability (L), psychological disability (L), and transfer function (L) but did
not improve pain (L), global assessment (L), gait (L), joint (L), and composite (L) function
measures, compared to stretching exercise

Laterally vs. neutrally wedged insole

Studies=5/Subjects=613

Laterally wedged insole did not improve pain (L), disability (L), global assessment (L),
quality of life (L), gait (L), joint (L), and composite function measures (L), compared to
neutrally wedged insole

Orthotics vs. brace

Studies=1/Subjects=91

Orthotics did not improve pain (L) and composite function measures (L), compared to brace

E-stim vs. exercises

Studies=2/Subjects=81

E-stim improved joint (L) and composite (L) measures of function but did not improve pain
(L) and gait (L) function, compared to exercises

E-stim vs. ultrasound

Studies=1/Subjects=40

E-stim did not improve pain (L), gait (L) and composite (L) measures of function, compared
to ultrasound

E-stim = electrical stimulation

Note: Strength of evidence as L = low; strength of evidence was determined according to four domains (risk of bias, directness, consistency, and precision).
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Specific Education Programs

We synthesized evidence from five RCTs; two RCTs with 511 participants contributed to the
pooled analyses at the longest time of followup. The results of three articles from two RCTSs that
examined the effects of specific education programs provided low-strength evidence of no
statistically significant effect on pain relief.

Aerobic Exercises

We synthesized evidence from 22 RCTs; 11 RCTs with 1,553 participants contributed to the
pooled analyses at the longest time of followup. We found low-strength evidence that aerobic
exercise resulted in statistically significant improvement in long-term pain and disability, but it
did not improve psychological disability or health perception. Within 3 months, aerobic exercise
improved composite function and gait function. At 12 months, the benefits of aerobic exercise
continued for gait function, but not for composite function. A single RCT examined the effects
of manual therapy combined with a standardized knee exercise program in the clinic and at
home, and found statistically and clinically significant improvements in WOMAC total score and
gait function.

Aquatic Exercises

We synthesized evidence from three RCTs with 348 participants that contributed to the
pooled analyses at the longest time of followup. The studies provided low-strength evidence that
aquatic exercise reduced disability, but it had no statistically significant effects on pain relief or
quality of life.

Strengthening Exercises

We synthesized evidence from 17 RCTs; 9 RCTs with 1,982 participants contributed to the
pooled analyses at the longest time of followup. Strengthening exercises had no statistically
significant effect on disability (low-strength evidence). However, we observed a sustained
improvement in pain relief, composite function, and gait function at 3 months through more than
12 months followup. Low-strength evidence demonstrated that strengthening exercises did not
improve quality of life.

Tai Chi

Evidence from three RCTs with 167 participants contributed to the pooled analyses at the
longest time of followup. Low-strength evidence from these small trials demonstrated that tai chi
improved composite function measures around 3 months, but it had no statistically significant
effect on pain or disability. Function did not improve further at 6 months followup.

Proprioception Exercises

Evidence from four RCTs with 247 participants contributed to the pooled analyses at the
longest time of followup. These RCTs offered low-strength evidence that proprioception
exercises led to pain relief, but they did not improve composite function or gait function.

Massage

Evidence from three RCTs with 162 participants contributed to the pooled analyses at the
longest time of followup. We found low-strength evidence that massage somewhat improved
composite function.
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Joint Mobilization

We synthesized evidence from three RCTs with 217 participants, but were unable to perform
pooled analyses due to differences in outcomes examined, reporting formats, and time to
followup. Individual studies showed that joint mobilization with or without exercise reduced
disability.

Orthotics
Evidence from seven RCTs with 364 participants contributed to the pooled analyses at the

longest time of followup. These RCTs demonstrated low-strength evidence that orthotics had no
effect on short-term outcomes of composite function or gait function.

Therapeutic Taping

Three RCTs with 119 participants examined the effects of therapeutic taping and found no
benefits for pain, disability, composite function, or gait function. Different reporting formats
precluded pooled analyses. Individual RCTs suggested that taping might provide short-term pain
relief.

Electrical Stimulation

We synthesized evidence from 15 RCTs, and seven RCTs with 390 participants contributed
to the pooled analyses at the longest time of followup. Electrical stimulation resulted in
statistically significant improved pain short term and at 3 months after starting the intervention.
However, pain worsened at 6 months. We found low-strength evidence that at 3 months
followup, global assessment and muscle strength (measured at 60 degree extension) improved
significantly with electrical stimulation treatment. These statistically significant findings were
consistent without substantial heterogeneity across the studies. Pooled analyses provided
moderate-strength evidence of no improvement on disability or joint function and low-strength
evidence of no improvement on gait or composite functional measures.

Pulsed Electromagnetic Fields

Evidence from four RCTs with 267 participants contributed to the pooled analyses at the
longest time of followup. These RCTs offered moderate-strength evidence that pulsed
electromagnetic fields (PEMFs) neither reduced pain nor improved composite function.

Ultrasound

Evidence from six RCTs with 387 participants contributed to the pooled analyses at the
longest time of followup. We found low-strength evidence that ultrasound resulted in statistically
significant reduction in pain with a moderate effect size and significantly improved composite
function and gait function with a large effect size. Low-strength evidence also demonstrated that
ultrasound did not improve disability.

Diathermy

We synthesized evidence from seven RCTs; five RCTs with 382 participants contributed to
the pooled analyses at the longest time of followup. Low-strength evidence demonstrated that
diathermy resulted in a statistically significant decrease in pain at 1 month, but the effect was
statistically insignificant at 3 months. Low-strength evidence demonstrated that diathermy did
not improve disability, composite function, joint function, or gait function.
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Heat
We synthesized evidence from three RCTs with 126 participants, but were unable to perform
a pooled analysis to draw robust conclusions.

Cryotherapy
We synthesized evidence from two RCTs with 57 participants, but were unable to perform a
pooled analysis to draw robust conclusions.

The Role of Physical Therapist Involvement in Benefits With

Exercises

We performed subgroup analyses by involvement of a physical therapist for all outcomes
with aerobic or strengthening exercises. For most comparisons, effect sizes with the involvement
of a physical therapist were larger than those without. Furthermore, the results in the physical
therapist involvement group tended to be consistent without heterogeneity. Although the sample
size of the subgroup with physical therapist involvement was smaller than the sample size of all
pooled studies, our conclusions remain the same.

Clinical Importance of Treatment Effects With Physical

Therapy Interventions

Original studies used a wide variety of pain measurements and thus required standardization
in pooled analyses. This lack of consistency prevented us from being able to assess whether
specific interventions resulted in benefits that were of clinical importance. To assess the clinical
importance of pain reduction with interventions, we performed subgroup analyses with a subset
of the studies that used the same VAS instrument for pain measures. We then compared mean
reduction in pain with the cutoff for MCIDs in VAS as reported in observational studies. We
found that electrical stimulation, diathermy, and ultrasound resulted in clinically significant
short-term pain reduction.

In long-term followup, however, only strengthening exercise reduced pain with an effect size
that exceeded the threshold of MCID.

To assess the clinical importance of improvements in disability and quality of life with
physical therapy interventions, we transformed SMDs to nonstandardized mean differences in
EQ-5D or SF-36 (Table A).

Only aerobic and aquatic exercises led to statistically significant and clinically important
benefits for disability (estimated EQ-5D improvements of 0.08 and 0.11, respectively). However,
for quality of life, the benefits of aquatic and strengthening exercise were statistically
insignificant (estimated SF-36 physical component summary improvements of 1.1 and 3.5,
respectively).

As a part of the evidence synthesis, we also compared the differences in continuous measures
of pain and disability reported in trials with the MCIDs determined in observational studies. We
found few clinically important improvements. Aerobic exercise resulted in clinically important
improvement in pain, disability, and joint function in the majority of individual RCTs.

Comparative Effectiveness of Physical Therapy Interventions

Single RCTs that examined comparative effectiveness of physical therapy interventions
offered low-strength evidence for the majority of comparisons (Tables C and D). Aerobic and
aquatic exercises had the same benefits for improving disability and pain, a finding consistent
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with the similar effect sizes demonstrated by these two interventions in efficacy studies. Tables E
and F show pain and disability outcomes associated with each physical therapy intervention by
strength of evidence. One study found no statistically significant differences between aerobic and
strengthening exercises for disability and composite function, but gait function improved more
with aerobic exercise. One study demonstrated that tai chi was better than stretching exercise for
disability, psychological disability, global assessment, and transfer function.

We found no statistically significant differences between laterally and neutrally wedged
insoles on composite function® % or between orthotics and brace on composite function. A
recent study showed that pain, disability, global assessment, quality of life, and joint function did
not differ between laterally and neutrally wedged insoles. Several small studies found no
statistically significant difference between electrical stimulation and exercise for pain relief and
gait function. One study showed statistically insignificant differences between electrical
stimulation and ultrasound for composite and gait function.

The studies of combined physical therapy modalities demonstrated no statistically significant
benefits on the outcomes when compared with aerobic, strength, or proprioception exercise
alone. Manual therapy added to aerobic exercise provided benefits similar to aerobic exercise
alone.

Key Question la. Role of Patient Characteristics on Outcomes

The majority of subgroup analyses in individual RCTs lacked robust evidence and thus failed
to permit definitive conclusions about the most effective physical therapy treatments in
association with patient characteristics.

Compliance

Three RCTs showed that subgroups with high compliance tended to have better outcomes for
exercise (aerobic, aquatic, and strengthening). The higher exercise compliance group had the
lowest risk of incident ADL disability, a lower average depression score, a higher mean Quality
of Well-Being Scale score, and greater improvements in both 6-minute walking distance and
disability.

Age

Robust evidence was lacking for how age differences affect treatment outcomes because
three studies were inconsistent with active and control treatments, outcomes, and definitions of
age subgroups.

Malalignment

Low-strength evidence from two RCTs did not permit robust conclusions about how
malalignment affects treatment outcomes. The RCTs found greater benefit in patients with the
genu varus group and in those without malalignment.

Body Mass Index

Two RCTs provided inconsistent evidence about the role of BMI in predicting treatment
effects. Improvement in function by lateral wedge insoles was better in adults of normal weight,
while very obese participants (defined by the top tertile) experienced similar benefits from
aerobic exercise interventions and resistance training programs.
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Comorbidity
Evidence from individual studies did not permit robust conclusions about how treatment
effects may be modified by comorbidity.

Sex

Evidence from individual studies did not permit robust conclusions about how treatment
effects may differ between men and women. The five studies that reported clinical outcomes in
male and female subgroups for exercise and orthotics®*>° demonstrated no statistically
significant differences in outcomes.

Race
Evidence from a single study was inconclusive for how racial differences affect treatment
outcomes of exercise.

Severity

Baseline OA severity may modify the effects of physical therapy interventions on clinical
outcomes. However, findings were inconsistent and varied across studies depending on the
treatments, outcomes, and/or cutoff grades. Furthermore, RCTs reported post hoc analyses of
changes from baseline in functional measures among patients with different baseline severity
scores. Clinical outcomes in severity subgroups were reported in seven RCTs, involving brace,
insole, exercise (strengthening or range of motion), and weight reduction and/or electrical
stimulation. Three RCTs found no consistent modification effect of baseline severity.

Key Question 1b. Association Between Dose/Duration/Intensity/
Frequency of Examined Interventions and Intermediate/
Patient-Centered Outcomes

For the majority of comparisons, evidence did not permit robust conclusions about the
association between the dose/duration/intensity/frequency of examined interventions and
outcomes.

Exercise

Included studies variously defined intensity of exercise, yet indicated equal benefits from
low- and high-intensity exercise. One study using exercise compliance to examine the potential
dose-response relationship between exercise frequency and outcomes showed that exercise for
patients with knee OA should be done three times each week.

Orthotics

For patients with genu varus deformity from OA, medium duration (between 5 and 10 hours
each day) of insole with subtalar strapping wear was better than short duration (fewer than 5
hours) and long duration (more than 10 hours).

Electrical Stimulation

We found no short-term clinical difference between low-frequency (2 Hz) and high-
frequency (80 Hz) electrical stimulation. However, noxious stimulation decreased pain intensity
more than innocuous stimulation. In one study, Burst Mode and High Rate stimulation had
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similar effects on stiffness and pain. Another study demonstrated that for reducing pain, 40
minutes was the optimal duration of electrical stimulation.

Ultrasound
Two RCTs showed that pulsed ultrasound was better than continuous ultrasound in
improving disability, gait, and composite function measures.

Key Question 1c. Association Between Time of Followup and

Intermediate/Patient-Centered Outcomes

The association between followup time and outcomes varied by treatments and outcomes of
interest. The effects of aerobic, aquatic, and strengthening exercises and ultrasound did not differ
at shorter versus longer followups. Further, in a combined analysis of aerobic, aquatic,
strengthening, proprioception, and tai chi exercises, changes in intermediate and patient-centered
outcomes did not differ by followup time (all p-values greater than 0.05). Results held consistent
with or without inclusion of Tai Chi. Outcomes of pain, gait, and composite function after
ultrasound did not differ by followup time. Electrical stimulation improved pain at short-term
followup but significantly worsened pain at longer followups (p-value <0.001). In contrast, we
observed that diathermy’s benefits for disability increased with longer followups (p-value =
0.009).

Association Between Duration of Examined Interventions and

Intermediate/Patient-Centered Outcomes

The duration of examined interventions varied broadly. For example, exercise programs
ranged from 2 to 72 weeks. We found no statistically significant association between the
duration of examined interventions and intermediate or patient-centered outcomes. In combined
results for aerobic, aquatic, strengthening, proprioception, and tai chi exercises, changes in
intermediate and patient-centered outcomes did not differ by the duration of the examined
intervention, with all p-values greater than 0.05.

Key Question 2. Association Between Intermediate

and Patient-Centered Outcomes

Evidence for the association between intermediate and clinical outcomes was limited to
individual studies. We found substantial variability in definitions of index and reference
methods, definitions of outcomes, and methods of examining diagnostic values and associations
between intermediate and clinical outcomes.

We synthesized the evidence of association between intermediate and clinical outcomes from
43 studies that included 25,799 adults with knee OA. Disability measures were associated with
gait, mobility restrictions, muscle strength, and range-of-motion measures, but the magnitude
and clinical importance of the association were unclear.

Key Question 2a. Validity of the Tests and Measures Used
To Determine Intermediate Outcomes of Physical Therapy

on OA in Association With Patient-Centered Outcomes
Validation of the tests and measures used to determine intermediate outcomes of physical
therapy on knee OA was reported in 66 studies of 14,563 adults. The studies used a variety of
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reference methods to judge validity according to statistically significant correlation coefficients.
Only a small proportion of the studies demonstrated a strong (more than 50 percent) correlation
between index and reference method measurements. Strength of correlation varied across
validity types.

Key Question 2b. Which Intermediate Outcomes Meet the Criteria

of Surrogates for Patient-Centered Outcomes?

None of the intermediate outcomes met surrogate criteria for patient-centered outcomes as
defined by the OMERACT Criteria for Surrogate Endpoints. TEP members proposed gait as a
feasible candidate for a surrogate endpoint. However, no study analyzed the association between
gait and patient-centered outcomes of physical therapy for adults with knee OA. One RCT did
conclude that knee pain and self-efficacy mediated the effects of exercise on stair-climb time. A
single longitudinal study of elderly adults demonstrated that impaired gait and the Physical
Performance Test were independent predictors of nursing home placement. Three cohort studies
(the Einstein Aging Study, the Chinese Elderly Cohort, and the Women’s Health and Aging
Study) examined the association between gait and nursing home placement. However, the studies
included adults with any etiology of gait problem, including neurological diseases or heart
failure. Further, the definitions of “impaired gait” and magnitude of the association differed
across the studies.

Key Question 2c. What Are Minimum Clinically Important
Differences of the Tests and Measures Used To Determine

Intermediate Outcomes?

No RCTs of physical therapy interventions determined minimum clinically important
differences (MCIDs). However, MCIDs in outcome measurements were reported in 30
observational studies of 13,138 adults. The studies used the anchor method, which compares
patient perception of improvement with absolute change in scale score or with percentage
difference from baseline levels. The percentage difference from baseline levels incorporated
baseline severity of the diseases. MCIDs were available for 26 validated tools.

Few studies determined a Patient Acceptable Symptom State (PASS) for knee OA. PASS is
defined as the highest level of symptom patients can tolerate and still be satisfied with treatment.
The studies used the same anchor method for determining PASS as they did for determining
MCIDs. The difference is in anchoring questions: MCID involves asking for patient perception
of clinically important improvement while PASS involves asking patients whether they are
satisfied with their functional status in relation to daily activities and quality of life. PASS was
determined for three scales—WOMAC, VAS, and Patient Global Assessment.

Key Question 3. Harms From Physical Therapy Interventions
Available for Adult Patients With Chronic Knee Pain Due
to Osteoarthritis

Adverse events were uncommon and varied across interventions. Skin irritation was
reported with brace, insole, taping, and electrical stimulation; swelling with brace, diathermy,
and exercise; muscle soreness with electrical stimulation; throbbing sensation with diathermy,
electrical stimulation, and PEMF; increased pain with diathermy, exercise, insole, and PEMF;
falls with insole; and need for surgery with diathermy. Adverse events rates did not differ with
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statistical significance among treatment groups. Adverse events were not severe enough to deter
participants from continuing treatment.

Discussion

Our report of patient-centered outcomes, including pain, disability, and quality of life with
physical therapy interventions for adults with knee OA has implications for clinical practice. Our
findings generally agree with previously published guidelines® ** and systematic reviews'” ***’
that recommend exercise for adults with symptomatic knee OA. Few physical therapy
interventions demonstrated any statistically significant effectiveness, and no single intervention
improved all outcomes (Tables E and F). Pooled analyses demonstrated that diathermy, orthotics,
and magnetic stimulation failed to show any benefits.

This review reflects the discrepancy between the recommended practice of physical therapy
and the study designs used to examine the interventions. Current guidelines recommend that
physical therapy be delivered with a combination of modalities.?? Published research has focused
instead on the marginal effects of individual physical therapy interventions. Our effort was
further complicated by the fact that clinical care for adults with knee OA includes pharmacologic
interventions,”®®° while our review was limited to nonpharmacologic treatments. To address
such complexity, we focused on randomized trials because these equally distribute concomitant
treatments among treatment groups and thus provide valid estimates of effects of the examined
interventions.

Randomized trials are the gold standard in establishing benefits from health care
interventions.®* However, applicability of findings is limited to similar settings, treatments, and
patient populations. In our review, for example, randomization might equally distribute the effect
of pain relievers (a common concomitant treatment), but it would not prevent the dampening of
potential effects from physical therapy interventions. The trials we examined rarely provided
information about all other treatments patients might have received. Nor did the trials analyze
outcomes separately in patient subgroups by concomitant treatments. We tried to examine the
potential influence of pain medication on physical therapy outcomes for pain, but rare and
inconsistent reporting of drug treatments impeded the evidence synthesis. Few studies provided
information about sustained benefits at long-term followup. One recently published trial
concluded sustained improvement in physical function at 30 months after a rehabilitation
program combining self-management and exercise.®? Heterogeneity in populations, treatments,
and definitions of the outcomes downgraded strength of evidence to low or moderate in most
cases.

Low-strength evidence resulted mainly from risk of bias: frequent exclusion of patients from
the analysis, inadequate allocation concealment, and unmasked outcome assessment. In addition,
small trials did not provide precise estimates of the treatment effects. Few studies reported
masking of the outcome assessments.®**® We could not reproduce the results from several poorly
reported studies, and we did not report evidence from individual studies with a high risk of bias.
We did not synthesize the evidence from the trials that enrolled patients with knee or hip OA
without separately reporting those outcomes. Many trials failed to provide sufficient detail about
the nature and intensity of specific interventions or about the involvement of physical therapists,
further impeding our ability to draw robust conclusions for decisionmaking.®®

Variability in the definitions and measurements of outcomes presented another obstacle.
Validated measurements of functional impairments relevant to physical therapy practice are
listed in APTA’s Guide to Physical Therapist Practice;?* however, APTA’s Guide recommends
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neither clinically important thresholds for such measures nor monitoring of treatment effects
according to patient-centered outcomes. Most trials reported outcomes as average scores for all
patients in each treatment group, with no evaluation of the clinical importance of the averages.
Average scores do not reveal how many or which types of patients develop disability or
experience clinically meaningful improvements in pain, function, or quality of life.

Furthermore, variability in the definitions of outcomes required us to calculate standardized
mean differences. Statistically significant differences in this construct do not necessarily reflect
the clinical importance of improvement in outcomes. OARSI has recommended evaluating
treatment success according to patient-centered outcomes and clinically important differences in
the WOMAC scale.** ™ In addition, many studies have used the anchor method, which compares
changes in scales with patient perception of improvement,”* ™ to determine MCIDs for the 26
validated tests. Yet, published studies of physical therapy interventions have not categorized
patients according to meaningful improvements in pain, disability measures, or quality of life.
Integrated approaches to evaluating the relationships between impairments in body structures
and functions (e.g., strength, range of motion), physical activities (e.g., balance, walking), and
participation in activities of daily living would allow better testing of patient-centered outcomes
of disability and quality of life.

Treatment success should be measured not just by improvement in scales or performance
tests, but by patient satisfaction with improvement in pain and function. The PASS tool is
gaining favor as a valid and reliable approach across many areas of medical practice, including
rheumatology.” PASS is used to identify the level of symptom state patients can tolerate while
still considering their health satisfactory and their treatment successful. PASS is available for
three scales: WOMAC, VAS for pain, and the Patient Global Assessment. Expanded use of
PASS would help improve the quality of physical therapy practice, and increase the usefulness of
studies examining physical therapy interventions.

Our report has implications for future research. First, consensus is needed regarding methods
to judge benefits of physical therapy interventions.” Benefits should be defined as clinically
important improvements in pain, independence in ADL, and quality of life. Treatment success
should be estimated using rates of patient-centered outcomes. Through meta-analysis of
individual patient data from previously conducted RCTs, researchers would be able to categorize
patients according to the clinical importance of any changes they experienced. They would also
be able to analyze rates of patient-centered outcomes. This would require that principal
investigators of RCTs be willing to share their data. Individual patient data meta-analyses may
also provide good estimates of treatment effects in patient subpopulations by age, comorbidity,
severity of knee OA, and concomitant treatments. Future RCTs should examine comparative
effectiveness of combined physical therapy treatments. Fully powered trials should examine
comprehensive and multimodal interventions that more closely resemble physical therapy
practice. Future studies should also analyze the effects of concomitant treatments such as pain
relievers on pain and function.

Key Messages (see Tables E and F)
Key Question 1

e Effectiveness of physical therapy (PT) interventions.
0 Pooled analyses demonstrated the following results for core interventions:
— Aerobic and aquatic exercise improved disability measures.
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— Aerobic and strengthening exercise reduced pain and improved function.
— Proprioception exercise reduced pain.
0 Pooled analyses also found that:
— Tai chi improved short-term function, but with no sustained benefit.
— Ultrasound reduced pain and improved function.
o0 Pooled analyses demonstrated that the following physical therapy interventions failed
to show any benefits:
— Specific education program.
— Diathermy.
— Orthotics.
— Magnetic stimulation (PEMF).

o Few physical therapy interventions were shown to be effective in general.

0 No single physical therapy intervention was shown to improve all examined
outcomes.

0 Research focused on individual physical therapy interventions, in contrast with the
common physical therapy practice of combining interventions.

o0 Individual (nonpooled) randomized controlled trials (RCTs) failed to show consistent,
statistically significant, strong, or clinically important changes in outcomes.

Comparative effectiveness of physical therapy interventions.

o Evidence about comparative effectiveness of physical therapy interventions was
limited.

0 Pooled analyses demonstrated that:

— Pain did not differ between aerobic and aquatic exercises.
— Pain did not differ between electrical stimulation and exercise in pooled
analyses.

o0 Individual RCTs of other treatment comparisons found no consistent clinically
important differences in outcomes and did not support robust conclusions about the
best treatment option.

Which patient characteristics are associated with the benefits of examined physical

therapy interventions on intermediate and patient-centered outcomes?

o0 Evidence from individual randomized controlled clinical trials did not support robust
conclusions about differences in physical therapy effects by patient characteristics.
Patients with high compliance tended to have a better treatment response with
exercise interventions.

Do changes in intermediate and patient-centered outcomes differ by the dose, duration,

intensity, and frequency of examined physical therapy interventions?

0 The duration of examined interventions was not associated with better intermediate or
patient-centered outcomes.

o Evidence regarding the association between the dose/intensity/frequency of examined
interventions and outcomes was not available for the majority of comparisons.

Do changes in intermediate and patient-centered outcomes differ by the time of

followup?

0 The effects of the treatments that significantly improved outcomes, including exercise
(aerobic, aquatic, and strengthening) and ultrasound did not differ at shorter versus
longer followup times.
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o0 Electrical stimulation provided short-term pain improvement, but significantly
worsened pain at a longer followup.

0 Study risk of bias and heterogeneity in populations and treatments, including
concomitant treatments, decreased the strength of evidence to low or moderate in
most cases.

Key Question 2

What is the association between changes in intermediate outcomes and changes in

patient-centered outcomes after physical therapy interventions?

o Gait, mobility restrictions, muscle strength, and range of motion measures were
associated with disability measures.

o Individual observational studies failed to provide strong evidence for determining
which intermediate outcomes strongly and consistently predict patient-centered
outcomes.

What is the validity of the tests and measures used to determine intermediate outcomes of

physical therapy on osteoarthritis (OA) in association with patient-centered outcomes?

0 Many articles reported validation, but few demonstrated a strong (more than 50
percent) correlation between index and reference method measurements.

o Original studies concluded that tests are valid based on significance, not strength of
correlation.

Which intermediate outcomes meet the criteria of surrogates for patient-centered

outcomes?

0 None of the intermediate outcomes met surrogate criteria for patient-centered
outcomes.

What are minimum clinically important differences (MCIDs) of the tests and measures

used to determine intermediate outcomes?

0 MCIDs of the tests were determined using the anchor method, which compares
changes in scales with patient perception of improvements. MCIDs were available as
absolute change in score or as relative change as a percentage difference from
baseline levels, the latter accounting for baseline severity of the disease.

0 The definition of Patient Acceptable Symptom State (PASS) that accounted for
patient satisfaction was available for Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC), Visual Analog Scale (VAS) for pain, and for the
Patient Global Assessment Scale. PASS defines the highest level of symptom state
patients can tolerate and still be satisfied with their treatment.

o0 Validated tools defined threshold values of clinical importance for evaluating
treatment success in adults with knee OA. However, more often studies used
continuous measures of the outcomes, providing an average score for all patients in
each treatment group, with no evaluation of the clinical importance of these averages.
Average scores do not reveal how many or which patients develop disability or
experience clinically meaningful improvement in pain, function, or quality of life.

Key Question 3

What are the harms from physical therapy interventions available for adult patients with
chronic knee pain due to OA when compared with no active treatment or active controls?
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0 Adverse events were uncommon, varied across interventions, and included skin
irritation with brace/insole/tape/electrical stimulation; swelling with
brace/diathermy/exercise; muscle soreness with electrical stimulation;
warming/throbbing sensation with diathermy/electrical stimulation/PEMF; increased
pain with diathermy/exercise/insole/PEMF; and falls with insole. Adverse events
were not severe enough to deter participants from continuing treatment.

Table E. Summary of pain outcome associated with each physical therapy intervention by strength

of evidence

Physical Therapy Intervention

Moderate Strength of Evidence

Low Strength of Evidence

Education program

No improvement

Aerobic exercises Improvement
Aquatic exercises No improvement
Strengthening exercises Improvement
Tai Chi No improvement
Proprioception exercises Improvement
Massage

Joint mobilization

No improvement*

Joint mobilization + exercise

Orthotics

Improvement*

Elastic subtalar strapping

Taping No improvement*
E-stim Worse

PEMF No improvement

Ultrasound Improvement
Diathermy No improvement
Heat No improvement*
Cryotherapy

E-stim = electrical stimulation; PEMF = pulsed electromagnetic fields

Note: Bold = improvement
*Result based on a single study

Table F. Summary of disability outcome associated with each physical therapy intervention by

strength of evidence

Physical Therapy Intervention

Moderate Strength of Evidence

Low Strength of Evidence

Education program

No improvement*

Aerobic exercises

Improvement

Aquatic exercises

Improvement

Strengthening exercises

No improvement

Tai Chi No improvement
Proprioception exercises

Massage Improvement*
Joint mobhilization Improvement*
Joint mobilization + exercise Improvement*
Orthotics Improvement*

Elastic subtalar strapping

Taping No improvement*
E-stim No improvement

PEMF No improvement*
Ultrasound No improvement
Diathermy No improvement
Heat Improvement*
Cryotherapy No improvement*

E-stim = electrical stimulation; PEMF = pulsed electromagnetic fields

Note: Bold = improvement
*Result based on a single study
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Introduction

Osteoarthritis (OA), the most common form of arthritis,* is a progressive disorder in which
gradual cartilage loss causes bony spurs and cysts to develop at the surface and margins of the
joints. Inflammation, pain, stiffness, limited movement, and possible deformity of the joint may
result.? OA of the knee affects 28 percent of adults over age 45° and 37 percent of adults over
age 65 in the United States.>® Already, OA is a leading cause of disability among
noninstitutionalized adults;* those affected by it have slower gait velocities and use more
assistive walking devices and nonsteroidal anti-inflammatory drugs and narcotics than those not
affected. The Centers for Disease Control and Prevention anticipates that the prevalence, health
impact, and economic consequences of OA will surge during the next few decades as the
population ages.’

Treatments for OA aim to reduce or control pain, improve physical function, prevent
disability, and enhance quality of life—all of which constitute clinical outcomes of importance to
patients.® ° Treatment options include pain relievers, anti-inflammatory drugs, weight loss,
general physical exercise, physical therapy, and, when conservative treatments fail, surgery.® *°

Surgical treatments for knee OA include realignment osteotomy and total knee arthroplasty
revisions (knee replacements).* In the United States, about 556,400 knee replacement surgeries
are performed annually,** a figure that increased by nearly 300 percent between 1990 and 2004."
11.12 By 2030, the annual number of total knee arthroplasty revisions in the United States is
projected to increase 600 percent.*?

The Osteoarthritis Research Society International (OARSI) asserts that optimal OA
management combines nonpharmacologic and pharmacologic modalities.® ** ** ** However, with
the exception of exercise, scant evidence exists for the efficacy of adjunct therapies for knee
OA.™ ® Based on the findings of one systematic review,® *” OARSI and the American Academy
of Orthopedic Surgeons recommend a variety of physical therapy interventions, including low-
impact aerobic fitness exercises, range-of-motion/flexibility exercises, quadriceps strengthening,
and patellar taping for short-term pain relief.®*” The National Institute for Health and Clinical
Excellence guidelines'® agree that exercise (including local muscle strengthening and general
aerobic fitness) should be a core treatment for osteoarthritis regardless of patient age,
comorbidity, pain severity, or disability. The National Institute for Health and Clinical
Excellence also suggests other nonpharmacologic physical therapy interventions as adjunct to
core treatment.'?

Many systematic reviews, including three from the Cochrane Collaboration,'®*° have
synthesized data on physical therapy interventions for adult patients with knee OA. However,
each published review examines a specific intervention instead of examining and comparing a
range of available physical therapies. Most existing studies focus on exercise therapy; however,
studies currently underway include physical therapy components such as insole treatment, knee
bracing, wedged orthoses, manual therapy, weight loss, home-based exercises, strength training,
knee stability training, electrical stimulation, and ultrasound. Publication of substantial new
research evidence may alter the calculated risk-benefit ratio for some OA physical therapies and
thus necessitate the updating of research evidence.** %



Measuring Outcomes of Physical Therapy Interventions

Measurement of physical therapy benefits should address patient-centered outcomes rather
than the results of instrumental tests.?? Additionally, clinicians and policymakers should consider
patient-centered outcomes when making treatment and reimbursement decisions.

We need to recognize the importance of the relationship between patient-centered and
intermediate outcomes for adult patients with knee OA.? Intermediate outcome measures, such
as measures of gait, muscle strength, or joint function, are helpful to develop individualized
treatment plans and to document gradual progress in function. These measures may also help
with patient adherence/compliance to the exercise program, and ultimately promote success in
achieving desired patient-centered outcomes such as prevention of disability. Research based on
patient-centered outcomes provides patients and clinicians valuable information for making
decisions about physical therapy and other health care services.?

Patient-centered outcomes for adults with pain secondary to knee OA include reduction in
pain and improvement in functional disability and quality of life.?> Some consensus exists that
clinical trials for knee OA should examine pain, physical function, patient global assessment, and
joint imaging.”® However, published studies have inconsistently interpreted and defined
improvement and treatment success.™® %" % Clinical trials have estimated the benefits and
harms of physical therapy with validated scales of pain, function, and quality of life.?* %
Clinicians and researchers have used statistically significant changes in scale scores to define
treatment success, without accounting for whether these score changes have clinical importance.
Score changes that equate to benefits patients recognize as important are known as minimum
clinically important differences, or MCIDs. MCIDs have been determined by individual studies,
but have not been systematically reviewed.

Further, studies of physical therapy interventions have examined intermediate outcomes.
These outcomes have been defined as improvement (as measured by a variety of assessment
tools) in tests of balance, knee joint range of motion, gait speed, or muscle strength. Yet,
validation of such measurements of functional impairments has not been systematically
reviewed. In addition, clinical trials have concluded benefits with physical therapy interventions
according to absolute changes in functional measurements, while ignoring the clinical
importance of such changes. Likewise, reimbursement for physical therapy services is currently
driven by measurements of gait, transfers, and activities of daily living (ADLS), regardless of
how patients perceive improvements.

No systematic reviews or primary studies of physical therapy for adult patients with knee OA
have specifically examined the relationship between changes in intermediate outcomes and
meaningful changes in patient-centered outcomes, such as disability in activities of daily living,
quality of life, or lost work time. Quality of care could be improved by evaluating how clinical
effects are measured and documented, as well as by reviewing outcomes information for
research.

Our review intends to contribute to evidence-based recommendations by synthesizing
published efficacy evidence for physical therapy interventions for knee pain secondary to OA.
We systematically reviewed studies that examined physical therapy interventions and assessed
intermediate and patient-centered outcomes.

The Key Questions used to guide this study are shown below.



Key Question 1

What are the effectiveness and comparative effectiveness of available physical therapy
interventions (without drug treatment) for adult patients with chronic knee pain due to OA on
intermediate and patient-centered outcomes, compared to no active treatment or another active
physical therapy modality?

a.

b.

Which patient characteristics are associated with the benefits of examined
interventions of physical therapy on intermediate and patient-centered outcomes?
Do changes in intermediate and patient-centered outcomes differ by the dose,
duration, intensity, and frequency of examined interventions of physical therapy?
Do changes in intermediate and patient-centered outcomes differ by duration of
examined interventions of physical therapy and the time of followup?

Key Question 2

What is the association between changes in intermediate outcomes with changes in patient-
centered outcomes after physical therapy interventions?

a.

b.

What is the validity of the tests and measures used to determine intermediate
outcomes of physical therapy on OA in association with patient-centered outcomes?
Which intermediate outcomes meet the criteria of surrogates for patient-centered
outcomes?

What are minimum clinically important differences of the tests and measures used to

determine intermediate outcomes?

Key Question 3

What are the harms from physical therapy interventions available for adult patients with
chronic knee pain due to osteoarthritis when compared to no active treatment or active controls?

a.

b.

Which patient characteristics are associated with the harms of examined physical
therapy interventions?
Do harms differ by the duration of the treatment and time of followup?



Methods

Topic Refinement and Review Protocol

We developed the Key Questions with stakeholder input as part of the Effective Health Care
Program. We developed an analytic framework after discussions with key informants. Research
questions were posted for public comment. Key informants recommended that we focus on
patient-centered outcomes and physical therapy interventions relevant for clinical practice in the
United States. Key informants also recommended that we review the intermediate outcomes with
which physical therapists judge treatment success. Candidates to serve as key informants,
technical experts, and peer reviewers were approved by the Task Order Officer from the Agency
for Healthcare Research and Quality (AHRQ) after disclosure of conflicts of interest. We
developed the protocol following Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines ** (www.effectivehealthcare.ahrg.gov/index.cfm/search-for-guides-reviews-
and-reports/?productid=637&pageaction=displayproduct) with input from experts who served on
the Technical Expert Panel (TEP).

Literature Search Strategy

We sought studies from a wide variety of sources, including MEDLINE® (via OVID and
PubMed®), the Cochrane Library, the Physiotherapy Evidence Database (PEDro), SCIRUS,
Allied and Complementary Medicine (AMED), and the Health and Psychosocial Instruments
bibliography database up to February 29, 2012. We conducted manual searches of reference lists
from systematic reviews and eligible studies.®* We searched for unpublished literature including
regulatory documents, conducted clinical trials, and abstracts presented in scientific meetings.
We searched clinical trial registries including ClinicalTrials.gov and World Health Organization
Clinical Trials for completed trials related to the Key Questions. To find closed studies of
physical therapy interventions for adults with knee OA, we searched the website
www.clinicaltrials.gov in March 2011.

Our Evidence-based Practice Center (EPC) search strategy used relevant medical subject
headings (MeSH) terms, text words, and weighted word frequency algorithms to identify related
articles. Members of our TEP and peer reviewers suggested additional published studies. We
documented each recommended, included, and excluded study. Our evidence search involved
several steps: (1) conduct a comprehensive literature search in the databases listed above to
retrieve references in the EndNote reference management software; (2) screen abstracts against
pre-established inclusion/exclusion criteria; and (3) retrieve and review full articles on eligible
studies to determine potential inclusion in the evidence synthesis. The search strategies for the
three research questions are described in Appendix A.

We present the excluded references in Appendix B and our analysis of the results from
ongoing studies in Appendix C.

Inclusion Criteria

For Key Questions 1 and 3 we included:

1. Original epidemiologic studies, including randomized clinical trials (RCTS),
nonrandomized multicenter clinical trials, and observational studies that used the
strategies to reduce bias (adjustment, stratification, matching, propensity scores).
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Publication in English after 1970.
Target population of community-dwelling adults with knee OA.

4. Eligible intermediate (impaired performance tests) and patient-centered outcomes
including pain, disability, and quality of life.
5. Eligible interventions as listed in Table 1.

Table 1. Physical therapy interventions eligible for review

General Modality

Specific Intervention

Definition

Patient/Client-Related Instruction

Instruction, education, and training
of patients/clients and caregivers

Current condition
Enhancement of performance
Health, wellness, and fitness
Plan of care

Risk factors for pathology/
pathophysiology, impairments,
functional limitations, or
disabilities

Therapeutic exercise

Aerobic capacity/endurance
conditioning or reconditioning

Increased workload over time
Walking programs
Aquatic therapy

Flexibility exercises

Muscle lengthening
Range of motion
Stretching

Gait and locomotion training

Gait training
Implement and device training

Strength, power, and endurance
training for limb muscles

Active assistive, active, and resistive
exercises

Quadriceps strengthening

Aquatic programs

Standardized, programmatic,
complementary exercise approaches
Task-specific performance training

Body mechanics and postural stabilization
Body mechanics training

Balance, coordination, and
agility training

Neuromuscular education or re-education
Posture awareness training

Muscle relaxation technique for
pain management

Functional training in self-care,
home management, work,
community, and leisure integration
or reintegration (including ADL,
IADL, work hardening, and work
conditioning)

ADL training

Devices and equipment use and
training

Assistive and adaptive device or equipment
training during ADL and IADL

Orthotic, protective, or supportive device or
equipment training during ADL and IADL

Functional training programs

Simulated environments and tasks
Task adaptation

IADL training

Injury prevention or reduction

Injury prevention education during self-care,
home management, work, community, and
leisure integration or reintegration

Injury prevention or reduction with use of
devices and equipment

Safety awareness training during self-care,
home management, work, community, and
leisure integration and reintegration




Table 1. Physical therapy interventions eligible for review (continued)

General Modality | Specific Intervention | Definition

Patient/Client-Related Instruction (continued)

Detailed examination to reveal
impaired movements

Manual techniques with
reinforcing exercise to improve
Manual therapy techniques movement

(Including mobilization/ Manual traction

manipulation) Connective tissue massage

Massage Therapeutic massage

Soft tissue

Mobilization/manipulation Knee joint, other joints

Passive range of motion

Adaptive devices Raised toilet seats
Braces
o L . Orthotic devices Shoe inserts
Prescription, application of devices Splints
and equipment P
Braces

Protective devices Protective patellar taping

Supportive devices Supportive taping

Electrical muscle stimulation

Functional electrical stimulation
Electrotherapeutic interventions Electrical stimulation High-voltage pulsed current
Neuromuscular electrical stimulation
Transcutaneous electrical nerve stimulation

Nonthermal agents Pulsed electromagnetic fields
Aquatic therapy Pools
Sound agents Ultrasound
Physical agents and mechanical ag gzitks
interventions Thermotherapy Diathermy
Cold modalities
Cold packs
Cryotherapy Ice massage

ADL = activities of daily living; IADL = instrumental activities of daily living

For Key Question 2, we included all studies that examined the association between
intermediate and patient-centered outcomes of physical therapy interventions.

We included observational studies when no trial data were available to estimate treatment
benefits and harms.*

We included RCTs with subjects who had both knee and hip OA if outcomes for the two
groups were reported separately. For Key Question 2, we included studies of tests and measures
of functional outcomes in adults with knee OA.

Exclusion Criteria

1. Studies that involved children, adolescents, hospitalized patients, or patients in long-
term care facilities.

2. Studies that included patients with knee or hip OA but did not separately report the

outcomes.

Studies that involved surgical treatments or pharmacologic treatments for knee OA.

4. Studies that examined physical therapy delivered via rehabilitation programs for
adults with knee OA who had undergone knee arthroplasty within 6 months before
the study.
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Studies that validated tests and measures in populations with other diseases.
Studies that reported absolute values of the diagnostic tests in adults with knee OA.
7. Studies that did not test associative hypotheses or that did not provide adequate
information on tested hypotheses (e.g., least square means, relative risk).
8. Case series when the evidence was available from RCTs or controlled observational
studies.
9. Secondary data analyses, nonsystematic reviews, letters, or comments.

We excluded studies that examined drugs as an independent variable, but included them if
existing medications were maintained as constant as possible during the physical therapy
intervention study.

To assess harms of treatments, we followed the recommendations from the Methods Guide
for Effectiveness and Comparative Effectiveness Reviews from AHRQ* and included published
and unpublished evidence of the adverse effects of eligible interventions.

We defined harms as a totality of all possible adverse consequences of an intervention.>* We
analyzed harms regardless of how authors perceived causality of treatments.

We did not contact the primary investigators of the studies. The Scientific Resource Center
requested Scientific Information Packets from appropriate manufacturers per usual procedures.

S

Study Selection

At least two investigators evaluated each study for eligibility according to recommendations
from the Cochrane Handbook for Systematic Reviews of Interventions.* We developed an
algorithm to define study eligibility for each research question. We followed the guidelines to
select evidence from controlled trials and observational studies.*® We defined the target
population, eligible independent and dependent variables, outcomes, time, and setting following
the Population, Intervention, Comparator, Outcome, Timing, and Setting (PICOTS) framework
(Appendix D). Eligible trials enrolled community-dwelling adults with knee OA and reported
pain as an inclusion criterion and/or outcome. Disagreements about the appropriateness of an
article were resolved through discussion.

Eligible interventions fell within the scope of physical therapy practice whether or not the
articles clearly described physical therapists’ or physical therapist assistants’ involvement in a
given study.®” Eligible comparators included sham stimulation, usual care, and no active
treatment for analyses of efficacy, and physical therapy interventions for the analysis of
comparative effectiveness. Eligible patient-centered outcomes included knee pain, disability,
quality of life, perceived health status, and global assessments of treatment effectiveness.
Eligible intermediate outcomes included composite function, joint function, gait function,
strength, and transfers.

To minimize risk of bias and to obtain valid estimates of benefits and harms, we focused on
RCTs. While randomization may distribute the effects of other treatments equally, their impacts
still need to be taken into account. Pain relievers and nonsteroidal anti-inflammatory drugs may
mask the benefits of physical therapy, especially for pain. Thus, we also reviewed observational
studies with multivariate adjustment for concomitant treatments and confounding factors.3? 338

We reviewed the evidence of the efficacy and comparative effectiveness of physical therapy
interventions for knee pain secondary to OA. We defined physical therapy and selected
interventions and methods to assess the outcomes according to the classifications in the Practice
Pattern 4E: Impaired Joint Mobility, Motor Function, Muscle Performance, and Range of Motion



Associated with Localized Inflammation from the American Physical Therapy Association’s
(APTA’s) Guide to Physical Therapist Practice.*’

Data Extraction

We used the standard abstraction form to extract the data. One reviewer abstracted an article
and a second reviewer checked the data for accuracy. We assessed errors in data extractions by
comparing established ranges for each variable and the data charts with the original articles. Any
detected discrepancies were discussed. We abstracted information relevant to the PICOT
framework for each question. We abstracted minimum datasets to reproduce the results presented
by the authors. For categorical variables, we abstracted a number of events among treatment
groups. For continuous variables, we abstracted means and standard deviations.

For RCTs, we abstracted the number randomized to each treatment group as the denominator
and calculated estimates by applying intention-to-treat principles. We abstracted the time when
the outcomes were assessed as weeks from randomization and the time of followup after
treatments. We categorized followup times as less than 6 weeks, 6 to 13 weeks, 14 to 26 weeks,
or more than 26 weeks. For observational studies we extracted relative measures of the
association (relative risk, hazard ratio, odds ratio) with standard error or 95% confidence interval
(C1) and reported adjustments for patient characteristics.

For diagnostic studies we abstracted the number of positive (true and false) and negative
(true and false) with index diagnostic tests when compared with gold standard.

Data abstraction forms are shown in Appendix E and can be found at
https://netfiles.umn.edu/xythoswfs/webui/_xy-20731563_1-t wzpHYghT.

We abstracted sponsorship of the studies and conflict of interest by the authors. We
abstracted baseline patient characteristics, including eligible and mean age; mean body mass
index (BMI); proportion of women and minorities, subjects with disability, severe knee OA,
comorbidities, and/or multi-joint OA; baseline physical activity level; occupation; and
concomitant drug and physical therapy interventions. We abstracted the proportions of patients
taking anti-inflammatory and analgesic medications and the types and doses of the drugs. We
abstracted settings and supervision of treatments by physical therapists. We abstracted type,
dose, length, and intensity of interventions when reported by the authors.

Risk of Bias Assessment

We evaluated risk of bias in the studies according to recommendations from the Methods
Guide for Effectiveness and Comparative Effectiveness Reviews from the Evidence-based
Practice Center Program at AHRQ (www.effectivehealthcare.ahrg.gov)*® and the Cochrane
Handbook for Systematic Reviews of Interventions.*

We classified the studies by design to distinguish randomized and nonrandomized controlled
clinical trials from observational studies. Then we abstracted predefined criteria for critical
appraisal of risk of bias. We evaluated risk of bias with criteria of internal validity. For
interventional studies, we used criteria from the AHRQ Methods Guide® and from the Cochrane
risk of bias tool.*

Risk of bias criteria for therapeutic studies included randomization, adequacy of
randomization and allocation concealment, masking of the outcomes assessment, and intention-
to-treat principles.®® We evaluated disclosure of conflict of interest by the authors of individual
studies and funding sources but did not use this information to downgrade quality of individual



studies. We did not downgrade methodological quality of poorly reported studies; however, we
separately synthesized evidence from these studies.

For observational studies, we evaluated strategies to reduce bias in study design and analysis,
including adjustment for confounding and valid outcome measurements. For diagnostic studies,
we applied the Quality Assessment of Diagnostic Accuracy Studies (QUADAS) criteria.> %

Rather than using a global risk of bias score, we assessed individual risk of bias criteria.

We defined well-designed RCTs with adequate allocation concealment, intention-to-treat
principles in analysis, and adequate randomization as studies with low risk of bias. We defined
RCTs as having medium risk of bias if one risk of bias criterion was not met. We defined RCTs
as having high risk of bias when two or more criteria were not met.

41,42

Applicability

We evaluated applicability with criteria of external validity. We estimated applicability of the
population by evaluating subject selection in observational studies and clinical trials.** Studies of
community-dwelling adults with knee OA recruited from the general population had high
applicability. Large observational cohorts based on national registries, population-based
effectiveness trials, and nationally representative administrative and clinical databases had higher
applicability, as did studies of interventions conducted by physical therapists and studies with
followup times of 3 months, 6 months, or longer.

Data Synthesis

We synthesized and presented the evidence according to the classification of physical therapy
interventions and modalities from APTA’s Guide to Physical Therapist Practice. We summarized
the results into evidence tables (Appendix F).

For categorical variables, we calculated rates, relative risk, and absolute risk differences. For
continuous variables, we calculated mean differences with 95% CI. We also calculated ratios of
means that describe percentage differences in pain with active versus control interventions.** If
we found more than one study from a particular trial, we used the results from the latest
published paper.

We addressed the role of concomitant treatments in association with patient outcomes and
synthesized the evidence according to other nonsurgical treatments for knee OA reported in the
studies. We then compared the effects of the examined physical therapy interventions across the
studies according to the reported proportion of patients taking concomitant drugs and the types of
drugs. We conducted sensitivity and subgroup analyses according to concomitant drug
treatments when the available data were suitable for pooling. Using a standard preplanned
algorithm, we explored heterogeneity by clinical diversity* (age, sex, race, baseline ADL,

IADL, comorbidity, and obesity). We explored heterogeneity by type, dose (when applicable),
duration of treatment, and whether the control treatment included education or exercise. We
performed subgroup analyses by the involvement of a physical therapist for all outcomes with
aerobic or strengthening exercises since other interventions were likely administered by physical
therapists. We performed meta-analyses based on examined physical therapy modalities and their
combinations and using four followup time categories. We conducted subgroup analyses to
examine the association between each physical therapy modality and physical therapy
intervention effect size.

Rather than using the global risk of bias score, we explored heterogeneity by risk of bias
criteria of individual studies and by the disclosed conflict of interest.*> 44



Following guidelines and recommendations from key informants and TEP members, we
focused on patient-centered outcomes including pain, disability, and quality of life.** We
categorized intermediate outcomes as measurements relevant to the practice of physical therapy
such as gait, strength, balance, transfers, endurance, joint function, and composite measure of
function. We synthesized evidence depending on measurements of the outcomes with validated
scales.

We reviewed validity and reliability of the tests within the scope of physical therapy practice.
Evidence of the association between intermediate and patient-centered outcomes was synthesized
from observational studies that adjusted for treatments and confounding factors. We synthesized
evidence from the studies that reported diagnostic values of intermediate outcomes to predict
clinical outcomes. In a separate analysis, we synthesized the evidence of the association between
intermediate and clinical outcomes from linear, logistic, and Cox regression models.

We calculated differences in relative risk and absolute risk from the abstracted events using
Meta-analyst*’ and STATA* software at a 95% CI. We used correction coefficients and forced
intention-to-treat to estimate treatment effects among all randomized patients regardless of the
authors’ exclusion of subjects from the analyses.* We calculated nonstandard mean differences
in continuous variables from the reported means and standard deviations by using Meta-analyst*’
and STATA® software at a 95% CI. We defined magnitude of the effect using Cohen’s criteria
of small, medium, and large effect corresponding to 0-0.5, 0.5-0.8, and >0.8 standardized mean
differences in the units of standard deviations.*® We analyzed the adjusted regression coefficients
with a standard error of association between intermediate and patient-centered outcomes.

Pooling criteria for Key Questions 1 and 3 required that definitions of physical therapy
interventions and outcomes be the same. We grouped different measure instruments within
reasonably similar content and structure with respect to pain, disability, quality of life, and
composite function. We categorized treatments according to the way in which they were defined
and ordered in the Guide to Physical Therapist Practice.>’ To address differences in outcomes
measures, we analyzed all eligible RCTs with the recommended standardization method, instead
of excluding valuable results from eligible RCTs that used different measures of the outcomes.*

We calculated standardized mean differences for different measures of the same outcome
with Cohen and Hedges methods. We back transformed standard mean differences (SMDs) to
mean differences® for disability using EQ-5D, a multi-attribute, preference-based health status
measuring instrument,>* and for quality of life using the 36-1tem Short-Form Health Survey (SF-
36).>? We back transformed SMDs to mean differences using several instruments: for pain we
used the Visual Analog Scale (VAS),> for composite function we used the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) function score, and for gait function we
used walking speed.>® We derived pooled standard deviations of EQ-5D and SF-36 from large
population-based studies of noninstitutionalized adults.”* **** We multiplied the SMDs by the
among-person standard deviation to yield an estimate of the difference in mean outcome scores
(with versus without intervention) on EQ-5D (0.38""), SF-36 (10.9%%), VAS (22 in scale 0 to
100),>* WOMAC physical function (18.5),>* and walking speed (0.2 m/s).>® We categorized
treatment effects by the clinical importance of differences in intermediate outcomes. We used
definitions of MCIDs from published studies and evidence-based reports.>® We categorized the
results from each tested hypothesis as either nonsignificant differences in continuous outcomes,
or as statistically significant with <20, 20-50, or >50 percent differences from the control
interventions.*®

10



We tested consistency in the results by comparing the direction and strength of the
association®” and used Chi square and | square tests to assess heterogeneity in study results.
We explored heterogeneity with meta-regression and sensitivity analysis, and reported the results
from random effects models only.®® We chose the random effects model because it incorporates
in the pooled analysis differences across trials in patient populations, baseline rates of the
outcomes, and definitions of interventions and outcomes.*

We assumed the presence of publication bias and did not use statistical tests for bias (defined
as the tendency to publish positive results).® ©

We used several strategies to reduce study selection bias, including a comprehensive
literature search of published and unpublished evidence in several databases, reference lists of
systematic reviews, proceedings of scientific meetings, contacts with experts for additional
references, and agreement on the eligibility status by several investigators. We examined
publication rates among studies registered in ClinicalTrials.gov that examined physical therapy
interventions in adults with knee osteoarthritis.

The numbers needed to treat to achieve one event of patient-centered outcome were
calculated as reciprocals of the absolute risk differences in rates of outcome events in the active
and control groups.*® ® The number of avoided or excess events (respectively) per population of
1,000 was the difference between the two event rates multiplied by 1,000. We calculated means
and 95% ClI for treatment events per 1,000 treated, multiplying pooled absolute risk difference
by 1,000.%%

For Key Question 2, we summarized results of individual studies in evidence tables to
analyze sensitivity, specificity, predictive values, diagnostic odds ratios, and predictive
likelihood ratios. We focused on the latter.®* ® Ratios of 1 indicated that the tests did not provide
likelihood of accurate diagnosis.®® Ratios of more than 10 provided large and often conclusive
increases in the likelihood of accurate diagnosis.®® We tabulated each article for results of index
diagnostic tests and reference standards. We evaluated validation and the proposed MCIDs in
total scores when this information was available. To judge validity from the studies that reported
correlation coefficients between index and reference methods, we categorized correlation into the
following categories: weak correlation as <20 percent, medium correlation as 20-50 percent,
strong correlation as 50-75 percent, and very strong correlation as >75 percent.*

To answer the question of which intermediate outcomes meet the criteria of surrogates for
patient-centered outcomes, we used Outcome Measures in Rheumatoid Arthritis Clinical Trials
(OMERACT) Criteria for Surrogate Endpoints.>® ¢ We examined whether randomized trials
evaluated the association between intermediate and patient-centered outcomes.®’

58, 59

Grading the Evidence for Each Key Question

We assessed strength of evidence by following the guidelines from AHRQ’s Methods Guide
and the Grading of Recommendations Assessment, Development, and Evaluation (GRADE)
criteria.>” We judged the strength of evidence for each major outcome according to risk of bias,
consistency, directness, and precision.”’

For pooled analyses, we defined overall risk of bias according to most common risk of bias
in individual studies. We focused on direct evidence from head-to-head RCTs. We defined
treatment effects as consistent when statistical heterogeneity was insignificant. We defined
treatment effect estimates as precise when pooled estimates had reasonably narrow 95% Cls and
pooled sample size was greater than 400.% Specifically, because side effects of physical therapy
are rare and not serious, we defined the effect size to be precise if the 95% CI of effect size did
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not include 0. For cases where 95% CI of estimated standardized effect size did include 0, the
95% CI had to be within +£0.5 to be precise enough that we would not miss potential
benefits/harms.

When appropriate, we included dose-response association, presence of confounders that
would diminish an observed effect, or strength of association. We defined magnitude of the
effect using Cohen’s criteria as small, middle, and large effect corresponding to >0.5 and >0.8
standardized mean differences in standard deviation units.*®

We assigned high strength of evidence from low risk of bias RCTs that reported consistent
precise findings for which future research would be very unlikely to change the estimate of
effect. We assigned a moderate strength of evidence if one criterion mentioned above was not
met. We assigned a low strength of evidence if at least two criteria mentioned above were not
met, or evidence was limited to an individual study with low or medium risk of bias; these are
findings for which further research is likely to change the estimate. We defined insufficient
evidence as that limited to an individual study with a high risk of bias. We judged whether the
overall body of available evidence allowed for conclusions that were sufficiently robust and
resistant to bias and errors to inform clinical decisionmaking.*®

We followed the criteria of the United States Preventive Services Task Force in assessing
strength of evidence from observational studies that examined the association between patient-
centered and intermediate outcomes.®

We graded the strength of evidence for primary outcomes across therapeutic studies as
illustrated in Table 2.

Table 2. Strength of evidence for primary outcomes across therapeutic studies

Grade Definition Operationalization
High confidence that the evidence reflects the true . . . -
. . . Low risk of bias, consistency, precision,
High effect. Further research is very unlikely to change our . :
; . . and, when appropriate, large effect size.
confidence in the estimate of effect.
Moderate confidence that the evidence reflects the true N .
: . If one criterion mentioned above was not
Moderate effect. Further research may change our confidence in
. : met.
the estimate of effect and may change the estimate.
Low confidence that the evidence reflects the true If at least two criteria mentioned above
Low effect. Further research is likely to change the were not met or evidence is limited to an
confidence in the estimate of effect and is likely to individual study that is low or medium risk
change the estimate. of bhias.
Evidence is limited to an individual study
Insufficient Evidence does not permit a conclusion. with high risk of bias. No studies provided
evidence.
Applicability

We estimated applicability of the population by evaluating subject selection in observational
studies and clinical trials.*® Studies of community-dwelling adults with knee OA recruited from
the general population had high applicability. Large observational cohorts based on national
registries, population-based effectiveness trials, and nationally representative administrative and
clinical databases had higher applicability, as did studies of interventions conducted by physical
therapists and studies with followup times of 3 months, 6 months, or longer.
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Results

Of 4,266 identified references, we included 576 references for this review. We excluded
1,258 references (Appendix B).

Detailed evidence tables with all included studies can be found at
https://netfiles.umn.edu/xythoswfs/webui/_xy-20731563_1-t wzpHYqhT. Eligible references
included published results from individual studies, abstracts presented in scientific meetings, and
FDA statistical reviews of several studies (Appendix Table F1). Our search of
www.clinicaltrials.gov for completed studies identified 18 publications of 69 relevant studies (26
percent publication rate) (Appendix Table F2). We received no response from manufacturers of
physical therapy equipment in response to our requests for scientific information packages
(Appendix Table F3).

Key Question 1. What are the effectiveness and comparative effectiveness
of available physical therapy interventions (without drug treatment) for adult
patients with chronic knee pain due to OA on intermediate and patient-
centered outcomes when compared to no active treatment or another
active physical therapy modality?

For Key Questions 1 and 3, we synthesized evidence from 422 references. We calculated
treatment effect from 261 references and qualitatively analyzed 161 studies (Appendix Table
F4). We evaluated risk of bias and treatment effects but ultimately did not pool the results from
RCTs of adults with knee or hip OA that failed to report those outcomes separately (Appendix
Table F5). Finally, 212 eligible articles of 193 RCTs contributed to our conclusions, while only
84 RCTs met pooling criteria and were included into meta-analyses.

Most, but not all, studies reported consent of the subjects and ethical approval (Appendix
Table F6). Almost half of the studies did not report a funding source; 17 were sponsored
exclusively by industry. The studies recruited an average of 103 (standard deviation 110) adults
(Appendix Table F7).

Most RCTs had medium risk of bias (55 percent). We could not evaluate risk of bias in
poorly reported studies (Appendix Table F6). Most frequently, high risk of bias was due to
exclusion of patients from the analyses and differences among treatment groups at baseline
(inadequate randomization) (Appendix Table F8).

The studies overall had good applicability to our target population because they primarily
recruited older adults with knee OA. On average, women constituted more than 70 percent of the
participants. BMI of participants averaged at 29+3kg/m? (Appendix Table F7). Most studies did
not report race of participants (Appendix Table F9). Adults in 100 RCTs were taking anti-
inflammatory drugs or pain relievers. Half of the studies provided no information about exact
pharmacologic treatments. Most studies did not report participants’ occupation, knee injury,
comorbidity, duration of condition, or the proportion of subjects with baseline disability. Few
studies explicitly stated that they excluded patients with prior knee surgery (Appendix Table F9).
Most studies did not report the proportion of patients who had undergone surgery.

For two reasons, we concluded that the studies overall had low applicability to the actual
practice of physical therapy. First, most examined an isolated intervention, which is inconsistent
with recommended delivery of combined physical therapy modalities. Second, many of the
interventions studied were physical agents/modalities (i.e., orthotics, ultrasound, taping, etc.).
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This also contradicts the recommended practice of physical therapy, in which physical
agents/modalities are infrequently used in isolation, but rather combined with other more
“active” interventions (i.e., exercises).

Among the studies for pooled analyses, electrical stimulation, strength exercise, and aerobic
exercise were the most frequently studied treatments (Appendix Table F10). Outcomes were
categorized by comparisons, domains of outcomes, and followup times. The actual instruments
used for pain, disability, quality of life, and composite function are presented in Appendix Table
F11. Definitions of physical therapy interventions and outcomes varied dramatically among
studies; thus, only a small proportion of comparisons met pooling criteria. We prioritized pooled
analyses and results at longest time of followup over nonpooled results and short followups
(Appendix Table F12).

Effectiveness of Physical Therapy Interventions

We found very few statistically significant differences in outcomes between active and
control treatments. Table A in the Executive Summary shows how many studies examined each
outcome, estimated effect sizes, and our level of confidence that the evidence reflects the true
effect of the treatment and that the estimate is unlikely to be changed by future research
(Appendix Table F13). No single physical therapy intervention improved all outcomes (Table 3).
Individual small RCTs may fail to show statistically significant effects due to low statistical
power.

Pooled analyses provided low-strength evidence that aerobic and aquatic exercise improved
disability measures; aerobic exercise, strengthening exercise, and ultrasound reduced pain and
improved function; at short- but not long-term followup, proprioception exercise reduced pain
and Tai Chi improved function (Table 4). We observed no benefits from specific education
programs, diathermy, orthotics, or magnetic stimulation. Individual (nonpooled) RCTs failed to
show consistent statistically significant, strong, or clinically important changes in outcomes
(Appendix Table F14). Strength of evidence was downgraded due to study risk of bias and
heterogeneity in populations, treatments, and definitions of outcomes.

Specific Education Programs

We synthesized evidence from five RCTs; two RCTs with 511 participants contributed to
the pooled analyses at the longest time of followup. The results of three articles from two RCTs
that examined the effects of specific education programs provided low-strength evidence of no
statistically significant effect on pain relief.”> "

70-74

Aerobic Exercises

We synthesized evidence from 22 RCTs;®"* %2 11 RCTs with 1,553 participants
contributed to the pooled analyses at the longest time of followup.”®"3 76 80.82:8. 9192 \yse foynd
low-strength evidence that aerobic exercise resulted in statistically significant improvement in
long-term pain’® " 828488 and disability”" 82®* but not psychological disability” ®® ® or health
perception.”* ® 8 Within 3 months, aerobic exercise also improved composite function®®’ and
gait function.” © 78.80.85.87.90 At 19 months the benefits of aerobic exercise continued for gait
function®* *! but not for composite function.’® 8 8¢

Magnitude of the effect was generally consistent across the studies, although a few did show
statistically significant heterogeneity in pooled estimates. We conducted a meta-regression
analysis exploring heterogeneity in pain relief after about 3 months of aerobic exercise compared
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Table 3. Outcomes with physical therapy interventions from randomized controlled clinical trials,
pooled with random effects models standardized mean differences—using standard deviations as
units of the differences

Cohen
Outcome (Sortfedhby domized Trials: Standard Mean Difference
Treatment Importance of the Randomized Trials; (95% Cl)
Outcomes); Subjects Hed SMD h
Weeks of Followup (Hedges D not st °.W“)
Heterogeneity Statistics
Efficacy
Education proaram | Pain Studies: 30 ™ 0.091 (-0.423, 0.604)
prog 6-13 weeks Subjects: 429 I-squared=0.826, p-value=0.001
Education broaram Pain Studies: 2777 -0.09 (-0.318, 0.138)
prog >26 weeks Subjects: 511 I-squared=0.415, p-value=0.181
Aerobic exercise Pain Studies: 2% 8 -1.00 (-2.25, 0.25)
<6 weeks Subjects: 137 I-squared=0.926, p=0
f . 70, 73,76-82, 85, 86,
: . Pain Sudies: 12 -0.326 (-0.567, -0.085)
Aerobic exercise 6-13 weeks I-squared=0.752, p=0
Subjects: 1242 T
Aerobic exercise Pain Studies; 67> 788188 -0.063 (-0.187, 0.062)
14-26 weeks Subjects: 953 I-squared=0.828, p=0
Aerobic exercise Pain Studies: 672 7382848683 -0.211 (-0.346, -0.075)
>26 weeks Subjects: 1221 I-squared=0.284, p-value=0.211
Aerobic exercise Disability Studies: 2™ 7® -1.737 (-3.359, -0.114)
<6 weeks Subjects: 117 I-squared=0.899, p=0.002
Aerobic exercise Disability Studies: 870> 77. 7082 -0.46 (-0.963, 0.044)
6-13 weeks Subjects: 739 I-squared=0.9, p-value=0
Aerobic exercise Disability Studies: 25 ¥ 0.124 (-0.112, 0.36)
14-26 weeks Subjects: 277 I-squared=0, p-value=0.57
Aerobic exercise Disability Studies: 47828 -0.208 (-0.372, -0.043)
>26 weeks Subjects: 806 I-squared=0.255, p-value=0.252

Aerobic exercise

Psychological disability
6-13 weeks

Studies: 40 8.8
Subjects: 271

-0.687 (-1.473,0.1)
I-squared=0.873, p-value=0

Aerobic exercise

Health perception

Studies: 27® %

-1.415 (-3.152, 0.322)

6-13 weeks Subjects: 62 I-squared=0.889, p-value=0.003
Aerobic exercise Health perception Studies: 3™ %% -0.038 (-0.211, 0.135)

>26 weeks Subjects: 513 I-squared=0, p-value=0.466
Aerobic exercise Function composite Studies: 3%% -0.841 (-1.358, -0.325)

6-13 weeks Subjects: 351 I-squared=0.785, p-value=0.003
Aerobic exercise Function composite Studies: 372 %% -0.182 (-0.444, 0.08)

>26 weeks Subjects: 826 I-squared=0.717, p-value=0.014
Aerobic exercise Gait function Studies; 37678 -0.382 (-0.629, -0.134)

<6 weeks Subjects: 220 I-squared=0, p-value=0.542

Aerobic exercise

Gait function
6-13 weeks

Studies: 875, 76,78, 80, 85, 87, 89,

90
Subjects: 632

-0.575 (-0.756, -0.393)
I-squared=0.271, p-value=0.194

Aerobic exercise

Gait function

Studies; 37> 8%

-0.445 (-0.624, -0.267)

14-26 weeks Subjects: 459 I-squared=0, p-value=0.811
Aerobic exercise Gait function Studies: 2% % -0.558 (-0.862, -0.254)

>26 weeks Subjects: 609 I-squared=0.7, p=0.036
Aquatic eercise Pain Studies: 2% % -0.25 (-0.646, 0.147)

6-13 weeks Subjects: 99 I-squared=0, p=0.376
Aquatic exercise Pain Studies: 2% -0.168 (-0.394, 0.058)

14-26 weeks Subjects: 303 I-squared=0, p-value=0.34
Aquatic eercise Disability Studies: 2% % 0.065 (-0.364, 0.495)

6-13 weeks Subjects: 99 I-squared=0.15, p=0.278
Aquatic exercise Disability Studies: 2% % -0.281 (-0.507, -0.054)

14-26 weeks Subjects: 303 I-squared=0, p-value=0.511
Aquatic eercise Function composite Studies: 2% ® -0.034 (-0.52, 0.452)

6-13 weeks Subjects: 99 I-squared=0.33, p=0.22

15




Table 3. Outcomes with physical therapy interventions from randomized controlled clinical
trials, pooled with random effects models standardized mean differences—using standard
deviations as units of the differences (continued)

Treatment

Outcome (Sorted by

Importance of the
Outcomes);
Weeks of Followup

Randomized Trials;

Subjects

Cohen
Standard Mean Difference
(95% ClI)
(Hedges SMD not shown)
Heterogeneity Statistics

Efficacy (continued)
Aquatic exercise QL Studies: 2% % -0.098 (-0.323, 0.128)
14-26 weeks Subjects: 303 I-squared=0, p-value=0.953

] ] Studies: 1394, 96-98, 100-104, 106,
Strengthening Pain 108, 109 -0.64 (-0.886, -0.394)
exercise 6-13 weeks Subjects: 1404 I-squared=0.782, p-value=0
Strengthening Pain Studies: 4% 979105 -0.348 (-0.518, -0.179)
exercise 14-26 weeks Subjects: 592 I-squared=0.049, p-value=0.379

. . Studies: 3% 91
Strengthening Pain . ; -0.688 (-1.239, -0.137)

s Subjects: 786 (885 - _
exercise >26 weeks knees) I-squared=0.937, p-value=0
Strengthening Disability Studies: 4°% %% -0.083 (-0.513, 0.347)
exercise 6-13 weeks Subjects: 606 I-squared=0.78, p-value=0.004
Strengthening Disability Studies: 3% "% -0.187 (-0.364, -0.009)
exercise 14-26 weeks Subjects: 490 I-squared=0, p-value=0.941
Strengthening Disability Studies: 2% % -0.158 (-0.478, 0.162)
exercise >26 weeks Subjects: 687 I-squared=0.775, p-value=0.035
Strengthening QL Studies: 2°+*® -0.324 (-0.72, 0.071)
exercise 6-13 weeks Subjects: 194 I-squared=0.397, p-value=0.198
Strengthening Function composite Studies: 6%+ 100104 -0.85 (-1.138, -0.562)
exercise 6-13 weeks Subjects: 521 I-squared=0.65, p-value=0.004
Strengthening Function composite Studies: 3%%41% -0.355 (-0.613, -0.097)
exercise 14-26 weeks Subjects: 200 I-squared=0, p-value=0.89
Strengthening Function composite Studies: 251 -1.012 (-1.971, -0.053)
exercise >26 weeks Subjects: 394 I-squared=0.932, p-value=0
Strengthening Gait function Studies: 9°" 100-103, 106-109 -0.479 (-0.797, -0.161)
exercise 6-13 weeks Subjects: 958 I-squared=0.784, p-value=0
Strengthening Gait function Studies: 2°1% -0.464 (-0.841, -0.087)
exercise 14-26 weeks Subjects: 494 I-squared=0.664, p-value=0.051
Strengthening Gait function Studies: 289 -0.392 (-0.586, -0.198)
exercise >26 weeks Subjects: 687 I-squared=0.388, p-value=0.201
Tai chi Pain Studies: 2™ 12 -0.416 (-0.858, 0.027)

6-13 weeks Subjects: 85 I-squared=0, p-value=0.716
Tai chi Disability Studies: 2™ 12 -0.244 (-0.684, 0.195)

6-13 weeks Subjects: 85 I-squared=0, p-value=0.483
Tai chi Disability Studies: 21113 -0.269 (-0.954, 0.416)

14-26 weeks Subjects: 123 I-squared=0.697, p-value=0.069
Tai chi Function composite Studies: 2111112 -0.447 (-0.89, -0.005)

6-13 weeks Subjects: 85 I-squared=0, p-value=0.937
Tai chi Function joint Studies: 2112 -0.077 (-0.515, 0.361)

6-13 weeks Subjects: 85 I-squared=0, p-value=0.661

] ] . StUdies: 3100, 104,114
Proprioception Pain Subjects: 198 (264 -0.716 (-1.315, -0.116)
exercise 6-13 weeks ’ I-squared=0.811, p-value=0.005

knees)

Proprioception

Function composite

Studies: 3100, 104,114

-1.68(-2.659, 0.402)

exercise 6-13 weeks Subjects: 198 I-squared=0.955, p=0
Proprioception Gait function Studies: 3'00 14115 -0.973 (-2.039, 0.093)
exercise 6-13 weeks Subjects: 181 I-squared=0.909, p=0
Massage Function composite Studies: 2l I -0.566 (-0.946, -0.187)

6-13 weeks Subjects: 94 I-squared=0, p=0.703
Orthotics Function composite Studies: 2% 1% -0.583 (-1.191, 0.024)

<6 weeks

Subjects: 138

I-squared=0.75, p=0.07
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Table 3. Outcomes with physical therapy interventions from randomized controlled clinical
trials, pooled with random effects models standardized mean differences—using standard
deviations as units of the differences (continued)

Cohen
Outcome (Sorted by . . Standard Mean Difference
Treatment Importance of'the Randomlged Trials; (95% CI)
Outcomes); Subjects d SMD not shown
Weeks of Followup (Hedges : L )
Heterogeneity Statistics
Efficacy (continued)
Orthotics Gait function Studies: 41T -0.009 (-0.22, 0.203)
<6 weeks Subjects: 101 I-squared=0, p=1
Elastic subtalar Function composite Studies: 31! -0.276 (-0.528, -0.025)
strapping 6-13 weeks Subjects: 246 I-squared=0, p-value=0.546
E-stim Pain Studies: 7L BT 10,741 (-1.025, -0.456)
<6 weeks Subjects: 301 I-squared=0.339, p-value=0.119
E-stim Pain Studies: 7%01%2 147,190, 152 -0.086 (-0.311, 0.14)
6-13 weeks Subjects: 304 I-squared=0, p-value=0.752
E-stim Pain Studies: 21152 0.585 (0.087, 1.082)
14-26 weeks Subjects: 76 I-squared=0.136, p-value=0.282
E-stim Disability Studies: 21 # -0.275 (-0.687, 0.138)
6-13 weeks Subjects: 98 I-squared=0, p-value=0.958
E-stim Global assessment Studies: 2201 -0.43 (-0.862, -0.006)
6-13 weeks Subjects: 98 I-squared=0, p-value=0.373
E-stim Function composite Studies: 3% -0.083 (-0.426, 0.26)
6-13 weeks Subjects: 138 I-squared=0, p-value=0.608
E-stim Function joint Studies: 2% %3 -0.256 (-0.616, 0.103)
<6 weeks Subjects: 100 I-squared=0, p-value=0.81
E-stim Function joint Studies: 21 ¥ -0.294 (-0.707, 0.119)
6-13 weeks Subjects: 98 I-squared=0, p-value=1
E-stim Gait function Studies: 407 144146 -0.19 (-0.697, 0.317)
<6 weeks Subjects: 191 I-squared=0.68, p-value=0.008
E-stim Gait function Studies: 377 #2147 0.065 (-0.225, 0.355)
6-13 weeks Subjects: 164 I-squared=0, p-value=0.743
E-stim Strength, 120 degree Studies: 22 ¥ -0.416 (-0.843, 0.011)
extension, 6-13 weeks Subjects: 118 I-squared=0.26, p-value=0.259
E-stim Strength, 60 degree Studies: 2107 1% -0.56 (-0.894, -0.227)
extension, 2 weeks Subjects: 146 I-squared=0, p-value=0.427
PEMF Pain Studies: 2;°% ™ 0.013 (-0.417, 0.442)
<6 weeks Subjects: 145 I-squared=0.396, p=0.198
PEME Function composite Studies: 2% -0.127 (-0.607, 0.354)
<6 weeks Subjects: 145 I-squared=0.513, p=0.152
Ultrasound Pain Studies: 2160 161 -0.539 (-1.051, -0.027)
<6 weeks Subjects: %‘?7158 — I-squared=0.669, p-value=0.049
Ultrasound Pain ghub?:eecst:séZN (360 -0.52 (-0.85, -0.19)
6-13 weeks knees) ' I-squared=0.617, p-value=0.034
. Studies: 21 1819
Pain . ‘ -0.744 (-0.952, -0.536)
Ultrasound >26 weeks Erl::ézt):ts' 160 (320 I-squared=0, p-value=0.466
Ultrasound Disability Studies: 2% -0.392 (-0.803, 0.018)
<6 weeks Subjects: 157 I-squared=0.496, p-value=0.138
Ultrasound Function composite Studies: 4% 138 159,162 -0.61 (-1.411, 0.024)
6-13 weeks Subjects: 227 I-squared=0.892, p-value=0
Ultrasound Function composite Studies: 255 % -1.154 (-1.613, -0.695)
>26 weeks Subjects: 160 I-squared=0.545, p-value=0.111
Ultrasound Gait function Studies: 21 ¥ -0.542 (-1.341, 0.258)
<6 weeks Subjects: 157 I-squared=0.861, p-value=0.001
Ultrasound Gait function Studies: 4% 138 159,162 -1.139 (-2.11, -0.168)
6-13 weeks Subjects: 227 I-squared=0.915, p-value=0
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Table 3. Outcomes with physical therapy interventions from randomized controlled clinical
trials, pooled with random effects models standardized mean differences—using standard
deviations as units of the differences (continued)

Cohen
Outcome (Sortfedhby domized Trials: Standard Mean Difference
Treatment Importance of the Randomized Trials; (95% Cl)
Outcomes); Subjects Hed SMD h
Weeks of Followup (Hedges D not st °.W“)
Heterogeneity Statistics
Efficacy (continued)
Ultrasound Gait function Studies: 2% -1.503 (-2.111, -0.896)
>26 weeks Subjects: 160 I-squared=0.711, p-value=0.031
Diatherm Disability Studies: 47T -0.216 (-0.456, 0.025)
y <6 weeks Subjects: 259 I-squared=0.139, p-value=0.324
Diatherm Disability Studies: 2% % -0.046 (-0.342, 0.251)
y 6-13 weeks Subjects: 143 I-squared=0, p=0.667
Diatherm Pain Studies: 431 -0.541 (-0.978, -0.104)
y <6 weeks Subjects: 259 I-squared=0.716, p-value=0.002
Diatherm Pain Studies: 3% 1% 16> -0.007 (-0.274, 0.26)
y 6-13 weeks Subjects: 183 I-squared=0, p-value=0.962
Diatherm Function composite Studies: 3%+ -0.475 (-0.964, 0.014)
y <6 weeks Subjects: 229 I-squared=0.756, p-value=0.003
Diatherm Function composite Studies: 3% 0.007 (-0.26, 0.273)
y 6-13 weeks Subjects: 183 I-squared=0, p-value=0.998
Diatherm Function joint Studies: 215 0.197 (-0.104, 0.499)
y <6 weeks Subjects: 143 I-squared=0.026, p=0.358
Diatherm Function joint Studies: 2% 0.162 (-0.134, 0.459)
y 6-13 weeks Subjects: 143 I-squared=0, p=0.871
Diatherm Gait function Studies: 303 -0.096 (-0.364, 0.171)
y <6 weeks Subjects: 173 I-squared=0, p-value=0.949
Diatherm Gait function Studies: 3%% 1416 -0.138 (-0.406, 0.129)
y 6-13 weeks Subjects: 183 I-squared=0, p-value=0.934
Comparative Effectiveness
Aquatic exercise vs. | Pain Studies: 273 -0.447 (-1.245, 0.35)
aerobic exercise 6-13 weeks Subjects: 110 I-squared=0.762, p-value=0.04
h:ﬁz::y &Se' daed Function composite Studies: 213+ 7 -0.005 (-0.257, 0.246)
insole y 9 6-13 weeks Subjects: 383 I-squared=0.516, p-value=0.083
E-stim vs. exercise Pain Studies: 2" -1.298 (-2.992, 0.396)
) <6 weeks Subjects: 81 I-squared=0.913, p=0.001
E-stim vs. exercise | Cait function Studies: 27" 17 0.198 (-1.181, 1.577)
) <6 weeks Subjects: 81 I-squared=0.888, p=0.003

ClI = confidence interval; E-stim = electrical stimulation; QL= quality of life; PEMF = pulsed electromagnetic fields; SMD =

standard mean differences

Note: Bold indicates statistically significant changes when 95%CI do not include 0.
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Table 4. Narrative evidence summary of effectiveness of physical therapy interventions for knee osteoarthritis

Comparison Outcomes at the Longest Time of Followup Conclusions/Strength of Evidence
Pain/studies=2, subjects=511 An education program did not improve pain measures/Low
Disability/studies=1, subjects=72 An education program did not improve disability measures/Low
Psychological disability/studies=1, subjects=316 An education program did not improve psychological disability measures/Low
Health perception/studies=1, subjects=316 An education program improved health perception measures/Low
Education program Composite function/studies=1, subjects=316 An education program did not improve composite function measures/Low
Gait function/studies=1, subjects=316 An education program did not improve gait function measures/Low

An education program improved health perception measures (L) but did not
improve pain (L), disability (L), psychological disability (L), gait (L) and
composite measures of function (L)

Pain/studies=6, subjects=1,221 Aerobic exercises improved pain measures/Low

Disability/studies=4, subjects=806 Aerobic exercises improved disability measures/Low

Psychological disability/studies=4, subjects=271 Aerobic exercises did not improve psychological disability measures/Low

Global assessment/studies=1, subjects=217 Aerobic exercises did not improve global assessment measures/Low

Health perception/studies=3, subjects=513 Aerobic exercises did not improve health perception measures/Low

Composite function/studies=3, subjects=826 Aerobic exercises did not improve composite function measures/Low
Aerobic exercises Joint function/studies=1, subjects=28 Aerobic exercises did not improve joint function measures/Low

Gait function/studies=2, subjects=609 Aerobic exercises improved gait function measures/Low

Transfer function/studies=1, subjects=293 Aerobic exercises improved transfer function measures/Low

Aerobic exercises improved pain (L), disability (L), gait (L), and transfer (L)

measures of function but did not improve psychological disability (L), global
assessment (L), health perception (L), joint (L), and composite measures of
function (L)

Pain/studies=2, subjects=303 Aquatic exercises did not improve pain measures/Low

Disability/studies=2, subjects=303 Aquatic exercises improved disability measures/Low

Psychological disability/studies=1, subjects=249 Aquatic exercises did not improve psychological disability measures/Low
Aquatic exercises Quality of life/studies=2, subjects=303 Aquatic exercises did not improve quality of life measures/Low

Composite function/studies=1, subjects=45 Aquatic exercises did not improve composite function measures/Low

Aquatic exercises improved disability (L) but did not improve pain (L),
psychological disability(L), quality of life (L), and composite measures of
function (L)
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Table 4. Narrative evidence summary of effectiveness of physical therapy interventions for knee osteoarthritis (continued)

Comparison

Outcomes at the Longest Time of Followup

Conclusions/Strength of Evidence

Strengthening

Pain/studies=3, subjects=786 (885 knees)

Strengthening exercises improved pain measures/Low

Disability/studies=2, subjects=687

Strengthening exercises did not improve disability measures/Low

Psychological disability/studies=1, subjects=46

Strengthening exercises improved psychological disability measures/Low

Global assessment/studies=1, subjects=68

Strengthening exercises improved global assessment measures/Low

Health perception/studies=1, subjects=46

Strengthening exercises did not improve health perception measures/Low

Quality of life/studies=2, subjects=194

Strengthening exercises did not improve quality of life measures/Low

Composite function/studies=2, subjects=394

Strengthening exercises improved composite function measures/Low

exercises Joint function/studies=1, subjects=105 Strengthening exercises did not improve joint function measures/Low
Gait function/studies=2, subjects=687 Strengthening exercises improved gait function measures/Low
Transfer function/studies=1, subjects=295 Strengthening exercises improved transfer function measures/Low
Strengthening exercises improved pain (L), psychological disability (L),
global assessment (L), gait (L), transfer (L), and composite (L) function
measures but did not improve disability (L), health perception (L), quality of
life (L), and joint (L) function
Pain/studies=2, subjects=85 Tai Chi did not improve pain measures/Low
Disability/studies=2, subjects=123 Tai Chi did not improve disability measures/Low
Psychological disability/studies=1, subjects=44 Tai Chi improved psychological disability measures/Low
QOL/studies=1, subjects=44 Tai Chi did not improve quality of life measures/Low
Tai Chi Composite function/studies=2, subjects=85 Tai Chi improved composite function measures/Low

Joint function/studies=2, subjects=85

Tai Chi did not improve joint function measures/Low

Gait function/studies=1, subjects=44

Tai Chi did not improve gait function measures/Low

Tai Chi improved psychological disability (L) and composite (L) function
measures, but did not improve pain (L), disability (L), quality of life (L), gait
(L), and joint (L) function measures

Proprioception

Pain/studies=3, subjects=198 (264 knees)

Proprioception exercises improved pain measures/Low

Composite function/studies=3, subjects=198

Proprioception exercises did not improve composite function measures/Low

Gait function/studies=3, subjects=181

Proprioception exercises did not improve gait function measures/Low

exercises Proprioception exercises improved pain (L) but did not improve gait (L) and
composite measures of function (L)
Disability/studies=1, subjects=68 Massage improved disability measures/Low
Composite function/studies=2, subjects=94 Massage improved composite function measures/Low
Massage Joint function/studies=1, subjects=68 Massage improved joint function measures/Low

Gait function/studies=1, subjects=68

Massage improved gait function measures/Low

Massage improved disability (L), joint (L), gait (L) and composite (L) function
measures
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Table 4. Narrative evidence summary of effectiveness of physical therapy interventions for knee osteoarthritis (continued)

Comparison

Outcomes at the Longest Time of Followup

Conclusions/Strength of Evidence

Joint mobilization

Pain/studies=1, subjects=43

Joint mobilization did not improve pain measures/Low

Disability/studies=1, subjects=43

Joint mobilization improved disability measures/Low

Global assessment/studies=1, subjects=43

Joint mobilization improved global assessment measures/Low

Gait function/studies=1, subjects=40

Joint mobilization did not improve gait function measures/Low

Joint mobilization improved disability (L) and global assessment (L), but did
not improve pain (L) and gait function measures (L)

Joint mobilization
with exercise

Disability/studies=1, subjects=134

Joint mobilization with exercise improved disability measures/Low

Gait function/studies=1, subjects=134

Joint mobilization with exercise did not improve gait function measures/Low

Joint mobilization with exercise improved disability (L) but did not improve
gait (L) function measures

Orthotics

Pain/studies=1, subjects=57

Orthotics improved pain measures/Low

Disability/studies=1, subjects=57

Orthotics improved disability measures/Low

Psychological disability/studies=1, subjects=57

Orthotics improved psychological disability measures/Low

Global assessment/studies=1, subjects=125

Orthotics did not improve global assessment measures/Low

QOL/studies=1, subjects=57

Orthotics improved quality of life measures/Low

Composite function/studies=2, subjects=138

Orthotics did not improve composite function measures/Low

Joint function/studies=1, subjects=57

Orthotics improved joint function measures/Low

Gait function/studies=4, subjects=101

Orthotics did not improve gait function measures/Low

Orthotics improved pain (L), disability (L), psychological disability (L), quality
of life (L), and joint (L) measures but did not improve global assessment (1),
gait (L) and composite (L) function measures

Elastic subtalar

Composite function/studies=3, subjects=246

Elastic subtalar strapping improved composite function measures/Low

strapping
Pain/studies=1, subjects=58 Taping did not improve pain measures/Low
Disability/studies=1, subjects=58 Taping did not improve disability measures/Low

Taping Composite function/studies=1, subjects=58 Taping did not improve composite function measures/Low

Gait function/studies=1, subjects=18

Taping did not improve gait function measures/Low

Taping did not improve pain (L), disability (L), gait (L) and composite (L)
function measures
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Table 4. Narrative evidence summary of effectiveness of physical therapy interventions for knee osteoarthritis (continued)

Comparison

Outcomes at the Longest Time of Followup

Conclusions/Strength of Evidence

Pain/studies=2, subjects=76

E-stim worsened pain measures/Low

Disability/studies=2, subjects=98

E-stim did not improve disability measures/Moderate

Global assessment/studies=2, subjects=98

E-stim improved global assessment measures/Low

Health perception/studies=1, subjects=40

E-stim did not improve health perception measures/Low

Composite function/studies=3, subjects=138

E-stim did not improve composite function measures/Low

Joint function/studies=2, subjects=98

E-stim did not improve joint function measures/Moderate

E-stim Gait function/studies=3, subjects=164 E-stim did not improve gait function measures/Low
Strength/studies=2, subjects=146 E-stim improved strength measures/Low
Transfer function/studies=1, subjects=38 E-stim did not improve transfer function measures/Low
E-stim improved global assessment (L) and strength (L) measures, but
worsened pain (L), and did not improve disability (M), health perception (L),
and gait (L), joint (M), transfer (L), and composite (L) function measures,
Pain/studies=2, subjects=145 PEMF did not improve pain measures/Moderate
Disability/studies=1, subjects=86 PEMF did not improve disability measures/Low
Global assessment/studies=1, subjects=36 PEMF improved global assessment measures/Low
PEMF Composite function/studies=2, subjects=145 PEMF did not improve composite function measures/Moderate
Joint function/studies=1, subjects=90 PEMF did not improve joint function measures/Low
Gait function/studies=1, subjects=36 PEMF did not improve gait function measures/Low
PEMF improved global assessment (L) but did not improve pain (M),
disability (L), and gait (L), joint (L) and composite (M) function measures
Pain/studies=2, subjects=160 (320 joints) Ultrasound improved pain measures/Low
Disability/studies=2, subjects=157 Ultrasound did not improve disability measures/Low
Composite function/studies=2, subjects=160 Ultrasound improved composite function measures/Low
Ultrasound Joint function/studies=1, subjects=67 Ultrasound did not improve joint function measures/Low

Gait function/studies=2, subjects=160

Ultrasound improved gait function measures/Low

Ultrasound improved pain (L), gait (L) and composite (L) function measures
but did not improve disability (L), and joint function measures (L)
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Table 4. Narrative evidence summary of effectiveness of physical therapy interventions for knee osteoarthritis (continued)

Comparison

Outcomes at the Longest Time of Followup

Conclusions/Strength of Evidence

Pain/studies=3, subjects=183

Diathermy did not improve pain measures/Low

Disability/studies=2, subjects=143

Diathermy did not improve disability measures/Low

Psychological disability/studies=1, subjects=40

Diathermy did not improve psychological disability measures/Low

Global assessment/studies=1,subjects=113

Diathermy did not improve global assessment measures/Low

Health perception/studies=1, subjects=40

Diathermy did not improve health perception measures/Low

Quality of life/studies=1, subjects=55

Diathermy did not improve quality of life/Low

Diathermy Composite function/studies=3, subjects=183 Diathermy did not improve composite function measures/Low
Joint function/studies=2, subjects=143 Diathermy did not improve joint function measures/Low
Gait function/studies=3, subjects=183 Diathermy did not improve gait function measures/Low
Diathermy did not improve pain (L), disability (L), psychological disability (L),
global assessment (L), health perception (L), quality of life (L), and joint (L),
gait (L) and composite (L) function measures
Disability/studies=1, subjects=34 Heat improved disability measures/Low
Quality of life/studies=1, subjects=34 Heat improved quality of life measures/Low
Composite function/studies=1, subjects=52 Heat did not improve composite function measures/Low
Heat Gait function/studies=1, subjects=40 Heat did not improve gait function measures/Low
Pain/studies=1, subjects=34 Heat did not improve pain measures/Low
Joint function/studies=1, subjects=52 Heat did not improve joint function measures/Low
Heat improved disability (L) and quality of life (L), but did not improve pain
(L), gait (L), joint (L) and composite (L) function measures
Disability/studies=1, subjects=34 Cryotherapy did not improve disability measures/Low
Quality of life/studies=1, subjects=34 Cryotherapy did not improve quality of life measures/Low
Cryotherapy Composite function/studies=1, subjects=34 Cryotherapy did not improve composite function measures/Low

Cryotherapy did not improve disability (L), quality of life (L), and composite
function measures (L)

E-stim = electrical stimulation; PEMF = pulsed electromagnetic fields; QOL =quality of life

Note: Bold indicates findings with moderate or high strength of evidence. Strength of evidence as L = low; M = moderate; | = insufficient; Strength of evidence was determined

according to four domains. (risk of bias, directness, consistency, and precision)
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with placebo. We found no factor that could have consistently modified physical therapy effects
(Appendix Table F15). Pain relief around 3 months was consistent in RCTs that reported aerobic
exercise under supervision by a physical therapist (Appendix Table F16). By contrast,
improvement in composite function 3 months after aerobic exercise was larger in RCTs that
reported no physical therapist supervision (Appendix Table F17). A single RCT examined the
effects of manual therapy combined with a standardized knee exercise program in the clinic and
at home, and found statistically and clinically significant improvements in WOMAC total score
and gait function.”

Aquatic Exercises

Evidence from three RCTs with 348 participants contributed to the pooled analyses at the
longest time of followup.***® These RCTs examined the effects of aquatic exercise. Two studies
showed low-strength evidence that aquatic exercise reduced disability, but had no statistically
significant effects on pain relief or quality of life.**

Strengthening Exercises

We synthesized evidence from seventeen RCTs;®* % %119 hine RCTs with 1,982 participants
contributed to the pooled analyses at the longest time of followup.33 88 94 97-99,104-106

Strengthening exercise had no statistically significant effect on disability (low-strength
evidence).?* ® However, we observed sustained improvement in pain relief, composite function,
and gait function at 3 months through more than 12 months followup.®* ** %1% | ow-strength
evidence demonstrated that strengthening exercise did not improve quality of life.** ® Magnitude
of the effect differed across the studies.

Meta-regression exploring heterogeneity in gait function or composite function at 3 months
after strengthening exercise compared with placebo found no factor that could explain the
heterogeneity (Appendix Tables F18-F19). Meta-regression exploring heterogeneity in pain
relief around 3 months after strengthening exercise indicated that younger participants had
significantly better outcomes (Appendix Table F20). We explored heterogeneity by the
involvement of a physical therapist and by study quality and found no consistent association with
outcomes (Appendix Tables F21-F24).

Tai Chi

Evidence from three RCTs with 167 participants contributed to the pooled analyses at the
longest time of followup.*****® Low-strength evidence from these small trials demonstrated that
Tai Chi improved composite function measures around 3 months but had no statistically
significant effects on pain or disability. Improvement in function was not sustained at the 6-
month followup.

Proprioception Exercises

Evidence from four RCTs™® 104 114115 \ith 247 participants contributed to the pooled
analyses at the longest time of followup.*® 1% 14 11°> These RCTs offered low-strength evidence
that proprioception exercise led to pain relief but did not improve composite function or gait
function. Magnitude of the effect varied across the studies with statistically significant
heterogeneity in pooled estimates. Sensitivity analysis restricted to two studies with low risk of
bias revealed a larger effect size.' 1** One study suggested that proprioception exercises
improved knee reposition error.*®
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Massage

Evidence from three RCTs with 162 participants contributed to the pooled analyses at the
longest time of followup.*****® We found low-strength evidence that massage somewhat
improved composite function."® **” Individual studies showed that massage also improved
pain,**® disability,'*® health perception,'® and gait function;**® however, this evidence did not
support robust conclusions.

Joint Mobilization

We synthesized evidence from three RCTs with 217 participants™®*?* but were unable to
perform pooled analyses to support robust conclusions about the impact of joint mobilization.
Individual studies showed that joint mobilization with or without exercise reduced disability.
119.120 fowever, joint mobilization, with or without exercise, did not improve gait function.*?® 14

Orthotics

Evidence from seven RCTs with 364 participants contributed to the pooled analyses at the
longest time of followup.'?**?® These RCTs demonstrated low-strength evidence that orthotics
had no effect on short-term outcomes of composite function or gait function. Evidence from
three Japanese studies offered low-strength evidence that an orthotic intervention involving
elastic subtalar strapping improved composite function around 3 months. 23

Brace

We synthesized evidence from five RCTs"*?*% but were unable to perform a pooled analysis
to draw robust conclusions. In one study, unloader brace improved disability and composite,
joint, and gait functions.**

Therapeutic Taping

Three RCTs with 119 participants™® ¥ 13 examined the effects of taping and found that
pain, disability, composite function, and gait function did not differ with therapeutic taping.**" *
Different reporting formats precluded pooled analyses. Individual RCTs suggested that taping
might provide short-term pain relief.** ¥

Electrical Stimulation

We synthesized evidence from fifteen RCTs.**" 1**1°% Seven RCTSs with 390 participants
contributed to the pooled analyses at the longest time of followup. 0" 140-142. 147,152,153 Eactrical
stimulation resulted in statistically significant improvement in short-term pain*'® 141 143 148-151
and at 3 months after starting the intervention®? 140-142. 147,150,152 1y )¢ \niorsened pain at 6
months.**" 2 We found low-strength evidence that global assessment™** *** and muscle strength
(measured at 60 degree extension)™" **? improved significantly with electrical stimulation
around 3 months. These statistically significant findings were consistent without substantial
heterogeneity across the studies. Pooled analyses provided moderate-strength evidence of no
improvement on disability or joint function and low-strength evidence of no improvement on
measures of gait or composite function, 107 140-145. 147, 151

Pulsed Electromagnetic Fields

Evidence from four RCTs with 267 participants contributed to the pooled analyses at the
longest time of followup.™****" Pulsed electromagnetic fields (PEMF) neither reduced pain nor
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improved composite function (moderate strength evidence). One study showed that PEMF
resulted in statistically significant increase in subjective success.**

Ultrasound
Evidence from six RCTs with 387 participants contributed to the pooled analyses at the

longest time of followup.*** **#12 \We found low-strength evidence that ultrasound resulted in
statistically significant reduction in pain with a moderate effect size and significantly improved
composite function and gait function with a large effect size.** 1 159 | ow-strength evidence
also demonstrated that ultrasound did not improve disability.**® *** Magnitude of the effect on
gait function at 3 months varied across the studies, with statistically significant heterogeneity in
pooled estimates. We were unable to examine heterogeneity due to the small number of studies.

Diathermy

We synthesized evidence from seven RCTs.*#? 1%31%8 Fjye RCTs with 382 participants
contributed to the pooled analyses at the longest time of followup. 142 164186168 g\y_strength
evidence demonstrated that diathermy resulted in a statistically significant decrease in pain at 1
month, %1% put the effect was statistically insignificant at 3 months.#* 164 1% |_ow-strength
evidence demonstrated that diathermy had no affect on disability, composite function, joint
function, or gait function.'* %1% A single study also demonstrated no beneficial effects on
psychological disability, global assessment, or health perception.*® 1%

Heat

We synthesized evidence from three RCTs with 126 participants™** '%° 1 put were unable to
perform a pooled analysis to draw robust conclusions. In one study, heat improved disability and
quality of life'®® but had no effect on composite function and gait function.'*?

Cryotherapy

We synthesized evidence from two RCTs with 57 participants™ ‘®° but were unable to
perform a pooled analysis from which to draw robust conclusions. Individual studies showed no
statistically significant effects.* 1%

The Role of Physical Therapist Involvement on Effects
With Exercises

We performed subgroup analyses by the involvement of a physical therapist for all outcomes
with aerobic or strengthening exercises. We found that for most comparisons, effect sizes with
physical therapist involvement were statistically larger than those without. Furthermore, the
results in the physical therapist involvement group tended to be consistent without heterogeneity.
Although the sample size of the physical therapist involvement subgroup was smaller than the
sample size of all pooled studies, the significance of the association and our conclusions remain
the same (Appendix Table F25).

Clinical Importance of Treatment Effects With Physical
Therapy Interventions

Original studies used a wide variety of pain measurements, and thus required standardization
in pooled analyses. This lack of consistency prevented us from being able to assess whether
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specific interventions resulted in benefits that were of clinical importance. To assess the clinical
importance of pain reduction with interventions, we performed subgroup analyses with a subset
of the studies that used the same VAS instrument for pain measures. We then compared the
mean reduction in pain with the cutoff for MCIDs in VAS as reported in observational studies.
We found that electrical stimulation, diathermy, and ultrasound resulted in clinically significant
short-term pain reduction (Appendix Table F26). In long-term followup, however, only
strengthening exercise reduced pain with an effect size that exceeded the minimum clinically
importance difference. Since we had to exclude studies that used other instruments for pain
measurements, we lost power to detect statistically significant findings.

To assess the clinical importance of improvements in disability and quality of life with
physical therapy interventions, we transformed SMDs to nonstandardized mean differences in
EQ-5D or SF-36. Only aerobic and aquatic exercises led to statistically significant and clinically
important benefits for disability (estimated EQ-5D improvements of 0.08 and 0.11, respectively).
For quality of life, the benefits of aquatic and strengthening exercise were statistically
insignificant (estimated SF-36 physical component summary improvements of 1.1 and 3.5,
respectively).

Few individual RCTs categorized patients by clinical importance of the changes in measured
pain, disability, or joint function, and most studies failed to demonstrate consistent improvement
with physical therapy interventions (Appendix Table F27). Rates of patient-rated treatment
success were greater with a brace,™® electrical stimulation,**® *"* mud pack,*’? and PEMF.**’
Individual RCTs provided no strong evidence for robust conclusions about clinically important
improvement with physical therapy interventions.

As a part of planned evidence synthesis, we also compared the differences in continuous
measures of pain and disability reported in trials with the MCIDs determined in observational
studies and found few clinically important improvements. Aerobic exercise resulted in clinically
important improvement in pain, disability, and joint function in the majority of individual RCTs
(Appendix Table F28).

Comparative Effectiveness of Physical Therapy Interventions

Limited direct evidence of comparative effectiveness of physical therapy interventions from
single studies was low-strength for the majority of comparisons (Table 5). Aerobic and aquatic
exercises had the same benefits on pain,** *"® a finding consistent with the similar effect sizes
demonstrated by these two interventions in efficacy studies. Direct comparisons showed no
statistically significant differences between aerobic and strengthening exercises on disability and
composite function.®® One study found aerobic exercise was better than strengthening exercise in
gait function.®® One study demonstrated that Tai Chi was better than stretching exercises for
disability, psychological disability, global assessment, and transfer function.!™

Laterally and neutrally wedged insoles demonstrated similar effects on gait function,
did orthotics and brace on composite function.*’® A recent study showed that pain, disability,
global assessment, quality of life, and joint function did not differ between laterally and neutrally
wedged insoles.’”” Several small studies found no statistically significant difference between
electrical stimulation and exercise for pain relief and gait function.!%” % 147178 One study
showed statistically insignificant differences between electrical stimulation and ultrasound on
composite and gait function.*?

The studies of combined physical therapy modalities demonstrated no statistically significant
benefits on the outcomes when compared with aerobic, strength, or proprioception exercise

131,175 as
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alone. Manual therapy added to aerobic exercise provided benefits similar to aerobic exercise

alone.

Table 5. Narrative evidence summary of comparative effectiveness of physical therapy
interventions for knee osteoarthritis

Outcomes at the Longest

exercises vs.
strengthening
exercises

Comparison X Conclusions/Strength of Evidence
Time of Followup

Pain/studies=1, subjects=290 Aerobic exercises did nqt improve pain measures,
compared to strengthening exercises/Low

Disability/studies=1, subjects=290 Aerobic exercises did not improve ql|sab|||ty .
measures, compared to strengthening exercises/Low
Aerobic exercises did not improve composite

Aerobic Composite function/studies=1, subjects=290 |function measures, compared to strengthening

exercises/Low

Gait function/studies=1, subjects=290

Aerobic exercises improved gait function measures,
compared to strengthening exercises/Low

Transfer function/studies=1, subjects=290

Aerobic exercises did not improve transfer function
measures, compared to strengthening exercises/Low

Aerobic exercises improved gait function measures
(L) but did not improve pain (L), disability (L), transfer
(L), and composite (L) function measures, compared
to strengthening exercises

Aquatic
exercises vs.
aerobic
exercises

Disability/studies=1, subjects=64

Aquatic exercises did not improve disability
measures, compared to aerobic exercises/Low

Pain/studies=2, subjects=110

Aquatic exercises did not improve pain measures,
compared to aerobic exercises/Low

Composite function/studies=1, subjects=64

Aquatic exercises did not improve composite
function measures, compared to aerobic
exercises/Low

Gait function/studies=1, subjects=64

Aquatic exercises did not improve gait function
measures, compared to aerobic exercises/Low

Aquatic exercise did not improve disability (L), pain
(L), gait (L) and composite (L) function measures,
compared to aerobic exercise

Proprioception
exercise vs.
strengthening
exercise

Composite function/studies=1, subjects=72

Proprioception exercises worsened composite
function measures, compared to strengthening
exercises/Low

Gait function/studies=1, subjects=72

Proprioception exercises did not improve gait
function measures, compared to strengthening
exercise/Low

Pain/studies=1, subjects=72

Proprioception exercises did not improve pain
measures, compared to strengthening exercise/Low

Proprioception exercises worsened composite
function measures (L) but did not improve pain (L)
and gait function (L), compared to strengthening
exercises
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Table 5. Narrative evidence summary of comparative effectiveness of physical therapy
interventions for knee osteoarthritis (continued)

Comparison

Outcomes at the Longest
Time of Followup

Conclusions/Strength of Evidence

Tai Chi vs.
stretching
exercises

Pain/studies=1, subjects=40

Tai Chi did not improve pain measures, compared to
stretching exercise/Low

Disability/studies=1, subjects=40

Tai Chi improved disability measures, compared to
stretching exercise/Low

Psychological disability/studies=1,
subjects=40

Tai Chi improved psychological disability measures,
compared to stretching exercise/Low

Global assessment/studies=1, subjects=40

Tai Chi did not improve global assessment
measures, compared to stretching exercise/Low

Composite function/studies=1, subjects=40

Tai Chi did not improve composite function
measures, compared to stretching exercise/Low

Joint function/studies=1, subjects=40

Tai Chi did not improve joint function measures,
compared to stretching exercise/Low

Gait function/studies=1, subjects=40

Tai Chi did not improve gait function measures,
compared to stretching exercise/Low

Transfer function/studies=1, subjects=40

Tai Chi improved transfer function measures,
compared to stretching exercise/Low

Tai Chi improved disability (L), psychological
disability (L), and transfer function (L) but did not
improve pain (L), global assessment (L), gait (L),
joint (L), and composite (L) function measures,
compared to stretching exercise

Laterally vs.
neutrally
wedged insole

Pain/studies=1, subjects=200

Laterally wedged insole did not improve pain
measures, compared to neutrally wedged insole/Low

Disability/studies=1, subjects=200

Laterally wedged insole did not improve disability
measures, compared to neutrally wedged insole/Low

Global assessment/studies=1, subjects=200

Laterally wedged insole did not improve global
assessment measures, compared to neutrally
wedged insole/Low

Quality of life/studies=1, subjects=200

Laterally wedged insole did not improve quality of life
measures, compared to neutrally wedged insole/Low

Composite function/studies=2, subjects=383

Laterally wedged insole did not improve composite
function measures, compared to neutrally wedged
insole/Low

Gait function/studies=1, subjects=45

Laterally wedged insole did not improve gait function
measures, compared to neutrally wedged insole/Low

Joint function/studies=1, subjects=200

Laterally wedged insole did not improve joint function
measures, compared to neutrally wedged insole/Low

Laterally wedged insole did not improve pain (L),
disability (L), global assessment (L), quality of life
(L), joint (L), gait (L), and composite (L) function
measures, compared to neutrally wedged insole

Orthotics vs.
brace

Pain/studies=1, subjects=91

Orthotics did not improve pain measures, compared
to brace/Low

Composite function/studies=1, subjects=91

Orthotics did not improve composite function
measures, compared to brace/Low

Orthotics did not improve pain (L) and composite (L)
function measures, compared to brace
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Table 5. Narrative evidence summary of comparative effectiveness of physical therapy
interventions for knee osteoarthritis (continued)

Comparison

Outcomes at the Longest
Time of Followup

Conclusions/Strength of Evidence

Pain/studies=2, subjects=81

E-stim did not improve pain measures, compared to
exercise/Low

Composite function/studies=1, subjects=50

E-stim improved composite function measures,
compared to exercise/Low

E-stim vs. Joint function/studies=1, subjects=50

E-stim improved joint function measures, compared
to exercise/Low

exercises

Gait function/studies=2, subjects=81

E-stim did not improve gait function measures,
compared to exercise/Low

E-stim improved joint (L) and composite (L)
measures of function but did not improve pain (L)
and gait (L) function, compared to exercise

Pain/studies=1, subjects=40

E-stim did not improve pain measures, compared to
ultrasound/Low

Composite function/studies=1, subjects=40

E-stim did not improve composite function measures,
compared to ultrasound/Low

E-stim vs.

ultrasound Gait function/studies=1, subjects=40

E-stim did not improve gait function measures,
compared to ultrasound/Low

E-stim did not improve pain (L), gait (L) and
composite (L) function measures, compared to
ultrasound

E-stim = electrical stimulation
Note: Strength of evidence as L = low; Strength of evidence was determined according to four domains (risk of bias, directness,
consistency, and precision).

Key Question 1a. Role of Patient Characteristics on Outcomes

Compliance

Studies used the percentage of class attendance to capture compliance or adherence.
Moderate-strength evidence from three RCTs demonstrated that subgroups with high compliance

tended to have better outcomes for exercise (aerobic, aquatic, and strengthening).

93, 179-182 The

higher compliance group had the lowest risk of incident ADL disability,*”® a lower average
a higher mean Quality of Well-Being Scale score,” and greater

depression score,

improvements in both 6-minute walking distance and disability.

180

182

Three articles came from the Fitness Arthritis and Seniors Trial (FAST), which investigated

the effects of two exercise programs (aerobic and strengthening) for adults 60 and older.

179-181

The authors examined dose-response effects between exercise frequency and three outcome
variables: knee pain, self-reported difficulties with ADL, and ADL performance.’® The results
indicated that exercise for patients with knee OA should be three times each week with moderate
duration (35 minutes). The authors defined exercise compliance for both types of exercise by the
percentage of exercise sessions attended and found the lowest risk of ADL disability and a lower
average depression score for those in the highest compliance tertile (Figure 1).*"**¥° One study
performed an economic evaluation of aquatic exercise for persons with osteoarthritis; the mean
Quality of Well-Being Scale (QWB) score for adherers was significantly higher than for
nonadherers or controls.*® Using multiple linear regression models among an Arthritis, Diet, and
Activity Promotion Trial subsample, the authors found that higher exercise compliance was

associated with greater improvements in 6-minute walking distance and in disability.
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Figure 1. Risk of developing disability in activities of daily living in compliance subgroups

Compliance subgroup (sample size) Relative risk (95% CI)

Strengthening exercise

Lowest compliance (28) 057029, 112)
Moderate compliance (28) 0.79(0.42, 1.49)
Highest compliance (26) 0.43(0.19, 0.97)

Aerobic exercise

Lowest compliance (30) 0.77 (041, 1.486)
Moderate compliance (30) 0.47 (0.23, 0.95)
Highest compliance (28) 0.38(017, 082)
I |
0.1 1 10

Note: The attention control group is used as the reference.

Age

Evidence did not permit conclusions about how age differences affect treatment outcomes.
Three studies reported clinical outcomes by age subgroup for bracing, exercise (aerobic or
strengthening), or PEMF. 134 1%° Heterogeneity across studies (different active and control
treatments, outcomes, and definitions of age subgroups) precluded robust conclusions.

In 117 knee OA patients, explorative subgroup analyses showed that patients younger than
60 experienced a slightly better effect of the brace for knee function (measured by an estimated
improvement of 3.38 on the Hospital for Special Surgery or HSS score) than patients 60 years
and older (estimated HSS score improvement 2.48)."** Pain severity with bracing showed a
similar modest trend. Using a cut-off age of 70, the FAST trial found that participants of all ages
who were randomized in aerobic or strengthening exercise programs improved in self-reported
disability, pain, and 6-minute walk distance compared with the health education group.

While PEMF demonstrated no beneficial symptomatic effect in all patients, those younger
than 65 improved significantly after 2 weeks in stiffness™> but not in ADL or pain.

Malalignment

Two RCTs did not provide robust evidence for how malalignment affects treatment
outcomes. RCTs found greater benefits for patients in the genu varus group*** and for those
without malalignment.'%

Stratified by the alignment, the genu varus group (n = 95) showed a better and statistically
significant effect of the brace for knee function score (estimated HSS score improvement 4.15; P
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= 0.03) compared with the genu valgus group (n = 22) (estimated HSS score improvement 0.20;
P = 0.96)."* For pain relief, this trend was similar, but not as prominent.

One study examined the impact of malalignment on the way strengthening exercise affects
knee adduction moment, pain, and function.'* The results indicated that strengthening exercise
did not significantly alter the knee adduction moment or function in either the more malaligned
or the more neutral group, but the latter experienced statistically significant pain reduction.

Body Mass Index

Evidence for the role of BMI in predicting treatment effects was inconsistent in two
studies.®® ¥ One study compared treatment with and without a lateral wedge insole and found
that those with a BMI of less than 30 kg/m? had a 29 point improvement in the WOMAC Pain
subscale, compared with an improvement of only 6 points in those whose BMI was more than 30
kg/m?.® In contrast, the very obese participants (defined by the top tertile) who were assigned to
the aerobic exercise or resistance training programs improved in self-reported disability, pain,
and 6-minute walk distance compared with the health education group.

Comorbidity

Evidence from individual studies did not permit robust conclusions about any modifying
effect of comorbidity. The FAST study of 439 older adults with knee OA investigated the effects
of comorbidity on the benefits of resistance or aerobic exercise.'®* The authors defined
comorbidity as the presence of knee OA plus other two or more clinical conditions. The results
indicated that aerobic exercise improved function and reduced pain irrespective of the presence
of comorbidity.

Depression

Individual studies did not permit robust conclusions about differences in benefits between
patients with and without depression. The FAST study investigated the effects of depression on
the benefits of exercise.'®® Aerobic or resistance exercise significantly improved disability, pain,
and walking speed regardless of baseline depressive symptoms. In addition, aerobic (but not
resistance) exercise significantly lowered depressive symptoms at 18 months of followup
compared with the control educational group. The authors concluded that depression had no
substantial impact on the benefits of exercise.

Sex

Evidence from individual studies did not permit robust conclusions about differences in
benefits between men and women. Five studies that reported clinical outcomes of exercise and
orthotics in male and female subgroups® 12 131185186 qemonstrated no statistically significant
difference in effects.

Race

Evidence from a single study did not permit robust conclusions about differences in benefits
between racial groups. This study performed subgroup analysis between whites and African
Americans;® and both groups assigned to the aerobic exercise interventions or the resistance
training program improved in self-reported disability, pain, and 6-minute walk distance
compared with the health education group.
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Severity

Baseline OA severity may affect the impact of physical therapy interventions on clinical
outcomes. However, findings were inconsistent and varied across studies depending on the
treatments, outcomes, and/or cut-off grades. Furthermore, RCTs reported post hoc analyses of
changes from baseline in functional measures among patients with different baseline severity
scores. Six RCTs used the Kellgren and Lawrence Scale (K/L) to grade severity, and one
categorized severity according to the Ahlback score.** Clinical outcomes in severity subgroups
were reported in seven RCTs involving brace,*** 1" insole,'? 127 176.183 exercise (strengthening
or range of motion (ROM),*®® and weight reduction and/or electrical stimulation.*®’ Three RCTs
found no consistent modification effect of baseline severity.'?® " 1% One RCT found pain
reduction to be greater in patients with severe OA than in those with mild.**

These inconsistent findings may be due to inconsistent outcomes and/or cutoff grades in the
original studies. In a group of 221 older adults randomized to strength training or ROM
exercises, the WOMAC Pain subscale did not differ between K/L grade 2—3 and grade 0-1.%
Interestingly, percentage of joint space narrowing >0.5mm after a 30-month followup was higher
in the strength training arm than in the range of motion arm in subgroup of K/L grade 0-1, but
not grade 2-3. This finding is unexplained; further confirmation is warranted.

One study evaluated the effect of weight reduction and/or electrical stimulation on patients
with knee osteoarthritis and obesity.*®” The study found that subgroups with severity grades 3
and 4 had more pain decrease than the group with grade 2, regardless of whether the treatment
arms received weight reduction, electrical stimulation, or weight reduction plus electrical
stimulation. However, the study did not examine whether baseline severity modified benefits
with manual therapy. Further, patients whose OA severity varied also had different baseline
scores in the VAS pain scale.

Key Question 1b. Association between the dose/intensity/frequency of
examined interventions and intermediate/patient-centered outcomes

For the majority of possible comparisons, we found no robust evidence for determining the
association between the dose/intensity/frequency of examined interventions and outcomes.

Exercise

Although definitions of intensity differed among studies, evidence indicated similar benefits
for low- and high-intensity exercise (defined by one study as 40 percent and 70 percent heart rate
reserve, respectively).'®® In one study, low- and high-intensity exercises similarly improved
function, gait, and pain.'®® Another study found that the effects of high-resistance strength
training (>60 percent of one repetition maximum) appeared larger than those of low-resistance
strength training (10 percent of one repetition maximum), but the differences were statistically
insignificant.®* One study examined exercise compliance in order to determine any dose-
response effects between exercise frequency and outcomes.*®! The results indicated that exercise
for patients with knee OA should be three times each week with moderate duration (35 minutes).
One study compared frequency of physical therapist visits for patients receiving home-based
exercise over 24 weeks, and found no statistically significant difference between groups who
received six visits or two visits.®
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Orthotics

For patients with genu varus deformity from OA, medium duration (5-10 hours daily) of
insole with subtalar strapping wear was better than short duration (less than 5 hours) and long
duration (more than 10 hours).*?? One study suggested better comfort and effectiveness for an 8-
or 12mm elevated wedged insole than a 16mm elevated wedge.**® Another study also found
better comfort for a 5° than a 10° wedge, although the effect of the 5° wedge was smaller.*?
Future researchers should consider these findings in designing their studies.

Electrical Stimulation

We found no short-term clinical difference between low frequency (2 Hz pulse trains) and
high frequency (80 Hz) electrical stimulation.*®* However, noxious stimulation decreased pain
intensity more than innocuous stimulation.**? In one study, Burst Mode and High Rate
stimulation had similar effects on stiffness and pain.** Another study demonstrated that for
reducing pain, 40 minutes was the optimal duration of electrical stimulation.'*?

Diathermy
Two studies found no statistically significant differences between high and low intensity
diathermy on disability and gait function.'®* 1%

Ultrasound
In two studies, pulsed ultrasound appeared to be better than continuous ultrasound in
improving disability, gait, and composite function.'*® ¢!

Key Question 1c. Association between the duration of examined
interventions and intermediate/patient-centered outcomes

The duration of examined interventions varied broadly. For example, exercise programs
ranged from 2 to 72 weeks. We found no statistically significant association between the
duration of examined interventions and intermediate or patient-centered outcomes. In combining
aerobic, aquatic, strengthening, proprioception, and Tai Chi exercises, changes in intermediate
and patient-centered outcomes did not differ by the duration of interventions, with all p-values
greater than 0.05 (Appendix Figure F1). For this analysis we used the longest followup
standardized effect size in each study. While these results might seem to suggest that a 2-week
exercise program is sufficient, we emphasize that exercise should be continuous and that higher
compliance to exercise led to better improvement. Evidence did not permit robust conclusions
about other treatments.

Association Between Time of Followup and Intermediate/Patient-
Centered Outcomes

The association between the time of followup and outcomes differed by examined treatments and
outcomes. Outcomes did not differ by followup times for treatments that demonstrated
statistically significant benefits (aerobic, aquatic, and strengthening exercises and ultrasound).
Nor did intermediate or patient-centered outcomes differ by followup time when the effects of
aerobic, aquatic, strengthening, proprioception, and Tai Chi exercises were combined (all p-
values greater than 0.05) (Appendix Figure F2). The combined results remained consistent with
or without inclusion of Tai Chi. Ultrasound’s effects did not differ by time of followup for pain,

34



gait, and composite function (Appendix Figure F3). Electrical stimulation improved pain at short
followups but significantly worsened pain at longer followups (p-value < 0.001) (Appendix
Figure F4). In contrast, we observed that diathermy’s benefits for disability increased with longer
followups (p-value = 0.009) (Appendix Figure F5).

Key Question 2. What is the association between changes in intermediate
outcomes with changes in patient-centered outcomes after physical therapy
interventions?

Evidence for the association between intermediate and clinical outcomes was limited to
individual observational studies, which did not show a strong or consistent association between
changes in intermediate and patient centered outcomes (Table 6). Substantial variability occurred
between index and reference methods, definitions of outcomes, methods of examining diagnostic
values, and associations between intermediate and clinical outcomes. Delineating between
patient-centered and intermediate outcomes was somewhat artificial. For example, pain (a
patient-centered outcome) is an explanatory factor for several intermediate outcomes including
gait, range of motion, and balance. Likewise, patient-centered outcomes such as disability, self-
reported pain, and observed IADL dependency were determined by composite measures of
objective tests including WOMAC or Arthritis Impact Measurement Scale (Appendix Table F29)
(intermediate outcomes). Finally, certain associations between patient-centered outcomes are
clinically important for predicting treatment effects—for instance, pain or function may predict
disability.

We synthesized the evidence of association between intermediate and clinical outcomes from
43 studies of 25,799 adults with knee OA. Mean age averaged 65, and ranged from 55 to 80
(Appendix Table F30). Women constituted 70 percent of participants. Sample size of the studies
varied with a median of 149 and mean of 600 participants. Half of all published studies were
American or British (13 and seven respectively). Minorities were included only in the American
studies, which did not report those results separately.

The studies used different statistical concepts to examine the relationship between outcomes.
First, the studies examined sensitivity, specificity, or positive predictive likelihood of index tests
for correct identification of the outcomes according to reference tests. When the outcomes—for
example, functional disability—were measured with scales, the studies defined thresholds in
numeric score to categorize patients as disabled or not. Studies of diagnostic value had only fair
quality (Appendix Table F31).

Second, the studies used linear regression to examine association as changes in
measurements of patient-centered outcomes corresponding to changes in measurements of
intermediate outcomes. Regression coefficients presented a magnitude of the change in
continuous measures of patient-centered outcomes (such as pain) corresponding to one unit
change in continuous measures of intermediate outcomes (such as muscle strength). However, it
is not clear whether such estimates of the association between outcomes have clinical
importance.

Third, the studies used logistic or Cox regression to examine association as rates or odds of
patient-centered outcomes corresponding to rates or odds of functional impairments. For
statistically significant associations, we judged a magnitude as high when relative risk or odds
ratio was more than 2 or less than 0.5. Few studies adjusted the regression models to lower the
risk of bias. Some studies failed to distinguish patients with definitive diagnoses of knee OA
from those with self-reported OA or knee pain.
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Some studies examined the association between outcomes at the same time points without
collecting followup data. These cross-sectional analyses could point out the association between
functional impairments and pain or disability at one time point but could not predict future
changes in the outcomes. In contrast, prospective studies examined the association between
baseline functional impairments and patient-centered outcomes at future time of followup. Those
studies predicted patient-centered outcomes based on the association with intermediate
outcomes, after adjustment for confounding factors.

Fourth, some cross-sectional studies calculated the correlation between continuous
measurements in the outcomes. Correlation coefficients ranged from -1 (negative correlation) to
0 (no correlation) to 1 (positive correlation). The correlation simply reflected the same linear
direction of the changes in intermediate and clinical outcomes, with no consideration of the units
of measured outcomes or of the clinical importance of the measures.
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Table 6. Association between intermediate and clinical outcomes; low strength of evidence from

individual observational studies

Clinical

Intermediate

Conclusion
Outcome QOutcome
- Physical Physical function assessed with SF-36 and WOMAC tools have
Disability . ; . N
performance conclusive diagnostic value for work limitations
- Physical Several functional tests (VAS: restriction; TUG test; Step test; Walking
Disability . L - . . -
performance speed) were associated with impaired adjusted daily activity score
- . Severity of OA assessed with Osteoarthritis of the Knee Severity Index
Disability OA severity - - . L
was negatively associated with role functioning
- . Increased range of motion was negatively associated with observed and
Disability Range of motion S
self reported disability
Disability Strength Muscle strgngt.h. was negatively associated with observed and self
reported disability
Physical . . . .
Balance Impaired balance was associated with poor physical performance
performance
Pain Gait Gait speed was associated with WOMAC pain severity
Pain Function Joint laxity (knee instability) was not associated with walking time
. . Severity of OA assessed with Osteoarthritis of the Knee Severity Index
Pain OA severity . . . . .
was negatively associated with body pain assessed using SF-36
Function Balance Impaired single-leg standing balance was not associated with poor
WOMAC function
Function Disease severity Self-reported swelling was associated with poor WOMAC function scale
Function Joint alignment Fixed flexion deformity was not associated with poor WOMAN function
. . . Intercondylar and intermalleolar gap in standing were not associated with
Function Joint alignment .
poor functional outcome
Function Joint mobility Duration of morning stiffness was associated with poor WOMAC function
Function Joint mobility Hip rotation was not associated with poor WOMAC function
. . . Knee flexion range of movement was not associated with poor WOMAC
Function Joint mobility function
Function Joint mobility Locking: Pseudo-locking was not associated with poor WOMAC function
Function Joint stability Anteroposterior instability was not associated with poor WOMAC function
Function Joint stability Laxity (knee instability) was associated with poor WOMAC function
Function Joint stability Positive Giving Way Test was associated with poor WOMAC function
Severity of OA assessed with Osteoarthritis of the Knee Severity Index
Function OA severity was negatively associated with physical functioning assessed using SF-
36
Function Proprioception Proprioceptive inaccuracy was not associated with poor WOMAC function
Function Strenath Force (quadriceps femoris muscle strength) <20kg was associated with
9 poor WOMAC function
. Hamstring strength(mm Hg): <100 vs. 2185 was associated with poor
Function Strength WOMAC function
Function Strength Musgle s_trength and laxity (knee instability) were associated with reduced
walking time
. Muscle strength but not laxity (knee instability) was associated with poor
Function Strength WOMAGC function
- — ~ - -
Function Strength Quadriceps strength (mm Hg): €140 vs. 2300 was associated with poor

WOMAC function

OA = osteoarthritis; SF-36 = 36-Item Short-Form Health Survey; TUG = timed up and go; VAS = Visual Analog Scale;
WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index
Note: Strength of evidence was downgraded because single observational studies did not provide strong consistent and unbiased

estimates

37




Diagnostic Value of Outcomes

Few studies reported the diagnostic values of intermediate outcomes.

The Cohort Hip and Cohort Knee study (CHECK) found that an SF-36 physical function
score <60 had conclusive diagnostic value for work limitations as determined by the Functional
Capacity Evaluation.*® Adults with SF-36 physical function score <60 had a large (>10) positive
likelihood ratio of work limitations.

In one prospective cohort study, a Pain Numeric Rating Scale score of <4 had a conclusive
diagnostic value for patient perception of clinically significant improvement (Appendix Table
F32).2 The study examined both absolute and relative changes in pain scores in each of three
categories based on cut points using a numeric rating scale and found that clinically significant
changes in pain were not uniform across the scale. A reduction of 15 percent in the Pain Numeric
Rating Scale score represented minimum clinically important changes, while a reduction of 33
percent represented “much better” improvement in the patient’s global impression of change.**

Another prospective study, Clinical Assessment Study of the Knee (CAS(K)), demonstrated
that bilateral knee pain, duration of morning stiffness, and inactivity gelling (stiffness after
inactivity) had conclusive diagnostic value for poor WOMAC function at 18 months of followup
(positil\gs, likelihood ratio = 42 and the area under the receiver operating characteristic curve =
0.73).

Association Between Intermediate and Clinical Outcomes Examined

With Regression Models

Measures of functional impairment were associated with poor patient-centered outcomes in
individual studies (Table 7). Studies were inconsistent in defining intermediate and patient-
centered outcomes and in adjusting for confounding factors. The studies examined the
association with logistic or Cox regression reporting hazard rate ratios or odds ratios of
categorical patient-centered outcomes (Table 8). Patient-centered outcomes were categorized
according to clinically important thresholds in scales. Most studies examined the association
with linear regression and reported differences in continuous measures of the outcomes
corresponding to one unit increase in the measures of intermediate outcomes. No clinical
importance of such changes was evident unless the studies proposed regression models
estimating quality-of-life index or other patient-centered outcomes based on WOMAC scores.*®®

Gait

Gait measurements were associated with pain and poor functional outcomes (Appendix Table
F33). Baseline stance time on stairs was positively associated with time to climb stairs at
followup in a randomized trial of older adults with knee OA.* In one cross-sectional study, gait
speed was positively associated with maximal activity profile (the highest oxygen-demanding
activity the participant is still able to perform).?®® Adults with pain due to mild to moderate,
clinically diagnosed medial-compartment knee OA had impaired walking speed.?* A
prospective Multicenter Osteoarthritis Study found that intense pain was associated with 70
percent greater risk of clinically important decline in walking speed.?%
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Table 7. Regression association between intermediate and clinical outcomes; low strength of
evidence from individual observational studies

Intermediate Disability_Studies/ F_unctio_n _ Pain _
N=Patients Studies/Patients Studies/Patients
Outcomes : . >
Estimate Estimate Estimate
Harrison, 20042 / N=50
Balance -0.5* 197
Thomas, 2008™" / N=621
Not significant HR
Gait speed Bennell. 20042 / N=259* Nebel, 2009%*8 / N=179 Astephen Wilson,

Not significant*

2011% / N=40*

Range of motion

van Baar, 19982% / N=185*

Thomas, 2008™" / N=621
Not significant HR

Van Der Esch, 200677 /
N=86*

Strength

van Baar, 19982% / N=185*

Thomas, 2008™ / N=621
1.5 HR

Wood, 2008%%
N=7415.2 OR

Sharma, 2003?%

N=257 NS OR

O'Reilly, 1998%%

N=300 7.1 OR

O'Reilly, 199823 /
N=300 18.8 OR

Swelling

Thomas, 2008™ / N=621
1.3 HR

HR = hazard rate ratio; OR = odds ratio
Note: Bold = statistically significant association
*Linear regression; strength of evidence was downgraded because single observational studies did not provide strong consistent

and unbiased estimates
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Table 8. Relative measure of association between intermediate outcomes and functional disability;
low strength of evidence from individual observational studies

Author, Year Area Under
Desi' n Intermediate Definition of Estimate the Receiver
Monthgs of Outcome Intermediate Adjustment Mean (95% Operating
Followu Qutcome Cl) Characteristic
P Curve (ROC)
Sinale-le BMI, anxiety, duration of
stat?din g morning stiffness, bilateral | HR 1.21
Balance g . knee pain, age, inactivity (0.85t0 0.77
balance(s): <4 ) )
gelling, local tender point 1.72)
vs. 30
count
BMI, anxiety, duration of
Single-leg morning stiffness, bilateral HR 1.21
Balance standing . kneg pain, age, |nact|v[ty (0.85 to 0.77
balance(s): <4 gelling, local tender point 1.73)
vs. 30 count, prevalent knee ’
radiographic OA
Single-leg HR 1.49
Balance standing . Local tender point count (1.09to 0.68
balance(s): <4
2.04)
vs. 30
Single-leg BMI, anxiety, duration of
standing morning stlffnes_s, b"f?“.era' HR 1.12 (0.8
Balance . knee pain, age, inactivity 0.77
balance(s): 10- elling, local tender point to 1.55)
29 vs. 30 geting, P
Thomas* count
197 ' BMI, anxiety, duration of
2008 . ; h ;
rospective Single-leg morning stiffness, bilateral
prosp standing knee pain, age, inactivity HR 1.1 (0.79
cohort Balance . . . 0.77
balance(s): 10- gelling, local tender point to 1.54)
Months of lent k
followup: 72 29 vs. 30 cou_nt, prev_a ent knee
’ radiographic OA
Single-leg HR 1.27
Balance standing . Local tender point count (0.92 to 0.68
balance(s): 10- 1.74)
29 vs. 30 )
Single-le BMI, anxiety, duration of
star?din 9 morning stiffness, bilateral HR 1.22
Balance g . knee pain, age, inactivity (0.88 to 0.77
balance(s): 4-9 ) .
gelling, local tender point 1.67)
vs. 30
count
BMI, anxiety, duration of
Single-leg morning stiffness, bilateral HR 1.22
Balance standing . kne_e pain, age, |nact|V|_ty (0.89 to 0.77
balance(s): 4-9 gelling, local tender point 1.68)
vs. 30 count, prevalent knee ’
radiographic OA
Single-leg
standing . HR 1.5 (1.12
Balance balance(s): 4-9 Local tender point count t0 2.01) 0.68

vs. 30
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Table 8. Relative measure of association between intermediate outcomes and functional

disability; low strength of evidence from individual observational studies (continued)

Area Under
Auglgsri,g\:]ear Intermediate Definition of Estimate the Receiver
Months of Outcome Intermediate Adjustment Mean (95% Operatir]g.
Followup Qutcome Cl) Characteristic
Curve (ROC)
Duration of
Range of morning Bilateral knee pain, |(-|1R1é.?o7 0.69
motion stiffness (min): inactivity gelling 1 ég) ’
<30 vs. none )
Duration of
Range of morning Bilateral knee pain, (I—(|)R9;.i505 0.69
motion stiffness (min): inactivity gelling 5 ;13) )
>30 vs. none )
Range of r?]lgr?]tlf; of BM[, anxi.ety, inactivity . HR 1.32
motion stiffness (min): gelling, bilateral knee pain, | (1.01 to 0.76
<30 vs. none age 1.73)
. BMI, anxiety, inactivity
Range of r[:]ltj)rr?]?r(\)g of gelling, bilateral kneg pain, | HR 1.25
motion stiffness (min): age, Iocgl tender pomtl (0.95t0 0.77
<30 vs. none count, single-leg standing 1.65)
) balance
BMI, anxiety, inactivity
Duration of gelling, bilateral knee pain,
Range of mornin age, local tender point HR 1.25
Thomas, 2008 9 orming. g€, 10Ct pont (0.95 to 0.77
prospective motion stiffness (min): count, single-leg standing 1.65)
cohort <30 vs. none balgnce, pr.evalent knee
Months of radiographic OA
followup: 72 Duration of BMI, anxiety, inactivity
. Range of morning geIIi;qg bilatéral knee pain HR 1.22 0.76
motion stiffness (min): age ' " | (0.75 10 2) ’
230 vs. none 9
Duration of ggllliHgmgi?ge'rlglalfgggypain
Range of morning | ' | tender point " | HR 1.15 (0.7 0.77
motion stiffness (min): age, loca point to 1.89) '
530 vs. none count, single-leg standing
balance
BMI, anxiety, inactivity
Duration of gelling, bilateral knee pain,
Range of morning age, local tender point HR 1.16 (0.7 0.77
motion stiffness (min): count, single-leg standing to 1.91) )
230 vs. none balance, prevalent knee
radiographic OA
Range of Inactivity gelling: Bllate_ral knee pain, HR 1.34
motion Yes vs. no ' dgratlon of morning (0.98 to NR
) stiffness 1.83)
Range of Inactivity gelling: BMI, .anxie.ty, duratiqn of HR 1.23
. morning stiffness, bilateral (0.89to 0.69
motion Yes vs. no .
knee pain, age 1.71)
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Table 8. Relative measure of association between intermediate outcomes and functional disability; low
strength of evidence from individual observational studies (continued)

Author, Year Area Under
Desi’ n Intermediate Definition of Estimate the Receiver
9 Intermediate Adjustment Mean (95% Operating
Months of Outcome o h L2
Followup utcome Cl) Characteristic
Curve (ROC)
BMI, anxiety, duration of
Rande of Inactivity gellina: morning stiffness, bilateral HR 1.19
moti?)n Yes Vs ?g 9 | knee pain, age, local (0.86 to 0.76
Thomas, 20087 . tender point count, single- | 1.66)
prospective leg standing balance
cohort BMI, anxiety, duration of
Months of morning stiffness, bilateral
followup: 72 Rande of Inactivity gellina: knee pain, age, local HR 1.19
(continued) 9 Y9 9 | tender point count, single- (0.85to 0.77
motion Yes vs. no 8
leg standing balance, 1.65)
prevalent knee
radiographic OA
Hamstring HR 151
Strength ;tg;ng%(()n\]/r; Unadjusted (1.12to NR
- ’ 2.02)
2185
Hamstring
Strength strength (mm Unadjusted (l-(I)R9%.t301 NR
Hg): 101-139 vs. 1 .76)
=185 )
Hamstring
197 strength (mm . HR 1.1
groosggiéingS Strength Hg): 140-184 vs. Unadjusted (0.81t0 1.5) NR
>
cohort Jilsdr'ce S
Months of St‘r’eng'th (Fr’nm HR 1.27
followup: 72 Strength Hg): 141-200 vs. Unadjusted (107%5; to NR
=300 )
Quadriceps HR 1.52
Strength strength (mm Unadjusted (1.12to NR
Hg) <140 vs. 2.06)
=300 )
Quadriceps HR 1.08
strength (mm . )
Strength Hg):200-299 vs. Unadjusted (0.79 to NR
>300 1.47)
<10 kg of force
(quadriceps OR 5.17
Strength femoris muscle NR (3.01to NR
strength) vs. 8.86)
>30 kg
10-20 kg of
Wood*, 20087 ‘EOLC: e OR 2.37
cross-sectional Strength fq rcep | NR (1.57to NR
Months of emorns muscle 3.59)
followup: NA strength) vs.
: >30kg
20-30 kg of
force OR 1.29
Strength (quad.”CEpS NR (0.83to NR
femoris muscle 2.01)

strength) vs.
>30kg
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Table 8. Relative measure of association between intermediate outcomes and functional disability; low
strength of evidence from individual observational studies (continued)

Author, Year o . Area Under
Desi’ n Intermediate Definition of Estimate the Receiver
9 Intermediate Adjustment Mean (95% Operating
Months of Outcome h 2
Followup Qutcome Cl) Characteristic
Curve (ROC)
205 Quadriceps ﬁ?éeﬁs?tyl’al:\gegisp:;ge OR 0.88/20
Sharma, 2003 Strength IR ft-lbs (0.7 to NR
rospective strength, ft-lbs severity (higher K/L grade 1.11)
prosp of the 2 knees) )
cohort Age, BMI, knee pain
Months of Hamstring ingt}eﬁsity 'and disease OR 0.86/20
followup: 72 Strength strength, ft-lbs severity (higher K/L grade ft-Ibs (0.6 to NR
1.23)
of the 2 knees)
MVC (Maximum
voluntary Age, sex, BMI, depression,
; . S OR 1.48
Strength contraction of anxiety, activation (037 to NR
quadriceps) (percent), radiographic 5 '93)
(kgF): 20-30 vs. | score )
>30
MVC (Maximum
voluntary Age, sex, BMI, depression, OR 4.88
contraction of anxiety, activation 1 18-
Strength quadriceps) (percent), radiographic (20 14;0 NR
(kgF): 10-20 vs. | score ’
>30
MVC (Maximum
voluntary Age, sex, BMI, depression,
- 203 ; i S OR 8.23
O'Reily**,1998 contraction of anxiety, activation
Strength - - . (1.53to NR
nested case- quadriceps) (percent), radiographic 44.38)
control (kgF): <10 vs. score '
Months of >30
followup: NA MVC (Maximum .
laary | 73 5% B depession. | o 3.0
Strength contraction) ( erce)llw,t) radiographic (0.86 to NR
(kgF): 30-40vs. | \P » radiograp 10.71)
score
>40
MVC (Maximum .
iy | A3, B depression. | o 5.7
Strength contraction) ( erce¥1’t) radioaraphic (2.02to NR
(kgF): 20-30 vs. | \P » radiograp 13.91)
score
>40
MVC (Maximum .
Strength contraction) ( erce)gt) radioaraphic (1.08to NR
(kgF): 20 vs. p ’ grap 22.97)

>40

score
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Table 8. Relative measure of association between intermediate outcomes and functional disability; low
strength of evidence from individual observational studies (continued)

Author, Year Area Under
Desi’ n Intermediate Definition of Estimate the Receiver
9 Intermediate Adjustment Mean (95% Operating
Months of Outcome h L2
Followup Outcome Cl) Characteristic
Curve (ROC)
MVC (Maximum
voluntary Age, sex, BMI, depression, | OR 1.49
contraction of - S
Strength uadriceps) anxiety, activation, (0.56 to NR
?ng)_ 30?40 vs radiographic score 3.96)
>40
MVC (Maximum
voluntar_y Age, sex, BMI, depression, | OR 3.17
contraction of . L
Strength quadriceps) anxiety, activation, (1.22to NR
O'Reilly, 1998%% (kgF): 20-30 vs radiographic score 8.26)
nested case- ’ '
>40
I(\:/Ioonr::ﬁls of MVC (Maximum
. voluntary .
followup: NA contraction of Age, sex, BMI, depression, | o5 (2.43
Strength . anxiety, activation, NR
quadriceps) . . to 20.68)
(kgF): 10-20 vs radiographic score
>40
MVC (Maximum
vquntary Age, sex, BMI, depression, | OR 18.83
contraction of . O
Strength uadriceps) anxiety, activation, (4.79to NR
?ng)_ <1% vs radiographic score 74.08)
>40
Self-reported HR 1.09
Thomas, 2008 | Swelling dram.atu? Unadjusted (0.83t0 NR
rospective swelling: Yes vs. 1.44)
Fc)ohoet no :
Months of Self-reported HR 1.27
followup: 72 Swelling sweling " Past | nagjusted (1.03 to NR
) ) 1.56)

no

BMI = Body Mass Index; HR = hazard rate ratio; NA = not applicable; NR = not reported; OA = osteoarthritis; OR = odds ratio;
Strength of evidence was downgraded because single observational studies did not provide strong consistent and unbiased

estimates;

*Thomas, 2008"; Wood, 20082%- functional disability was defined using Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) function scale;
**Q’Reilly, 19987 functional disability was defined using WOMAC functional score >19 or SF-36 functional score <90

Muscle Strength
Muscle strength was positively associated with better function, but the significance and
magnitude of the association differed depending on measures of strength and outcomes
(Appendix Table F34). The studies demonstrated the importance of appropriate cut points to
categorize muscle strength, and reported a statistically significant relationship between

impairments in muscle strength and disability at the higher but not lower levels of impairment.
197

203

The strongest association was reported in one large cross-sectional study of more than 6,000
older adults with knee OA.?** Patients with maximal isometric quadriceps femoris muscle
strength (force-generating capacity) of 10-20kg had 137 percent relative risk increase of poor
function compared with those with >30kg of force after controlling for age, sex, and BMI.%* The

44




association was dose responsive with a greater than 417 percent relative risk increase of poor
function in adults with weaker muscles (<10kg of Force).?** The CAS(K) prospective cohort
found that adults with weaker quadriceps or hamstring muscle strength had a 50 percent higher
relative risk of poor WOMAC functional outcome.?*

Another prospective cohort study, Mechanical Factors in Arthritis of the Knee (MAK), found
no statistically significant association between quadriceps and hamstring muscle strength after
adjustment for age, BMI, pain intensity, and disease severity.?*® This study defined a physical
function outcome as a clinically important change in chair-stand performance.?®

One cross-sectional study found muscle strength to be negatively associated with both
observed and self-reported disability measures.?%® Functional disability, as assessed by total
WOMAC score, was negatively associated with greater muscle strength.?’” The association
betwe%muscle strength and functional disability was stronger in patients with high knee joint
laxity.

A single study found statistically significant association between quadriceps torque and
balance performance (center of pressure path length) after controlling for disease severity,
symptom bother, and WOMAC pain.?®

Impaired Balance Measurements

Impaired balance measurements demonstrated inconsistent association with functional status.
A single prospective cohort study of older adults (CAS(K))'*" found no statistically significant
association between the impaired single-leg standing balance test and poor WOMAC functional
outcomes after adjustment for age, BMI, knee pain, and stiffness (Appendix Table F35).%" In
contrast, a cross-sectional study of older women found a statistically significant association
between balance and outcomes of a functional test consisting of walking for 20 meters, climbing
up and down nine stairs, and going from sitting to standing for five repetitions.®® Physical
performance time improved in association with better balance.?*® We cannot be certain whether
study design, population, or balance measurements contributed to different conclusions in the
studies.

Range of Motion

Among other intermediate outcomes, increased range of motion was negatively associated
with observed and self-reported disability (Appendix Table F36).% A small cross-sectional
study of 86 adults with knee OA found a statistically significant interaction between joint range
of motion, muscle strength, and walking speed.?®” A prospective cohort, the CAS(K),"¥’
demonstrated that morning stiffness of 1-30 minutes predicted a 47 percent increase in relative
risk of poor function at 18 months followup.'®” Another prospective cohort study, the MAK,
demonstrated a 58 percent increase in relative risk of poor function at 3 years followup per 3
degree increase in joint laxity after controlling for age, BMI, pain intensity, and disease
severity. %%

Knee Mobility and Stability

Knee mobility and stability were weak predictors of functional performance. Joint mobility
measures were not associated with poor WOMAC function (Appendix Table F37).**" Joint
stability measures demonstrated a weak but statistically significant association with poor
WOMAC function (Appendix Table F38).197:20% 207. 208,210 A ¢ j|ts with a positive Giving Way
Test had a 33 percent relative increase in having a poor WOMAC Function Score.*®” Knee
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instability or laxity was associated with a 58 percent relative increase in having a poor WOMAC
Function Score?%> 210

Patient-centered outcomes were associated with a variety of tests (Table 6). Pain was
associated with impaired functional status in adults with knee OA (Appendix Table F38). Adults
with bilateral knee pain had a 46 percent relative risk increase of having a poor WOMAC
Function Score (Appendix Table F39).%” An increased WOMAC Pain Score was also associated
with a poor WOMAC Function Score.?® At followup, VAS pain intensity was associated with a
48 percent relative increase in risk of having a poor WOMAC Function Score (Appendix Table
F40).%% In contrast, self-reported knee pain“™* or local tender point counts were not associated
with poor function (Appendix Table F41).%

Disability measures were associated with gait, mobility restrictions, muscle strength, and
range of motion (Table 6). Several mobility restriction tests (VAS, Timed up and go [TUG] Test,
Step Test, Gait Speed) were associated with impaired adjusted daily activity scores (Appendix
Table F42). Mobility restrictions and the TUG Test were negatively associated with Adjusted
Activity Score.?® Increased gait speed and step test were positively associated with adjusted
daily activity score.’® Greater muscle strength and range of motion of the affected knee(s) were
negatively associated with self-reported or observed disability (Appendix Table F36).2% Patients
with more severe knee OA had impaired role function with physical limitations.?*?

We found no studies that reported time to return to work or activities. Patients with self-
reported disability had increased risk of total joint replacement within a year of followup
(Appendix Table F43). Patients with severe OA according to their Lequesne score had a 137
percent relative risk increase of having knee surgery within 1 year of followup (Adjusted OR
2.37,95% CI, 1.71 to 3.25).?*2 Patients who considered themselves disabled had a 57 percent
relative risk increase of total joint replacement within 1 year of consultation.*®

Several studies examined the importance of self-efficacy and mental health for adults with
knee OA (Table 9). Self-efficacy was defined as how patients perceive their ability to manage
chronic arthritis, and it was measured using the Arthritis Self-Efficacy Scale.?*® The Arthritis
Self-Efficacy Scale function subscale is a self-rating of degree of certainty in one’s ability to
walk 100 feet on flat ground in 20 seconds, walk down 10 steps in 7 seconds, and get out of an
armless chair without using hands for support.?®® Higher values correspond to better self-
efficacy.?® Adults with good self-efficacy had an 11 percent relative decrease in risk of poor
WOMAC function (Table 9).%®

Self-reported health outcomes, including anxiety, depression, and fatigue, were associated
with poor functional status. Older adults with knee pain and anxiety had higher risk of having
poor WOMAC function compared with adults without anxiety (Appendix Table F44).*
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Table 9. Regression association between psychological and clinical outcomes; low strength of evidence from individual observational

studies

Intermediate Outcomes

Disability
Studies/N=Patients Estimate

Function
Studies/Patients Estimate

Pain
Studies/Patients Estimate

Quality of Life
Studies/Patients
Estimate

Anxiety

O'Reilly, 1998%%% / N=300 NS
OR

Thomas, 2008™ / N=621
1.3 HR
O'Reilly, 1998%%% / N=300*

O'Reilly, 1998%% / N=300
NS OR

Baseline self-efficacy

Rejeski, 19981/ N=439*
Maly, 2006%° / N= 54 *

O'Reilly, 19982 / N=300 6.2

Wolfe, 199971 / N=2115
* WOMAC function

Wolfe, 1999%% | N=2115*

Depression OR Wolfe, 1999%%! / N=2115 O'Reilly, 19982 / N=300
* WOMAC stiffness 2.4 0OR
O'Reilly, 19982 / N=300*
Wolfe, 1999%%! /| N=2115
. !
Fatigue WOMAC function Wolfe, 19997 / N=2115*

Wolfe, 1999%! / N=2115
* WOMAC stiffness

Mental health score

Sharma, 2003 / N=257
0.6 OR

Role functioning emotional score

Sharma, 2003%® / N=257
NS OR

Psychological well being:
cheerfulness

van Baar, 19987 / N=185*

Self-efficacy score

Sharma, 2003%® / N=257
0.89/2.5points in OR

Functional self-efficacy

Harrison, 2004%%° / N=50
NS*

HR = hazard rate ratio; OR = odds ratio; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index;

Note: Bold = statistically significant association at 95% confidence level
*Linear regression; Strength of evidence was downgraded because single observational studies did not provide strong consistent and unbiased estimates
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Adults with good mental health had lower risk of having poor WOMAC function.?® Adults
with greater social support had lower risk of having poor WOMAC function.?® Several studies
found that depression and frustration demonstrated strong positive correlation with poor
functional status (Appendix Table F45)206 211 214-219

In summary, disability measures were associated with gait, mobility restrictions, muscle
strength, and range of motion measures, but the magnitude and clinical importance of the
associations remain unclear. Individual studies did not offer strong and consistent evidence for
determining which intermediate outcomes strongly and consistently predict patient-centered
outcomes.

Key Question 2a. What is the validity of the tests and measures used to
determine intermediate outcomes of physical therapy on OA in association
with patient-centered outcomes?

Validation of the tests and measures used to determine intermediate outcomes of physical
therapy on knee OA was reported in 66 studies of 14,563 adults. Many articles reported
validation, but few demonstrated a strong (more than 50 percent) correlation between index and
reference method measurements (Appendix Table F46). The studies used a variety of reference
methods and judged validity on the basis of statistically significant correlation coefficients.
Strength of correlation varied across validity types (Appendix Table F47).

We synthesized the evidence of the correlation between intermediate and patient-centered
outcomes. Mean age averaged around 64 years, and ranged from 29 to 67 (Appendix Table F48).
Women constituted 64 percent of the participants. Sample size of the studies varied with a
median of 109 and a mean of 254 participants. The American studies were the only ones to
include minorities, but they did not separately report those results. Some studies did not
distinguish patients with diagnosed knee OA from those with self-reported OA or knee pain. The
studies analyzed correlation coefficients between index and reference methods and did not use
strategies to reduce bias.

The correlation strength varied across measurements and reference standards for intermediate
outcomes (Appendix Table F49). Balance measures with Standing Balance Test correlated with
radiographic degenerative changes.””® The Knee Proprioception Test (quantified as the ability to
replicate target knee joint angles using a computerized dynamometer) did not correlate with
radiographic degenerative changes.””” Knee range of motion was assessed as self-reported
morning stiffness,?** Arthritis Impact Measurement Scale dexterity subscale,??? Knee Patient-
Specific Index,??® Lequesne index,??* or WOMAC stiffness subscale?** (Appendix Table F49). A
strong correlation was reported for the Knee Patient-Specific Index with the WOMAC Stiffness
scale®® and for the Lequesne Index with the WOMAC Stiffness subscale.??* A strong correlation
was demonstrated for range of motion to ipsilateral hip abduction with knee flexion on the
affected side.’”® Other tests demonstrated very weak or no correlation with patient-centered
outcomes (Appendix Table F50). Measurements of pain and function in relation to symptom
bother were validated with the Short Form Health Questionnaire,??® The Influence of Rheumatic
Disease on General Health and Lifestyle mobility subscale,?*’ or the Global Functional Rating??®
(Appendix Table F51).

Many studies used validated WOMAC subscales as a reference standard (Appendix Table
F52). The WOMAC scale is recommended to measure clinical outcomes in trials involving
adults with knee OA>® ?* because it is a validated instrument with different subscales for pain
and stiffness as well as for physical, social, and emotional function.>* 2%2*? Several studies
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examined whether the WOMAC satisfied the Rasch model (Rasch Item Response Theory)
(Appendix Table F53). To satisfy Rasch criteria, subscales must be unidimensional by measuring
the anticipated concept of pain and function and not have redundant items counting repeatedly
toward the overall score. One study of 655 patients with osteoarthritis of the knee or hip
concluded that pain and function subscales were unidimensional and did not collect redundant
information.?* The second study of 158 patients with knee or hip OA found that pain and
function items may represent the same construct and introduce redundancy for calculation of
overall score.>* A prospective cohort followed 1,151 adults with knee OA or hip OA for 1 year
after arthroplasty.?*® The authors concluded that prospectively collected responses evaluate
changes in functional status. The study suggested that when monitoring treatment effects with
WOMAC, certain items should be omitted, including night pain and pain on standing, heavy
domestic duties, getting in and out of the bath, and getting on and off the toilet.>*® All studies
recommended using WOMAC to measure patient-centered outcomes in adults treated for knee
OA.

Key Question 2b. Which intermediate outcomes meet the criteria of
surrogates for patient-centered outcomes?

In order to be considered surrogates for patient-centered outcomes, measurements in
functional impairments are expected to predict patient-centered outcomes. However, none of the
intermediate outcomes met this criterion. TEP members proposed gait as a feasible candidate for
a surrogate endpoint; however, no studies examined the association between gait and patient-
centered outcomes in adults with knee OA treated with physical therapy interventions. While a
single RCT concluded that knee pain and self-efficacy mediated the effects of exercise on stair
climb time,'® no evidence supported an association or predictive power between gait change and
patient-centered outcome change. A single longitudinal study of older adults demonstrated that
impaired gait and Physical Performance Test were independent predictors of nursing home
placement.?®® Three cohort studies, including The Einstein Aging Study,?®” the Chinese Elderly
Cohort,?*® and the Women's Health and Aging Study,”* examined the association between gait
and nursing home placement (Appendix Table F54). However, these studies included adults with
any etiology of gait problem, including neurological diseases or heart failure. Moreover,
definitions of impaired gait and magnitude of the association were inconsistent across the
studies.

Key Question 2c. What are minimum clinically important differences of the
tests and measures used to determine intermediate outcomes?

MCIDs refer to thresholds of change in outcomes measurements that result in statistically
significant changes in clinical outcomes. Such thresholds were determined comparing the
changes in performance measure with patient perception of improvement. Establishing accurate
MCIDs helps to clarify whether statistically significant changes in outcome measures actually
equate with patient opinions about treatment success and improved quality of life. MCIDs are
necessary for evaluating whether changes in commonly used outcomes measurements or scales
are of actual clinical importance to patients.

Thirty studies of 13,138 adults reported MCIDs. The studies used the anchor method, which
compares changes in scales with patient perception of improvements. MCIDs were available for
26 tools as absolute change in score or relative change as a percent difference from baseline
levels. The latter method incorporated baseline severity of the diseases (Appendix Table F55).
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Only a few studies defined MCID with the distribution method, which is based on distribution of
changes in outcomes measurements and defined MCID as an upper quartile of the distribution.

We identified 16 studies that determined (with slight variation) MCIDs in WOMAC scales
and subscales (Appendix Table F55). The Osteoarthritis Research Society International Standing
Committee for Clinical Trials determined that patient perception of “high” improvement in pain
corresponded to at least a 40 percent relative change in WOMAC with a minimum absolute
improvement of 20 to 30 NU (normalized units).** Patients noticed improvement when
WOMAC subscales changed by a margin of 17 to 22 percent of baseline scores.?*

Few studies determined Patient Acceptable Symptom State (PASS) for knee OA. PASS is
defined as the highest level of symptom patients can tolerate and still be satisfied with their
treatment. The studies that determined PASS used the same anchor method as they did for
determining MCIDs. However, the anchor questions used by these studies differed by
specifically asking patients whether they were satisfied with their functional status in relation to
daily activities and quality of life. PASS was determined for three scales (WOMAC, VAS for
pain, and the Patient Global Assessment) (Appendix Table F56).2%

MCIDs in SF-36 were determined for patients with severe knee OA before or after surgery
(Appendix Table F57).2**%% |n the SF-36, MCIDs were 12.83 for pain, 0.11 for general health,
0.76 for mental health, and 10.04 for physical functioning.?** At 6 months followup, mean
changes of 22 in an SF-36 bodily pain score and of 38 in physical functioning equated to patient
reports of feeling “a great deal better.”?*®> A variety of other tests and scales proposed MCIDs to
judge clinical effectiveness of treatments (including the Timed Up and Go,%*®%*’ the 6-Minute
Walk Test,?*®?*" and the Short Physical Performance Battery)**’ (Appendix Table F58).

Summary

In individual studies, muscle strength, range of motion, mobility restrictions, and gait were
associated with patient-centered outcomes, but individual studies did not provide consistent
strong evidence for robust conclusions. Many articles reported validation, but few demonstrated
a strong (more than 50 percent) correlation between index and reference method measurements.

Original studies concluded that tests were valid based on significance, not strength of
correlation. None of the intermediate outcomes met surrogate criteria for patient-centered
outcomes.

Validated tools defined threshold values of clinical importance for evaluating treatment
success, but studies more often used continuous measures of outcomes, providing an average
score for all patients in each treatment group with no evaluation of clinical importance. Average
scores, however, do not reveal how many patients develop disability, or experience clinically
meaningful improvement in pain, function, or quality of life.

Key Question 3. What are the harms from physical therapy interventions for
adult patients with chronic knee pain due to osteoarthritis, when compared
to no active treatment or active controls?

a. Which patient characteristics are associated with the harms of examined physical

therapy interventions?
b. Do harms differ by the duration of the treatment and time of followup?

Adverse events were uncommon and varied across interventions. Skin irritation was reported
with brace, insole, tape, and electrical stimulation; swelling with brace, diathermy, and exercise;
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muscle soreness with electrical stimulation; grumbling, warming, or throbbing sensation with
diathermy, electrical stimulation, and PEMF; increased pain with diathermy, exercise, insole, and
PEMF,; falls with insole; and need for surgery with diathermy. Rates of adverse events did not
differ significantly between treatment groups (Table 10). Nor were adverse events severe enough
to deter participants from continuing treatment.

Only four statistically significant findings were reported. Lund et al. found that adverse
events were six times more likely following land-based exercise than aquatic exercise, yet
insignificantly led to discontinuation.” Use of a 16mm lateral wedged insole resulted in more
pain than an 8mm lateral wedge.'*® Compared with neutrally wedged insoles, laterally wedged
insoles led to more back pain, foot pain, and other discomfort.'”” Hinman et al. reported that skin
irritation was more likely with therapeutic tape than control tape.™*’ Two studies compared skin
reactions with active electrical stimulation and inactive sham stimulation. The pooled analysis***
71 showed that electrical stimulation did not increase risk of skin irritation.
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Table 10. Adverse events reported with

hysical therapy for knee osteoarthritis

Relative Risk Strenath of
Treatment Definition of Adverse Events Studies Patients | Number Needed To g
Evidence
Treat To Harm
Adverse event including mild pain, mild
Diathermy vs. placebo swelling, feeling of vasodilatation, 1168 113 1.13 (0.30t0 4.31) Low
deterioration of pain, or needed operation
E-stim vs. placebo Mild skin reaction o017 136 1.02 (0.53t0 1.97) Low
Interferential (IF) and patterned muscle Adverse event including skin irritation, skin
stimulation vs. low-current transcutaneous burns, muscle soreness, electrical shock, 1249 109 0.57 (0.20 to 1.58) Low
electrical nerve stimulation and unanticipated adverse events
Aquatic exercise vs. land-based exercise Incree}sed pain during and after 1% 52 0.25 (0.08 t0 0.80) Low
exercise, or swollen knees 3 (2to 10)
Aguatic exercise vs. land-based exercise Discontinuation due to adverse effects 1% 52 0.14 (0.01 to 2.54) Low
Home based PrOQressIve EXErcise vs. home Adverse event, not specified 1%0 179 0.60 (0.21 to 1.78) Low
based control exercise
8 mm laterally wedged insole vs. 12 mm Popliteal pain, low back pain, or foot sole 1190 41 0.7 (0.13 to 3.76) Low
laterally wedged insole pain ) ) )
8 mm laterally wedged insole vs. 16 mm Popliteal pain, low back pain, or foot 1190 a1 0.23 (0.06 to 0.95) Low
laterally wedged insole sole pain 3 (2to 13)
12 mm laterally wedged insole vs. 16 mm Popliteal pain, low back pain, or foot sole 1190 42 0.33 (0.10 to 1.06) Low
laterally wedged insole pain ) ) )
Strapped insole vs. Inserted insole E;if]“teal pain, low back pain, or foot sole 1'% 90 5.74 (0.72 to 45.77) Low
Svgggézeirlgtoelreal wedge insole vs. neutrally Musculoskeletal symptoms 118 180 0.6 (0.231 to 1.58) Low
\?V gggé%ﬁr'gﬁga' wedge insole vs. neutrally | oo 1188 180 0.2 (0.02 to 1.68) Low
o degree lateral wedge insole v, neutraly | = 180 | 13303110579 | Low
5 degree laterally wedged insole vs. I 177 2.02 (1.31to0 3.12)
neutrally wedged insole Self reported problems with insoles 1 179 4(3 t0 10) Low
5 degree laterally wedged insole vs. . 177 9.10 (1.18 to 70.35)
neutrally wedged insole Back pain 1 179 11 (6 to 42) Low
5 degree laterally \_/vedged insole vs. Foot pain 1177 179 2.31 (1.33 to 4.03) Low
neutrally wedged insole
5 degree laterally wedged insole vs. Uncomfortable or difficulty fitting in 117 179 3.79 (1.31 to 10.99) Low
neutrally wedged insole shoes 5 (3to 13)
5 degree laterally yvedged insole vs. Increased knee pain 1M 179 0.40 (0.08 to 2.031) Low
neutrally wedged insole
5 degree laterally wedged insole vs. Felt unstable 1477 179 0.34 (0.01 to 8.16) Low

neutrally wedged insole
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Table 10. Adverse events reported with physical therapy for knee osteoarthritis (continued)

Relative Risk Strenath of
Treatment Definition of Adverse Events Studies Patients | Number Needed To N9
Evidence
Treat To Harm
5degree |aterally wedged insole vs. Any discomfort 1177 163 1.79 (1.17 to 2.74) Low
neutrally wedged insole
Medial insole vs. neutrally wedged insole Mild discomfort 117 30 0.29 (0.01 to0 6.69) Low
PEMF vs. placebo Grumbling or throbbing sensation 1™ 90 1(0.27 t0 3.75) Low
PEMF vs. placebo Warming sensation 1™ 90 6 (0.75 to 47.85) Low
PEMF vs. placebo ?t%%ﬂigg” of the osteoarthritic pain in the | ; 155 90 2 (0.19 to 21.28) Low
Therapeutic tape vs. control tape Skin irritation 157 58 3 g:(l);)to 59.95) Low

E-stim = electrical stimulation; PEMF = pulsed electromagnetic fields
Note: Bold = statistically significant association at 95% confidence level

53



Summary and Discussion

Key Findings

A number of important findings emerged from this review.

Efficacy of Physical Therapy Interventions

e Pooled analyses demonstrated (Figures 2 and 3) that core physical therapy interventions,
including aerobic and aquatic exercise, improved disability measures.
0 Aerobic and strengthening exercise reduced pain and improved function.
o Proprioception exercise reduced pain.

e Pooled analyses also found that Tai Chi improved short-term function, but with no
sustained benefit, and ultrasound reduced pain and improved function.

e Pooled analyses demonstrated that education programs, diathermy, orthotics, and
magnetic stimulation (PEMF) failed to show any benefits.

e The relative reduction in pain or disability with physical therapy interventions was less
than 30 percent (Figure 4).

e Research focused on individual physical therapy interventions, whereas typical physical
therapy practice uses combined interventions.

e Few physical therapy interventions were effective.

e No single physical therapy intervention improved all outcomes.

e Individual (nonpooled) RCTs failed to show consistent statistically significant, strong, or
clinically important changes in outcomes.

Comparative Effectiveness of Physical Therapy Interventions

We found limited evidence about comparative effectiveness of physical therapy
interventions:
e Pain measures did not differ between aerobic and aquatic exercises in pooled analyses.
e Pain did not differ between electrical stimulation and exercise in pooled analyses.
e Individual RCTs of other treatment comparisons found no consistent clinically important
differences in outcomes and did not support robust conclusions about the best treatment
option.

Role of Patient Characteristics in Modifying Treatment Effects

e Evidence from individual RCTs did not permit e robust conclusions about differences in
physical therapy effects by patient characteristics.
e Patients with high compliance to exercise tended to have better benefits.

Role of Duration or Intensity of Treatment

e The duration of examined interventions was not associated with better intermediate or
patient-centered outcomes.
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Evidence regarding the association between the dose/intensity/frequency of examined
interventions and outcomes did not permit robust conclusions for the majority of
comparisons.

The treatments that demonstrated statistically significant benefits (aerobic, aquatic, and
strengthening exercises and ultrasound) did not differ in effect at shorter versus longer
times of followup.

Electrical stimulation improved pain short term but significantly worsened pain at longer
followup.

Adverse Effects of Physical Therapy Interventions

Adverse events were uncommon and not severe enough to deter patients from continuing
treatment.

Adverse events varied across intervention and included: skin irritation with
brace/insole/tape/electrical stimulation, swelling with brace/diathermy/exercise, muscle
soreness with electrical stimulation, warming/throbbing sensation with diathermy/
electrical stimulation/PEMF, increased pain with diathermy/exercise/insole/PEMF, and
falls with insole.

Association Between Intermediate and Patient-Centered Outcomes

Gait, mobility restrictions, muscle strength, and range-of-motion measures were
associated with disability measures.

Individual studies did not offer strong evidence for determining which intermediate
outcomes strongly and consistently predict patient-centered outcomes.

Many articles reported validation, but few demonstrated a strong (more than 50 percent)
correlation between index and reference method measurements.

Original studies concluded that tests are valid based on significance, not strength of
correlation.

None of the intermediate outcomes met surrogate criteria for patient-centered outcomes.

Minimum Clinically Important Differences

Minimum clinically important differences of the tests were determined using the anchor
method, which compares changes in scales with patient perception of improvements.
Minimum clinically important differences were available as absolute change in score or
relative change as a percent difference from baseline levels, which accounts for baseline
severity of the disease.

Patient Acceptable Symptom State (PASS), defined as the highest level of symptom
patients can tolerate and still be satisfied with their treatment, was determined for three
scales (WOMAC, VAS for pain, and the Patient Global Assessment Scale).

Validated tools defined threshold values of clinical importance for evaluating treatment
success in adults with knee OA. In contrast, more often studies used continuous measures
of the outcomes, and provided an average score for all patients in each treatment group.
Clinical importance of such averages was not evaluated. Average scores do not provide
information how many patients develop disability or experience clinically meaningful
improvements in pain, function, or quality of life.
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Figure 2. Reduction in pain with physical therapy interventions vs. no active treatments at the
longest time of followup in adults with knee osteoarthritis, pooled with random effects
standardized mean difference from randomized controlled clinical trials

Physical therapy intervention (numbers of

Standardized Mean Difference (Cohen) (85% CI)

Education (511, L) _'|_ -0.09 (-0.32, 0.14)
Exercise aerobic (1221, L) e -0.21 (-0.35, -0.08)
Exercise aquaticl (303, L) -7 -0.17 (-0.39, 0.06)
Exercise proprioception (198, L) - -0.72 (-1.32, -0.12)
Exercise strength (788, L) - -0.69 (-1.24, -0.14)
Tai Chi (85, L) - -0.42 (-0.88, 0.03)
Orthotics (57, L*) L -1.61 (-2.21, -1.01)
Brace (40, L¥) - 1 -0.20 (-0.64, 0.24)
E stimulation (76, L) - 0.58 (0.09, 1.08)
Ultrasound (160, L) LB -0.74 (-0.95, -0.54)
PEMF (145, M) - T 0.01 (-0.42, 0.44)
Diathermy (183, L) L -0.01 (-0.27, 0.286)

T T

-2.21 0 221

Favors PT intervention Favors No PT intervention

ClI = confidence interval; L = low; M = moderate; Large magnitude of effect when reduction is more than 0.8 standard deviations
*The estimate was based on an individual study
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Figure 3. Reduction in disability with physical therapy intervention vs. no active treatment in
adults with knee osteoarthritis, pooled with random effects standardized mean difference from
randomized controlled clinical trials

Physical Therapy Intervention (Numbers of
Patients in Analyses, Strength of Evidence)

Standardized Mean Difference (Cchen) (95% CI)

Education (72, L*) — & -0.34(-0.81, 0.12)
Exercise aerobi¢ (808, L) | | -0.21 (-0.37, -0.04)
Exercise aquatic (303, L) T -0.28 (-0.51, -0.05)
Exercise strength (687, L) e -0.16 (-0.48, 0.186)
Tai Chi (123, L) — -0.27(-0.95, 0.42)
Orthotics (57, L*) - -1.62(-2.23, -1.02)
Brace (128, L™) = -0.16 {-0.51, 0.18)
E stimulation (98, M) =1 -0.28 (-0.69, 0.14)
Ultrasound (157, L) | -0.39 (-0.80, 0.02)
Diathermy (143, L) L -0.05(-0.34, 0.25)
I I
-2.23 0 223

Favors PT Intervention

Favors Mo PT Intervention

ClI = confidence interval; L = low; M = moderate; PT = physical therapy; Large magnitude of effect when reduction is more than
0.8 standard deviations
*The estimate was based on an individual study.
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Figure 4. Reduction in pain and disability with physical therapy interventions vs. no active
treatments at the longest time of followup in adults with knee osteoarthritis, pooled with random
effects ratio of means from randomized controlled clinical trials

Physical Therapy Interventions
Means Ratio (95% CI)

Pain

Education —— 0.91(0.77, 1.08)
Exercise aerobic - 0.89 (0.85, 0.94)
Exercise aquatic —_— 0.91(0.78, 1.07)
Exercise strength —— 0.78 (0.63, 0.96)
Exercise proprioception . — 0.69 (0.53, 0.91)
Tai Chi . 0.75 (0.55, 1.02)
E-stimulation —_—— 1.60 (1.14, 2.26)
PEMF —— 1.00 (0.84, 1.20)
Brace —_—— 0.86 (0.62, 1.20)
Diathermy —— 0.99 (0.84, 117)
Orthotics —— 0.35(0.25, 0.50)
Ultrasound —— 0.68 (0.61, 0.76)
Disability

Exercise aerobic —— 1.01 (0.92, 1.11)
Exercise aquatic —_— 0.92 (0.76, 1.11)
Exercise strength - 096 (0.88, 1.04)
Tai Chi —_— 092 (0.76, 1.11)
E-stimulation — 0.86 (0.70, 1.06)
Brace 1.36 (0.68, 2.70)
Diathermy —_—— 1.07 (0.87, 1.32)
Ultrasound —— 0.87 (0.77, 0.99)

I
03 1

Note: Means ratio of less than 1 means reduction in pain or disability.
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Our report addresses patient-centered outcomes including pain, disability, and quality of life
with physical therapy interventions for adults with knee OA. Our findings agree with previously
published guidelines® *’ and systematic reviews'®?° that reccommend exercise as an effective
physical therapy intervention. However, our analyses demonstrated that few physical therapy
interventions were effective, and no single intervention improved all outcomes.

Several factors affected the applicability of the research base. This lessened the degree to
which our synthesis can fully and accurately address the efficacy and comparative effectiveness
of physical therapy interventions for knee OA. Most important, current standards of physical
therapy practice involve combined interventions, whereas published studies have examined
individual physical therapy interventions. Our focus on randomized clinical trials, which equally
distribute concomitant treatments among groups to accurately estimate the effect of an examined
intervention, could not mitigate the impact of this discrepancy for several reasons. First, the trials
rarely tested combinations of therapies or provided information about all other treatments or
reported outcomes separately in patient subgroups by concomitant treatments. Second, clinical
care for adults with knee OA includes pharmacologic interventions, while our review is limited
to nonpharmacologic therapies,>*> thus further complicating our efforts. We tried to examine
how pain relievers (an extremely common concomitant treatment) may influence physical
therapy outcomes for pain, but rare and inconsistent reporting of drug treatments impeded
synthesis of evidence. Finally, heterogeneity in populations, treatments, and definitions of the
outcomes hampered strength of evidence to low or moderate in most cases.

Most often, strength of evidence was low due to exclusion of patients from the analyses,
inadequate allocation concealment, or unmasked outcome assessment. Few studies reported that
the researchers who assessed outcomes were unaware of the treatment status of the patients.®’ >
103, 111,254,255 The majority of trials had moderate risk of bias. We explored how risk of bias could
modify treatment effect with meta-regression and subgroup analyses and found no consistent
statistically significant changes. We excluded from pooled analyses studies with poorly reported
results, as well as trials that enrolled patients with knee or hip OA without separately reporting
the outcomes. Many trials failed to provide sufficient details about the interventions themselves,
their intensity, or the involvement of a physical therapist.?* %’

Examined physical therapy interventions included balance and coordination training,
biofeedback and muscle relaxation techniques, strength, power, and endurance training, and
functional training in self-care (Table 11). We tabulated the number of studies that described
individual physical therapy modalities as part of physical therapy interventions. Yet, since very
few studies precisely described modality type and intensity, we found it difficult to assess how
individual modalities contributed to treatment benefits.

Even when original studies did describe individual modalities, they rarely examined or
reported the role of physical therapists or physical therapist assistants (Figure 5). Fewer than half
of the studies described patient education or self-training, two essential components of physical
therapy practice.

The majority of strength exercises reported that physical therapists administered the
interventions (Figure 6). In contrast, fewer than half of the trials with aquatic exercise, and only
28 percent of trials of aerobic exercise stated that physical therapists administered interventions.
Future efforts are needed to improve reporting quality of physical therapy studies. Consolidated
Standards of Reporting Trials of nonpharmacologic treatments®® recommends that studies
include a detailed description of the interventional components and, when applicable,
individualized treatment recommendations as well as details about standardization of
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interventions and adherence of care providers with the protocol.?® Such detailed reporting would
shed light on how the direct involvement of physical therapists in treatment may contribute to
benefits from exercise in adults with knee OA.
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Table 11. Reported physical therapy modalities as components of the examined physical therapy interventions

Components of the Reportir_lg Exercis_e + Exerci_se Exerci_se Ex_ercise_ Exercise Exercise
Intervention (Modalities) Intervention Educathn Aeroblt_: Aquatlt_: Proprlocep_tlon Strengt_h Strength (C_:ER)
Components (# of Studies) (# of Studies) | (# of Studies) (# of Studies) (# of Studies) (# of Studies)

Aerobic capacity No 6 3 2 4 19 12
Aerobic capacity Unclear 3 0 0 0 0 0
Aerobic capacity Yes 1 29 9 0 6 0
Ba_lance,_cpordlnatlon, and No 7 29 8 1 29 10
agility training
Bqlgnce,.cgordlnatlon, and Unclear 3 0 0 0 0 0
agility training
Bqlgnce,.cgordlnatlon, and Yes 0 3 3 3 2
agility training
Education No 3 17 10 2 24 11
Education Yes 7 15 1 2 1 1
Exercise No 5 1 0 0 2 0
Exercise Yes 5 31 11 4 23 12
Flexibility exercise No 7 16 5 4 14 5
Flexibility exercise Unclear 3 0 0 0 0 0
Flexibility exercise Yes 0 16 6 0 11 7
Functional training in self-care No 4 22 11 4 20 9
Functional training in self-care Yes 6 10 0 0 5 3
Gait training No 7 31 11 3 23 12
Gait training Unclear 3 0 0 0 0 0
Gait training Yes 0 1 0 1 2 0
Manual therapy No 10 31 11 4 24 12
Manual therapy Yes 0 1 0 0 1 0
Muscle relaxation technique No 7 32 11 4 25 12
Muscle relaxation technique Unclear 3 0 0 0 0 0
Muscle relaxation technique Yes 0 0 0 0 0 0
Str.erllgth, power, and endurance No 7 4 1 5 2 0
training
Str_ength, power, and endurance Unclear 3 0 0 0 0 0
training
Str_ength, power, and endurance Yes 0 o8 10 > 23 12
training

Total 10 32 11 4 25 12

3.89 12.45 4.28 1.56 9.73 4.67

CER = Comparative effectiveness review
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Figure 5. Physical therapists’ involvement in administering modalities in trials that examined the
effectiveness of physical therapy interventions

=
-.'-‘
4]
.
o
"
%
¥
||‘
WYy

Aerobic capacity

Balance, coordination, and agility training — NG §
Biofeedback | |

Education | 1

)
-
»
.
=
|
%
W
|l‘
Yy
v
A
:\If
.
]
i)
-

Exercise

Flexibility exercise | |7 73 3555

Function training in self-care

)
':"
»
.
=

Gait training

manual therapy

l L

Muscle relaxation technique

B GO T A )

5]
)
o
L 3
14
~
"
-
H
LY

Strength, power, and endurance training

[an]

50 100 150 200 250
B NO OUnclear mYES

Note: Horizontal axis-number of studies that reported physical therapists’ involvement in administering each listed physical
therapy modality.



Figure 6. Physical therapists’ involvement in trials that examined the effectiveness of physical
therapy interventions
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Monitoring Treatment Success

Patients judge treatment success by reduction in pain®® and improvement in quality of life.*
Clinical trials of nonpharmacologic treatments focused on pain and various measures of
function.”® Reimbursement for physical therapy practice is currently driven by the validated
measures of functional impairments recommended by the American Physical Therapy
Association’s (APTA) Guide to Physical Therapist Practice.*” However, APTA’s Guide
recommends neither clinically important thresholds of change for such measures nor the
monitoring of treatment effects according to patient-centered outcomes. Thus, the Guide
provides no clear direction regarding routine assessment of patient-centered outcomes for
physical therapists in clinical practice.

Variability in definitions and measurements of outcomes affected our synthesis of evidence.
Although outcomes were reported as average scores for all patients in each treatment group, the
clinical importance of such averages was not evaluated. Average scores do not reflect how many
patients develop disability or experience clinically meaningful improvements in pain, function,
or quality of life. OARSI, however, has recommended that treatment success be evaluated
accorgignggto patient-centered outcomes and clinically important differences in the WOMAC
scale.”™

MCIDs refer to thresholds of change in outcomes measurements that result in clinically
significant improvements in pain, disability, quality of life, and patient satisfaction with
treatment. The studies described clinically important differences of 26 validated tests using the
anchor method, which compares changes in scales with patient perceptions of improvement.?
262 A tool that measures patient satisfaction (the Patient Acceptable Symptom State, or PASS)
was determined for three scales (WOMAC, VAS for pain, and the Patient Global Assessment).
PASS is used to identify the maximum level of symptom state that patients can tolerate and still
consider their health satisfactory and their treatment successful. PASS is gaining recognition as a
valid and reliable approach across many areas of medical practice, including rheumatology.*®
Expanded use of PASS could help to improve both the quality of physical therapy practice and
the impact of studies examining physical therapy interventions.

In contrast, the studies we examined did not categorize patients according to meaningful
improvement in pain, disability measures, or quality of life. Meaningful improvements in
patient-centered outcomes should define treatment success in physical therapy practice. Evidence
was lacking to determine the association between patient-centered outcomes and the
measurement of functional impairment that currently drive reimbursement for physical therapy
services._Future use of WOMAC in clinical trials, along with routine monitoring of treatment
success in physical therapy practice, would produce robust cumulative evidence of the benefits
of physical therapy modalities and interventions.

Limitations

Our report has several limitations. We relied on published information and did not contact
the principal investigators of poorly reported or unpublished studies. We evaluated selective
outcome reporting as described in the methods sections. Very few trials examined quality of life
as a clinical outcome. We did not contact the authors to clarify whether the trials did in fact
measure quality of life but did not report the results. When articles did not mention quality of life
assessment in methods sections, we assumed that the investigators did not aim to examine this
important outcome. Future research should identify minimum patient-oriented outcomes for use
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in clinical trials. All clinical trials examining physical therapy interventions should register in
Clinicaltrials.gov and provide a detailed protocol and links to associated publications.

Despite an exhaustive literature search, we cannot precisely estimate publication bias. We
found that less than 30 percent of eligible studies in ClinicalTrials.gov were published.

Several additional factors limited the research on this topic. Evidence to answer research
questions was low-strength in most cases. Due to variability in definitions of the outcomes, we
had to calculate standardized mean differences. Statistically significant differences in this
construct do not necessarily reflect the clinical importance of improvement in outcomes.
Evidence about treatment effects in patient subgroups did not permit robust recommendations for
individualized treatment. Minorities and patients with comorbidities are at higher risk of
disability and yet were underrepresented in clinical trials.

We did not evaluate adverse effects related to unmet patient expectations, insufficient use of
patient and provider time and resources, or treatments that were not cost effective. Nor did our
review include studies of postsurgical physical therapy treatments, where potential late benefits
of physical therapy interventions could be evident.

Future Research

Our report has implications for future research.?®* Benefits from physical therapy
interventions should be defined as clinically important improvement in pain, independence in
ADL, and quality of life. Treatment success should be estimated using rates of the patient-
centered outcomes.

Many physical therapy treatments are interventions directed at reducing disability. To best
guide future studies, research should address an accepted theoretical framework that describes
the relationship between impairments and disability.

Through meta-analyses of individual patient data from previously conducted RCTs,
researchers could categorize patients according to the clinical importance of the changes they
experience and analyze rates of patient-centered outcomes. Assuming investigators were willing
to share their data, meta-analyses of individual patient data could also provide good estimates of
treatment effects in patient subpopulations by age, comorbidity, severity of knee OA, and
concomitant treatments.

Future RCTs should examine comparative effectiveness of combined physical therapy
treatments that consist of effective individual modalities or interventions. Finally, researchers
should further examine the extent to which the benefits of exercise for adults with knee OA are
affected by the supervision provided by physical therapists or physical therapist assistants.

Our report points to areas for future research. Table 12 links a research agenda with each Key
Question.
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Table 12. Future research recommendations

Key Question

Results of Literature Review

Types of Studies Needed
To Answer Question

Future Research Recommendation

What are the
effectiveness and
comparative
effectiveness of
available physical
therapy interventions
(without drug
treatment) for adult
patients with chronic
knee pain due to OA
on intermediate and
patient-centered
outcomes when
compared to no active
treatment or another
active physical
therapy modality?

Few physical therapy interventions were
shown to be effective.

No single physical therapy intervention was
shown to improve all outcomes.

Research focused on individual physical
therapy interventions, in contrast with
common physical therapy practice of
combining interventions.

Pooled analyses demonstrated that:

- Aerobic and aquatic exercise
improved disability measures

- Aerobic and strengthening exercise
reduced pain and improved function

- Proprioceptive exercise reduced
pain

- Ultrasound improved function
Pooled analyses also demonstrated that the
following physical therapy interventions failed
to show any benefits:

- Specific education program

- Tai Chi

- Diathermy

- Orthotics

- Magnetic stimulation

Individual (nonpooled) RCTs failed to show
consistent statistically significant, strong, or
clinically important changes in outcomes.
Evidence about comparative effectiveness of
physical therapy interventions was limited.
Pooled analyses demonstrated that:

- Disability measures did not differ
with aerobic exercise vs. aquatic or vs.
strengthening exercise

- Pain did not differ with electrical
stimulation vs. exercise in pooled analyses
Individual RCTs of other treatment
comparisons did not find consistent clinically
important differences in outcomes and did not
permit robust conclusions about the best
treatment option.

Meta-analyses of individual
patient data

Randomized controlled
clinical trials

Pragmatic trials

Categorize patient outcomes according to clinically
important improvement in pain, disability, function, and
quality of life.

Examine combined interventions that reflect practice.
Provide detailed information about fidelity of the
treatments and involvement of physical therapists and
physical therapist assistants.

Examine preventive exercise interventions and self-
management of OA on incidence of disability in
community, primary care, and physical therapy settings.
Assess the patient-centered outcomes with robust
validated scales (WOMAC) and according important (to
patients) improvements in pain, function, and quality of
life.
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Table 12. Future research recommendations (continued)

Key Question

Results of Literature Review

Types of Studies Needed
To Answer Question

Future Research Recommendation

Which patient
characteristics are
associated with the
benefits of examined
interventions of
physical therapy on
intermediate and
patient-centered
outcomes?

Evidence from individual RCTs did not permit
robust conclusions about differences in
effects by patient characteristics.

Better treatment response was consistently
reported in exercise subgroups with high
compliance.

Meta-analyses of individual
patient data

Randomized controlled
clinical trials

Observational studies

Subgroup analyses by patient age, severity of OA,
multi-joint OA, prior and concomitant treatments.

The association between patient modifiable risk factors
for disability due to knee OA and incidence of pain,
disability, and impaired quality of life.

Do changes in
intermediate and
patient-centered
outcomes differ by the
dose, duration,
intensity, and
frequency of
examined
interventions of
physical therapy?

The duration of examined interventions was
not associated with better intermediate/
patient-centered outcomes.

Evidence regarding the association between
the doselintensity/frequency of examined
interventions and outcomes was very limited
for the majority of comparisons and did not
permit robust conclusions.

Meta-analyses of individual
patient data

Randomized controlled
clinical trials

Observational studies

Request from the authors detailed information about
dose, included modalities, duration, intensity, and
frequency of examined interventions. Re-analyze the
conducted studies according to this information.
Design trials that have enough power to detect
differences in patient-centered outcomes according to
dose, included modalities, duration, intensity, and
frequency of examined interventions.

Use administrative database to analyze treatment
utilization (drug, surgery) according to dose, included
modalities, duration, intensity, and frequency of physical
therapy interventions.

Do changes in
intermediate and
patient-centered
outcomes differ by the
time of followup?

Among those treatments that demonstrated
statistically significant improvement in
outcomes, the effects of aerobic, aquatic, and
strengthening exercises and ultrasound did
not differ at shorter vs. longer time of
followup.

Electrical stimulation improved pain at short
term of followup but significantly worsened
pain at longer time of followup.

Randomized controlled
clinical trials.
Observational studies

Design trials that have enough power to detect
differences in long-term patient-centered outcomes
Analyze treatment utilization (drug, surgery) according
to time of followup after physical therapy interventions.
Explore whether changes in intermediate outcomes
precede changes in disability measures and, if so, by
how much.
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Table 12. Future research recommendations (continued)

Key Question

Results of Literature Review

Types of Studies Needed
To Answer Question

Future Research Recommendation

What is the
association between
changes in
intermediate
outcomes with
changes in patient-
centered outcomes
after physical therapy
interventions?

Gait, mobility restrictions, muscle strength,
and range of motion measures were
associated with disability measures.
Individual observational studies did not offer
strong and consistent evidence for
determining which intermediate outcomes
strongly and consistently predict patient-
centered outcomes.

Meta-analyses of individual
patient data

Randomized controlled
clinical trials

Observational studies

Examine the association between responses in
intermediate outcomes with responses in patient-
centered outcomes. Response must be defined as
clinically important changes in measurements and
scales.

Use administrative databases in prospective and/pr
retrospective analyses of treatment utilization (drug,
surgery) and incidence of disability according to
response in intermediate outcomes driving
reimbursement for physical therapy services.

What is the validity of
the tests and
measures used to
determine
intermediate
outcomes of physical
therapy on OA in
association with
patient-centered
outcomes?

Validation was reported in many articles but
few demonstrated a strong (more than 50%)
correlation between index and reference
method measurements.

Original studies concluded that tests are valid
based on significance, not strength of
correlation.

Observational validation
studies

Define validity according to strength of the association
and diagnostic value of the tests.

Explore nonlinear association between intermediate
and patient-centered outcomes determining clinically
important thresholds in measurements and their
predictive value for disability and improved quality of
life.

Which intermediate
outcomes meet the
criteria of surrogates
for patient-centered
outcomes?

None of the intermediate outcomes met
surrogate criteria for patient-centered
outcomes.

Randomized controlled
clinical trials

Examine the responses in intermediate measurements
for predicting patient-centered outcomes with physical
therapy interventions. Response must be defined as
clinically important changes in measurements and
scales. Categorize the changes in intermediate
outcomes according to thresholds of clinical importance
rather than using linear regression that results on
statistically significant coefficients with questionable
clinical importance.
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Table 12. Future research recommendations (continued)

Key Question

Results of Literature Review

Types of Studies Needed
To Answer Question

Future Research Recommendation

What are minimum
clinically important
differences of the
tests and measures
used to determine
intermediate
outcomes?

Minimum clinically important differences of
the tests were determined using the anchor
method that compared changes in scales with
patient perception of improvements. Minimum
clinically important differences were available
as absolute change in score or relative
change as a percent difference from baseline
levels counting for baseline severity of the
disease.

Definition of the PASS that accounted for
patient satisfaction was available for WOMAC
scale, VAS for pain, and for Patient Global
Assessment Scale.

Validated tools defined threshold values of
clinical importance for evaluating treatment
success in adults with knee OA. In contrast,
more often studies used continuous
measures of the outcomes providing an
average score for all patients in each
treatment group. Clinical importance of such
averages was not evaluated. Average scores
did not provide information on how many
patients developed disability or experienced
clinically meaningful improvement in pain,
function, or quality of life.

Randomized controlled
clinical trials
Observational studies
Policy evaluation

Define PASS for intermediate outcomes driving
reimbursement for physical therapy services.

Examine whether payment decisions based on clinically
important improvement in quality of life reduce
incidence of disability.

What are the harms
from physical therapy
interventions available
for adult patients with
chronic knee pain due
to osteoarthritis when
compared to no active
treatment or active
controls?

Adverse events were uncommon and varied
across interventions. They included: skin
irritation with brace/insole/tape/e-stim,
swelling with brace/diathermy/exercise,
muscle soreness with e-stim,
warming/throbbing sensation with
diathermy/e-stim/PEMF, increased pain with
diathermy/exercise/insole/PEMF, and falls
with insole. Adverse events were not severe
enough to deter participants from continuing
treatment.

Randomized controlled
clinical trials

Observational studies

Cost effectiveness analyses

Collect information about all undesirable events patient
experienced irrespective of provider opinion about
relevance to physical therapy interventions.

CER = comparative effectiveness review; OA = osteoarthritis; PASS = patient acceptable symptom state; PEMF = pulsed electromagnetic fields; RCT = randomized clinical trials;
VAS = Visual Analog Scale
Note: Methodological recommendations are shown in italics.
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Appendix A. Literature Search Strings

June 7, 2010

AMED (Allied and Complementary Medicine)

| knee osteoarthritis.mp. or exp Osteoarthritis Knee | 446
Health and Psychosocial Instruments
| knee osteoarthritis.mp. or exp Osteoarthritis Knee | 34
Ovid Medline (R)
1 exp Treatment Outcome/ or exp Physical Therapy Modalities/ or exp "Outcome 761338
Assessment (Health Care)"/ or exp Questionnaires/
2 knee osteoarthritis.mp. or exp Osteoarthritis, Knee/ 6740
3 land2 2296
4 limit 3 to (abstracts and English language and full text and journal article and Ovid1l | 309
("therapy (sensitivity)" or "therapy (specificity)" or "therapy (optimized)" or
"diagnosis (sensitivity)" or "diagnosis (specificity)" or "diagnosis (optimized)" or
"prognosis (sensitivity)" or "prognosis (specificity)" or "prognosis (optimized)") and
last 15 years)
PubMed Medline
Search "Physical Therapy Modalities"[Mesh] AND "Osteoarthritis, Knee"[Mesh] Limits: Humans, 373
Journal Article, English
Search "Physical therapy" AND knee osteoarthritis Limits: Humans, Journal Article, English 336
July 22, 2010
Search Disability AND "knee osteoarthritis" Limits: Humans, Journal Article, English 472
Search "Disability Evaluation"[Mesh] AND "knee osteoarthritis" Limits: English 208

Cochrane Library "Physical Therapy Modalities and Osteoatrthritis, Knee in Cochrane Database of Systematic
Reviews" -75 records
Ovid Technologies, Inc. Email Service

Search for: limit 19 to (english language and yr="1990 -Current")
Database: Ovid Medline (R) <1950 to May Week 4 2010>
Search Strategy:

1 | exp Osteoarthritis, Knee/rh, the [Rehabilitation, Therapy] 921

2 | exp Pain/rh, the [Rehabilitation, Therapy] 36659
3 | exp osteoarthritis, knee/ 6253

4 | 2and3 155

5 |lor4 947

6 | exp Physical Therapy Modalities/ 97923
7 | 3and6 467

8 5o0r7 1012

9 | exp "Outcome and Process Assessment (Health Care)"/ 494044
10 | exp Pain Measurement/ 43738
11 | exp "Quality of Life"/ 82913
12 | exp "Activities of Daily Living"/ 40273
13 | exp Patient Satisfaction/ 43917
14 | exp Muscle Strength/ 9567
15 | exp "Recovery of Function"/ 18157
16 | outcome$.mp. 937806
17 | exp "Range of Motion, Articular"/ 23800
18 | 9or10orl1llorl2oril3orld4orl5orl6orl7 1110826
19 | 8and 18 685

20 | limit 19 to (english language and yr="1990 -Current") 619)




June 10 PubMed, Medline

| Search Osteoarthritis[Corporate Author] | 24
October 25, 2010
Search predictor disability knee osteoarthritis Limits: Humans, Journal Article, English 20
Search specificity AND knee osteoarthritis Limits: Humans, Journal Article, English 439
November 12, 2010

| Search Manual AND "knee osteoarthritis" | 71
December 10 2010

| Search patient acceptable symptom state | 46
July 14, 2011
Ovid, Medline
1 Osteoarthritis, Knee/rh, the [Rehabilitation, Therapy] 1089
2 exp Osteoarthritis, Knee/ 7250
3 exp Health Education/ 121363
4 exp Patient Education as Topic/ 62111
5 exp Health Knowledge, Attitudes, Practice/ 55919
6 exp Counseling/ 28798
7 3ordor5o0r6 188826
8 2and 7 109
9 limit 8 to english language 98
10 | limit 9 to (case reports or editorial) 6
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34 | exp Relaxation Therapy/ 6332
35 13 or 14 or150r16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or | 322420

29 0r300r31o0r32o0r33o0r34

36 | 12 and 35 1564
37 | limit 36 to english language 1435
38 | limit 37 to humans 1419
39 | limit 38 to (case reports or editorial) 59
40 | 38 not 39 1360
41 | exp Osteoarthritis, Knee/rh, the [Rehabilitation, Therapy] 1089
42 | exp Self Care/ 33911
43 | exp "Activities of Daily Living"/ 43159




44 | exp Orthopedic Equipment/ 67082
45 | functional training.mp. 161

46 | exp "Wounds and Injuries"/pc [Prevention & Control] 39788
47 | 42 or 43 or 44 or 45 or 46 180570
48 | 41 and 47 227

49 | limit 48 to english language 208

50 | limit 49 to (case reports or editorial) 10

51 | 49 not 50 198

52 | exp Osteoarthritis, Knee/rh, th [Rehabilitation, Therapy] 1089
53 | (assistive device$ or adaptive device$).mp. 894

54 | equipment training.mp. 65

55 | device training.mp. 26

56 | exp Occupational Therapy/ 8942
57 | exp Leisure Activities/ 123365
58 | exp Accidents, Occupational/pc [Prevention & Control] 4338
59 | exp Occupational Diseases/pc [Prevention & Control] 17424
60 | 53 or 54 or 55 or 56 or 57 or 58 or 59 153349
61 | 52 and 60 113

62 | limit 61 to english language 100

63 | limit 62 to (case reports or editorial) 4

64 | 62 not63 96

65 | exp Osteoarthritis, Knee/rh, th [Rehabilitation, Therapy] 1089
66 | manual therap$.mp. 782

67 | (mobilization or manipulation).mp. 82551
68 | exp Traction/ 5318
69 | exp Musculoskeletal Manipulations/ 10444
70 | exp Manipulation, Orthopedic/ 3183
71 | exp "Range of Motion, Articular"/ 26254
72 | passive range of motion.mp. 491

73 66 or 67 or68 or69 or 70 or 71 or 72 118016
74 | 65and 73 144

75 | limit 74 to english language 136

76 | limit 75 to (case reports or editorial) 6

77 | 75n0t76 130

78 | exp Osteoarthritis, Knee/rh, th [Rehabilitation, Therapy] 1089
79 | exp Self-Help Devices/ 7276
80 | exp Orthopedic Equipment/ 67082
81 | exp Bandages/ 17549
82 | (adaptive device$ or assistive device$).mp. 894

83 | orthotic device$.mp. 4469
84 | protective device$.mp. 10325
85 | supportive device$.mp. 39

86 | 79 0r80 or 81 or 82 or 83 or84 or85 101256
87 | 78 and 86 128

88 | limit 87 to english language 115

89 | limit 88 to (case reports or editorial) 7

90 | 88 not89 108

91 | exp osteoarthritis, knee/ 7250
92 | exp lontophoresis/ 6454
93 | exp Electric Stimulation/ 111391
94 | exp Electric Stimulation Therapy/ 50317
95 | 92 0r93o0r94 165802
96 | 91 and 95 80

97 | (ems or fes or hvpc or nmes or tens).mp. 14879
98 | 91 and 97 25

99 | 960r98 82

100 | limit 99 to english language 70

101 | limit 100 to (case reports or editorial) 3

102 | 100 not 101 67




103 | exp osteoarthritis, knee/ 7250
104 | exp Physical Therapy Modalities/ 104002
105 | exp Magnetic Field Therapy/ 4751
106 | exp Cryotherapy/ 18562
107 | exp Hydrotherapy/ 16153
108 | exp Ultrasonic Therapy/ 7694
109 | exp Hot Temperature/tu [Therapeutic Use] 2591
110 | exp Hyperthermia, Induced/ 20568
111 | exp Bandages/ 17549
112 | exp Intermittent Pneumatic Compression Devices/ 286
113 | exp Stockings, Compression/ 661
114 | exp Motion Therapy, Continuous Passive/ 485
115 | 104 or 105 or 106 or 107 or 108 or 109 or 110 or 111 or 112 or 113 or 114 159321
116 | 103 and 115 633
117 | limit 116 to english language 556
118 | limit 117 to (case reports or editorial) 28
119 | 117 not 118 528
120 | exp osteoarthritis, knee/ 7250
121 | exp Treatment Outcome/ 499636
122 | treatment duration.mp. 3753
123 | treatment intensity.mp. 567
124 | exp Patient Care Team/ 47915
125 | exp Patient Care Planning/ or exp "Continuity of Patient Care"/ or exp Case Management/ 57332
126 | coordinated care.mp. 412
127 | exp Combined Modality Therapy/ 174206
128 | exp Interdisciplinary Communication/ 6510
129 | interdisciplinary.mp. 20982
130 | 121 or 122 or 123 or 124 or 125 or 126 or 127 or 128 or 129 747717
131 | 120 and 130 1936
132 | limit 131 to english language 1727
133 | limit 132 to (case reports or editorial) 73
134 | 132 not 133 1654
135 | exp osteoarthritis, knee/ 7250
136 | lower extremity functional scale.mp. 54
137 | lefs.mp. 56
138 | arthritis impact measurement scale.mp. 108
139 | patient specific functional scale.mp. 40
140 | psfs.mp. 143
141 | outpatient physical therapy improvement in movement assessment log.mp. 2

142 | (optimal and log).mp. 1320
143 | gait speed.mp. 899
144 | single leg stance.mp. 213
145 | tandem stance.mp. 74
146 | manual muscle test.mp. 126
147 | manual therapy.mp. or exp musculoskeletal manipulations/ 10730
148 | exp synovitis/us 260
149 | muscle relaxation.mp. or exp muscle relaxation/ 27533
150 | quadriceps strengthening.mp. 70
151 | exp quadriceps muscle/ 1335
152 | strengthening.mp. 10222
153 | 151 and 152 35
154 | 150 or 153 91
155 | patellar taping.mp. 52
156 | exp patella/ 7389
157 | taping.mp. 716
158 | 156 and 157 55
159 | 155 or 158 71
160 | functional training.mp. 161
161 | medical device$.mp. 5440




162 | exp "equipment and supplies"/ 991094

163 | device$.mp. 192212

164 | 162 and 163 100683

165 | 161 or 164 103180

166 | patient education.mp. or exp patient education/ 68929

167 | exp hydrotherapy/ or aquatic therapy.mp. 16169

168 | 136 or 137 or 138 or 139 or 140 or 141 or 142 or 143 or 144 or 145 or 146 or 147 or 148 or 227807
149 or 154 or 159 or 160 or 165 or 166 or 167

169 | 135 and 168 408

170 | limit 169 to english language 370

Updated search Ovid MEDLINE(R) 1946 to December Week 4, 2011

# Searches Results

1 exp Arthrometry, Articular/ 399

2 exp Biological Markers/ 517639

3 exp "Predictive Value of Tests"/ 114791

4 exp "Sensitivity and Specificity"/ 342804

5 exp exercise test/ 44821

6 exp Osteoarthritis, Knee/ 7686

7 exp Osteoarthritis, Hip/ 4847

8 6or7 11636

9 lor2or3or4or5 865620

10 8and9 922

11 exp Prognosis/ 896179

12 exp Disease Progression/ 94240

13 exp Treatment Outcome/ 517052

14 clinical outcome$.mp. 56645

15 exp "Quality of Life"/ 94592

16 exp Pain/ 267912

17 exp Disability Evaluation/ 33526

18 exp Disabled Persons/ 40737

19 disabilit$.mp. 146918

20 11orl12o0r13orl4orl50rl16orl17or18or19 1438823

21 10 and 20 343

22 limit 21 to (humans and yr="1990 -Current") 336

23 limit 22 to updaterange="mesz(20120104112127-20120104112127]" 0

# Searches Results

1 exp osteoarthritis, knee/ 7686

2 lower extremity functional scale.mp. 54

3 lefs.mp. 57

4 arthritis impact measurement scale.mp. 110

5 patient specific functional scale.mp. 41

6 psfs.mp. 148

7 outpatient physical therapy improvement in movement assessment log.mp. 2

8 (optimal and log).mp. 1362

9 gait speed.mp. 918

10 single leg stance.mp. 220

11 tandem stance.mp. 80

12 manual muscle test.mp. 134

13 manual therapy.mp. or exp musculoskeletal manipulations/ 11060

14 exp synovitis/us 285

15 muscle relaxation.mp. or exp muscle relaxation/ 27605

16 guadriceps strengthening.mp. 74

17 exp quadriceps muscle/ 1406

18 strengthening.mp. 10584

19 17 and 18 39

20 16 or 19 95

21 patellar taping.mp. 51




22 exp patella/ 7602
23 taping.mp. 715
24 22 and 23 54

25 2lor24 70

26 functional training.mp. 165
27 medical device$.mp. 5591
28 exp "equipment and supplies"/ 1001959
29 [limit 35 to english language] 0

30 exp osteoarthritis, knee/ 7686
31 lower extremity functional scale.mp. 54

32 lefs.mp. 57

33 arthritis impact measurement scale.mp. 110
34 patient specific functional scale.mp. 41

35 psfs.mp. 148
36 outpatient physical therapy improvement in movement assessment log.mp. 2

37 (optimal and log).mp. 1362
38 gait speed.mp. 918
39 single leg stance.mp. 220
40 tandem stance.mp. 80

41 manual muscle test.mp. 134
42 manual therapy.mp. or exp musculoskeletal manipulations/ 11060
43 exp synovitis/us 285
44 muscle relaxation.mp. or exp muscle relaxation/ 27605
45 guadriceps strengthening.mp. 74

46 exp quadriceps muscle/ 1406
47 strengthening.mp. 10584
48 46 and 47 39

49 45 or 48 95

50 patellar taping.mp. 51

51 exp patella/ 7602
1 exp osteoarthritis, knee/ 7686
2 exp lontophoresis/ 6461
3 exp Electric Stimulation/ 111459
4 exp Electric Stimulation Therapy/ 50928
5 2or3or4 166488
6 land5 83

7 (ems or fes or hvpc or nmes or tens).mp. 15294
8 land?7 25

9 6or8 86

10 limit 9 to english language 73

11 limit 10 to (case reports or editorial) 3

12 10 not 11 70

13 exp Osteoarthritis, Knee/ 7686
14 exp Health Education/ 122790
15 exp Patient Education as Topic/ 62839
16 exp Health Knowledge, Attitudes, Practice/ 57696
17 exp Counseling/ 29099
18 14 or150r16 or17 191995
19 13 and 18 113
20 limit 19 to english language 103
21 limit 20 to (case reports or editorial) 6

22 20 not 21 97

23 exp Osteoarthritis, Knee/rh, th [Rehabilitation, Therapy] 1159
24 exp Self Care/ 33912
25 exp "Activities of Daily Living"/ 43836
26 exp Orthopedic Equipment/ 68716
27 functional training.mp. 165
28 exp "Wounds and Injuries"/pc [Prevention & Control] 40720
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29 24 or 25 or 26 or 27 or 28 183761
30 23 and 29 248

31 limit 30 to english language 228

32 limit 31 to (case reports or editorial) 12

33 31 not 32 216

34 exp Osteoarthritis, Knee/rh, th [Rehabilitation, Therapy] 1159
35 (assistive device$ or adaptive device$).mp. 918

36 equipment training.mp. 68

37 device training.mp. 28

38 exp Occupational Therapy/ 9182
39 exp Leisure Activities/ 126029
40 exp Accidents, Occupational/pc [Prevention & Control] 4414
41 exp Occupational Diseases/pc [Prevention & Control] 17597
42 35 or 36 or 37 or 38 or 39 or 40 or 41 156505
43 34 and 42 115

44 limit 43 to english language 102

45 limit 44 to (case reports or editorial) 4

46 44 not 45 98

47 exp Osteoarthritis, Knee/rh, th [Rehabilitation, Therapy] 1159
48 manual therap$.mp. 825

49 (mobilization or manipulation).mp. 83447
50 exp Traction/ 5455
51 exp Musculoskeletal Manipulations/ 10753
52 exp Manipulation, Orthopedic/ 3297
53 exp "Range of Motion, Articular"/ 27623
54 passive range of motion.mp. 500

55 48 or 49 or 50 or 51 or 52 or 53 or 54 120477
56 47 and 55 149

57 limit 56 to english language 139

58 limit 57 to (case reports or editorial) 7

59 57 not 58 132

60 exp osteoarthritis, knee/ 7686
61 exp lontophoresis/ 6461
62 exp Electric Stimulation/ 111459
63 exp Electric Stimulation Therapy/ 50928
64 61 or 62 or 63 166488
65 60 and 64 83

66 (ems or fes or hvpc or nmes or tens).mp. 15294
67 60 and 66 25

68 65 or 67 86

69 limit 68 to english language 73

70 limit 69 to (case reports or editorial) 3

71 69 not 70 70

1 exp osteoarthritis, knee/ 7686

2 exp lontophoresis/ 6461

3 exp Electric Stimulation/ 111459
4 exp Electric Stimulation Therapy/ 50928
5 2or3or4 166488
6 land5 83

7 (ems or fes or hvpc or nmes or tens).mp. 15294
8 land?7 25

9 6or8 86

10 limit 9 to english language 73

11 limit 10 to (case reports or editorial) 3

12 10 not 11 70

13 exp Osteoarthritis, Knee/ 7686
14 exp Health Education/ 122790
15 exp Patient Education as Topic/ 62839




16 exp Health Knowledge, Attitudes, Practice/ 57696
17 exp Counseling/ 29099
18 14 or150r16o0r17 191995
19 13 and 18 113

20 limit 19 to english language 103

21 limit 20 to (case reports or editorial) 6

22 20 not 21 97

23 exp Osteoarthritis, Knee/rh, th [Rehabilitation, Therapy] 1159
24 exp Self Care/ 33912
25 exp "Activities of Daily Living"/ 43836
26 exp Orthopedic Equipment/ 68716
27 functional training.mp. 165

28 exp "Wounds and Injuries"/pc [Prevention & Control] 40720
29 24 or 25 or 26 or 27 or 28 183761
30 23 and 29 248

31 limit 30 to english language 228

32 limit 31 to (case reports or editorial) 12

33 31 not 32 216

34 exp Osteoarthritis, Knee/rh, th [Rehabilitation, Therapy] 1159
35 (assistive device$ or adaptive device$).mp. 918

36 equipment training.mp. 68

37 device training.mp. 28

38 exp Occupational Therapy/ 9182
39 exp Leisure Activities/ 126029
40 exp Accidents, Occupational/pc [Prevention & Control] 4414
41 exp Occupational Diseases/pc [Prevention & Control] 17597
42 35 0or 36 or 37 or 38 or 39 or 40 or 41 156505
43 34 and 42 115

44 limit 43 to english language 102

45 limit 44 to (case reports or editorial) 4

46 44 not 45 98

47 exp Osteoarthritis, Knee/rh, th [Rehabilitation, Therapy] 1159
48 manual therap$.mp. 825

49 (mobilization or manipulation).mp. 83447
50 exp Traction/ 5455
51 exp Musculoskeletal Manipulations/ 10753
52 exp Manipulation, Orthopedic/ 3297
53 exp "Range of Motion, Articular"/ 27623
54 passive range of motion.mp. 500

55 48 or 49 or 50 or 51 or 52 or 53 or 54 120477
56 47 and 55 149

57 limit 56 to english language 139

58 limit 57 to (case reports or editorial) 7

59 57 not 58 132

60 exp osteoarthritis, knee/ 7686
61 exp lontophoresis/ 6461
62 exp Electric Stimulation/ 111459
63 exp Electric Stimulation Therapy/ 50928
64 61 or 62 or 63 166488
65 60 and 64 83

66 (ems or fes or hvpc or nmes or tens).mp. 15294
67 60 and 66 25

68 65 or 67 86

69 limit 68 to english language 73

70 limit 69 to (case reports or editorial) 3

71 69 not 70 70

72 Osteoarthritis, Knee/rh, th [Rehabilitation, Therapy] 1159
73 exp Osteoarthritis, Knee/ 7686
74 exp Exercise Therapy/ 23991




75 exp Exercise/ 90305
76 exp Exercise Movement Techniques/ 4266
77 exp Physical Endurance/ 20700
78 (aerobic capacity or aerobic endurance).mp. 2897
79 (conditioning or reconditioning).mp. 78627
80 propulsion.mp. 2263
81 aguatic.mp. 17409
82 (gait training or locomotor training).mp. 564
83 increased workload.mp. 361
84 exp "Range of Motion, Articular"/ 27623
85 muscle lengthening.mp. 145
86 stretching.mp. 12145
87 locomotion training.mp. 9
88 exp Physical Therapy Modalities/ 107756
89 (implement training or device training or perceptual training).mp. 151
90 exp Muscle Strength/ 12275
91 (strength training or power training or endurance training).mp. 4793
92 exp Postural Balance/ 11506
93 body mechanics.mp. 154
94 (balance training or coordination training or agility training).mp. 430
95 exp Relaxation Therapy/ 6378
96 74 or 75 0r 76 or 77 or 78 or 79 or 80 or 81 or 82 or 83 or 84 or 85 or 86 or 87 or 88 or 89 or | 354657
90 or 91 or 92 or 93 or 94 or 95
97 73 and 96 1835
98 limit 97 to english language 1685
929 limit 98 to humans 1670
100 | limit 99 to (case reports or editorial) 64
101 | 99 not 100 1606
102 | exp Osteoarthritis, Knee/rh, th [Rehabilitation, Therapy] 1159
103 | exp Self-Help Devices/ 7333
104 | exp Orthopedic Equipment/ 68716
105 | exp Bandages/ 17498
106 | (adaptive device$ or assistive device$).mp. 918
107 | orthotic device$.mp. 4561
108 | protective device$.mp. 10548
109 | supportive device$.mp. 41
110 | 103 or 104 or 105 or 106 or 107 or 108 or 109 103142
111 | 102 and 110 141
112 | limit 111 to english language 127
113 | limit 112 to (case reports or editorial) 8
114 | 112 not 113 119
115 | exp osteoarthritis, knee/ 7686
116 | exp Physical Therapy Modalities/ 107756
117 | exp Magnetic Field Therapy/ 4963
118 | exp Cryotherapy/ 18239
119 | exp Hydrotherapy/ 16297
120 | exp Ultrasonic Therapy/ 7813
121 | exp Hot Temperature/tu [Therapeutic Use] 2594
122 | exp Hyperthermia, Induced/ 20909
123 | exp Bandages/ 17498
124 | exp Intermittent Pneumatic Compression Devices/ 294
125 | exp Stockings, Compression/ 695
126 | exp Moation Therapy, Continuous Passive/ 487
127 | 116 0r117 or 118 or 119 or 120 or 121 or 122 or 123 or 124 or 125 or 126 163035
128 | 115 and 127 659
129 | limit 128 to english language 576
130 | limit 129 to (case reports or editorial) 30
131 | 129 not 130 546
132 | exp osteoarthritis, knee/ 7686




133 | exp Treatment Outcome/ 517052
134 | treatment duration.mp. 3887
135 | treatment intensity.mp. 572
136 | exp Patient Care Team/ 48713
137 | exp Patient Care Planning/ or exp "Continuity of Patient Care"/ or exp Case Management/ 58119
138 | coordinated care.mp. 422
139 | exp Combined Modality Therapy/ 177227
140 | exp Interdisciplinary Communication/ 7056
141 | interdisciplinary.mp. 21869
142 | 133 0or 134 or 135 or 136 or 137 or 138 or 139 or 140 or 141 769089
143 | 132 and 142 2125
144 | limit 143 to english language 1908
145 | limit 144 to (case reports or editorial) 81
146 | 144 not 145 1827
147 | exp osteoarthritis, knee/ 7686
148 | lower extremity functional scale.mp. 54
149 | lefs.mp. 57
150 | arthritis impact measurement scale.mp. 110
151 | patient specific functional scale.mp. 41
152 | psfs.mp. 148
153 | outpatient physical therapy improvement in movement assessment log.mp. 2
154 | (optimal and log).mp. 1362
155 | gait speed.mp. 918
156 | single leg stance.mp. 220
157 | tandem stance.mp. 80
158 | manual muscle test.mp. 134
159 | manual therapy.mp. or exp musculoskeletal manipulations/ 11060
160 | exp synovitis/us 285
161 | muscle relaxation.mp. or exp muscle relaxation/ 27605
162 | quadriceps strengthening.mp. 74
163 | exp quadriceps muscle/ 1406
164 | strengthening.mp. 10584
165 | 163 and 164 39
166 | 162 or 165 95
167 | patellar taping.mp. 51
168 | exp patella/ 7602
169 | taping.mp. 715
170 | 168 and 169 54
171 | 167 or 170 70
172 | functional training.mp. 165
173 | medical device$.mp. 5591
174 | exp "equipment and supplies"/ 1001959
175 | device$.mp. 196430
176 | 174 and 175 102928
177 | 173 0or 176 105509
178 | patient education.mp. or exp patient education/ 69851
179 | exp hydrotherapy/ or aquatic therapy.mp. 16313
180 | 148 or 149 or 150 or 151 or 152 or 153 or 154 or 155 or 156 or 157 or 158 or 159 or 160 or | 231690
161 or1660r 171 or1720r177 or 178 or 179
181 | 147 and 180 432
182 | limit 181 to english language 390
183 | drug management.mp. 453
184 | exp patient care team/ 48713
185 | exp delivery of health care, integrated/ 6888
186 | integrated care.mp. 1018
187 | exp managed care programs/ 37913
188 | (managed care or coordinated care).mp. 28145
189 | exp Patient Education as Topic/ 62839
190 | exp Health Education/ 122790
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191 | drug surveillance.mp. 428
192 | exp drug monitoring/ 11592
193 | 183 or 184 or 185 or 186 or 187 or 188 or 189 or 190 or 191 or 192 226362
194 | exp patient compliance/ 44452
195 | exp patient satisfaction/ 49973
196 | exp patient care management/ 459932
197 | 194 or 195 or 196 536805
198 | exp migraine disorders/dt 5882
199 | 193 and 198 111
200 | 197 and 198 353

Updated search in February 29, 2012
Ovid Technologies, Inc. Email Service

Search for: limit 305 to english language
Results: 100

Database: Ovid MEDLINE(R) <1946 to February Week 4 2012>
Search Strategy:

Osteoarthritis, Knee/rh, th [Rehabilitation, Therapy] (1190)
exp Osteoarthritis, Knee/ (7907)

exp Health Education/ (123620)

exp Patient Education as Topic/ (63339)

exp Health Knowledge, Attitudes, Practice/ (58629)

exp Counseling/ (29342)

3ordor5or6 (193764)

2 and 7 (114)

limit 8 to english language (104)

10 limit 9 to (case reports or editorial) (6)

11 9 not 10 (98)

12 exp Osteoarthritis, Knee/ (7907)

13 exp Exercise Therapy/ (24372)

14 exp Exercise/ (91673)

15 exp Exercise Movement Techniques/ (4330)

16 exp Physical Endurance/ (20945)

17 (aerobic capacity or aerobic endurance).mp. (2938)

18 (conditioning or reconditioning).mp. (79440)

19 propulsion.mp. (2288)

20 aquatic.mp. (17727)

21 (gait training or locomotor training).mp. (578)

22 increased workload.mp. (365)

23 exp "Range of Motion, Articular"/ (28011)

24 muscle lengthening.mp. (146)

25 stretching.mp. (12308)

26 locomotion training.mp. (9)

27 exp Physical Therapy Modalities/ (108793)

28 (implement training or device training or perceptual training).mp. (153)
29 exp Muscle Strength/ (12626)

30 (strength training or power training or endurance training).mp. (4846)
31 exp Postural Balance/ (11704)

32 body mechanics.mp. (156)

33 (balance training or coordination training or agility training).mp. (439)
34 exp Relaxation Therapy/ (6427)

35 13 or 14 or150r 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or
32 or 33 or 34 (358887)

36 12 and 35 (1902)

37 limit 36 to english language (1749)

38 limit 37 to humans (1733)

39 limit 38 to (case reports or editorial) (73)

40 38 not 39 (1660)
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41
42
43
44
45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60

62
63
64
65

67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97

99

100
101
102

exp Osteoarthritis, Knee/rh, th [Rehabilitation, Therapy] (1190)
exp Self Care/ (34322)

exp "Activities of Daily Living"/ (44317)

exp Orthopedic Equipment/ (69264)

functional training.mp. (167)

exp "Wounds and Injuries"/pc [Prevention & Control] (41151)
42 or 43 or 44 or 45 or 46 (185606)

41 and 47 (259)

limit 48 to english language (238)

limit 49 to (case reports or editorial) (13)

49 not 50 (225)

exp Osteoarthritis, Knee/rh, th [Rehabilitation, Therapy] (1190)
(assistive device$ or adaptive device$).mp. (930)

equipment training.mp. (70)

device training.mp. (28)

exp Occupational Therapy/ (9232)

exp Leisure Activities/ (127534)

exp Accidents, Occupational/pc [Prevention & Control] (4437)
exp Occupational Diseases/pc [Prevention & Control] (17677)
53 or 54 or 55 or 56 or 57 or 58 or 59 (158167)

52 and 60 (122)

limit 61 to english language (107)

limit 62 to (case reports or editorial) (5)

62 not 63 (102)

exp Osteoarthritis, Knee/rh, th [Rehabilitation, Therapy] (1190)
manual therap$.mp. (840)

(mobilization or manipulation).mp. (84467)

exp Traction/ (5480)

exp Musculoskeletal Manipulations/ (10857)

exp Manipulation, Orthopedic/ (3318)

exp "Range of Motion, Articular"/ (28011)

passive range of motion.mp. (503)

66 or 67 or 68 or 69 or 70 or 71 or 72 (121941)

65 and 73 (153)

limit 74 to english language (143)

limit 75 to (case reports or editorial) (7)

75 not 76 (136)

exp Osteoarthritis, Knee/rh, th [Rehabilitation, Therapy] (1190)
exp Self-Help Devices/ (7394)

exp Orthopedic Equipment/ (69264)

exp Bandages/ (17621)

(adaptive device$ or assistive device$).mp. (930)

orthotic device$.mp. (4608)

protective device$.mp. (10616)

supportive device$.mp. (42)

79 or 80 or 81 or 82 or 83 or 84 or 85 (103946)

78 and 86 (147)

limit 87 to english language (133)

limit 88 to (case reports or editorial) (9)

88 not 89 (124)

exp osteoarthritis, knee/ (7907)

exp lontophoresis/ (6503)

exp Electric Stimulation/ (112571)

exp Electric Stimulation Therapy/ (51546)

92 or 93 or 94 (168235)

91 and 95 (85)

(ems or fes or hvpc or nmes or tens).mp. (15513)

91 and 97 (25)

96 or 98 (88)

limit 99 to english language (75)

limit 100 to (case reports or editorial) (3)

100 not 101 (72)
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103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
or

exp osteoarthritis, knee/ (7907)

exp Treatment Outcome/ (526614)

treatment duration.mp. (3967)

treatment intensity.mp. (576)

exp Patient Care Team/ (49041)

exp Patient Care Planning/ or exp "Continuity of Patient Care"/ or exp Case Management/ (58505)
coordinated care.mp. (428)

exp Combined Modality Therapy/ (179059)

exp Interdisciplinary Communication/ (7280)

interdisciplinary.mp. (22266)

104 or 105 or 106 or 107 or 108 or 109 or 110 or 111 or 112 (780767)
103 and 113 (2192)

limit 114 to english language (1973)

limit 115 to (case reports or editorial) (90)

115 not 116 (1883)

exp osteoarthritis, knee/ (7907)

lower extremity functional scale.mp. (54)

lefs.mp. (57)

arthritis impact measurement scale.mp. (110)

patient specific functional scale.mp. (47)

psfs.mp. (153)

outpatient physical therapy improvement in movement assessment log.mp. (2)
(optimal and log).mp. (1385)

gait speed.mp. (949)

single leg stance.mp. (221)

tandem stance.mp. (80)

manual muscle test.mp. (136)

manual therapy.mp. or exp musculoskeletal manipulations/ (11170)
exp synovitis/us (292)

muscle relaxation.mp. or exp muscle relaxation/ (27846)
quadriceps strengthening.mp. (76)

exp quadriceps muscle/ (1463)

strengthening.mp. (10798)

134 and 135 (41)

133 or 136 (98)

patellar taping.mp. (52)

exp patella/ (7634)

taping.mp. (723)

139 and 140 (54)

138 or 141 (71)

functional training.mp. (167)

medical device$.mp. (5685)

exp "equipment and supplies"/ (1010757)

device$.mp. (199081)

145 and 146 (104249)

144 or 147 (106884)

patient education.mp. or exp patient education/ (70439)

exp hydrotherapy/ or aquatic therapy.mp. (16374)

119 or 120 or 121 or 122 or 123 or 124 or 125 or 126 or 127 or 128 or 129 or 130 or 131 or 132 or 137 or 142

143 or 148 or 149 or 150 (234130)

152
153
154
155
156
157
158
159
160
161
162

118 and 151 (443)

limit 152 to english language (401)

Osteoarthritis, Knee/rh, th [Rehabilitation, Therapy] (1190)
exp Osteoarthritis, Knee/ (7907)

exp Health Education/ (123620)

exp Patient Education as Topic/ (63339)

exp Health Knowledge, Attitudes, Practice/ (58629)
exp Counseling/ (29342)

156 or 157 or 158 or 159 (193764)

155 and 160 (114)

limit 161 to english language (104)
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163 limit 162 to (case reports or editorial) (6)

164 162 not 163 (98)

165 exp Osteoarthritis, Knee/ (7907)

166 exp Exercise Therapy/ (24372)

167 exp Exercise/ (91673)

168 exp Exercise Movement Techniques/ (4330)

169 exp Physical Endurance/ (20945)

170 (aerobic capacity or aerobic endurance).mp. (2938)

171 (conditioning or reconditioning).mp. (79440)

172 propulsion.mp. (2288)

173 aquatic.mp. (17727)

174 (gait training or locomotor training).mp. (578)

175 increased workload.mp. (365)

176 exp "Range of Motion, Articular"/ (28011)

177 muscle lengthening.mp. (146)

178 stretching.mp. (12308)

179 locomotion training.mp. (9)

180 exp Physical Therapy Modalities/ (108793)

181 (implement training or device training or perceptual training).mp. (153)
182 exp Muscle Strength/ (12626)

183 (strength training or power training or endurance training).mp. (4846)
184 exp Postural Balance/ (11704)

185 body mechanics.mp. (156)

186 (balance training or coordination training or agility training).mp. (439)
187 exp Relaxation Therapy/ (6427)

188 166 or 167 or 168 or 169 or 170 or 171 or 172 or 173 or 174 or 175 or 176 or 177 or 178 or 179 or 180 or 181
or

182 or 183 or 184 or 185 or 186 or 187 (358887)

189 165 and 188 (1902)

190 limit 189 to english language (1749)

191  limit 190 to humans (1733)

192 limit 191 to (case reports or editorial) (73)

193 191 not 192 (1660)

194 exp Osteoarthritis, Knee/rh, th [Rehabilitation, Therapy] (1190)
195 exp Self Care/ (34322)

196 exp "Activities of Daily Living"/ (44317)

197 exp Orthopedic Equipment/ (69264)

198 functional training.mp. (167)

199 exp "Wounds and Injuries"/pc [Prevention & Control] (41151)
200 195 or 196 or 197 or 198 or 199 (185606)

201 194 and 200 (259)

202 limit 201 to english language (238)

203 limit 202 to (case reports or editorial) (13)

204 202 not 203 (225)

205 exp Osteoarthritis, Knee/rh, th [Rehabilitation, Therapy] (1190)
206 (assistive device$ or adaptive device$).mp. (930)

207 equipment training.mp. (70)

208 device training.mp. (28)

209 exp Occupational Therapy/ (9232)

210 exp Leisure Activities/ (127534)

211 exp Accidents, Occupational/pc [Prevention & Control] (4437)
212 exp Occupational Diseases/pc [Prevention & Control] (17677)
213 206 or 207 or 208 or 209 or 210 or 211 or 212 (158167)

214 205 and 213 (122)

215 limit 214 to english language (107)

216 limit 215 to (case reports or editorial) (5)

217 215 not 216 (102)

218 exp Osteoarthritis, Knee/rh, th [Rehabilitation, Therapy] (1190)
219 manual therap$.mp. (840)

220 (mobilization or manipulation).mp. (84467)

221 exp Traction/ (5480)

222 exp Musculoskeletal Manipulations/ (10857)
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223  exp Manipulation, Orthopedic/ (3318)

224 exp "Range of Motion, Articular"/ (28011)

225 passive range of motion.mp. (503)

226 219 or 220 or 221 or 222 or 223 or 224 or 225 (121941)
227 218 and 226 (153)

228 limit 227 to english language (143)

229 limit 228 to (case reports or editorial) (7)

230 228 not 229 (136)

231 exp Osteoarthritis, Knee/rh, th [Rehabilitation, Therapy] (1190)
232 exp Self-Help Devices/ (7394)

233  exp Orthopedic Equipment/ (69264)

234 exp Bandages/ (17621)

235 (adaptive device$ or assistive device$).mp. (930)

236 orthotic device$.mp. (4608)

237 protective device$.mp. (10616)

238 supportive device$.mp. (42)

239 232 o0r 233 or 234 or 235 or 236 or 237 or 238 (103946)
240 231 and 239 (147)

241 limit 240 to english language (133)

242 limit 241 to (case reports or editorial) (9)

243 241 not 242 (124)

244  exp osteoarthritis, knee/ (7907)

245  exp lontophoresis/ (6503)

246  exp Electric Stimulation/ (112571)

247  exp Electric Stimulation Therapy/ (51546)

248 245 or 246 or 247 (168235)

249 244 and 248 (85)

250 (ems or fes or hvpc or nmes or tens).mp. (15513)

251 244 and 250 (25)

252 249 or 251 (88)

253 limit 252 to english language (75)

254 limit 253 to (case reports or editorial) (3)

255 253 not 254 (72)

256 exp osteoarthritis, knee/ (7907)
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