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Background. Efficient approaches are needed for delivering nonpharmacological inter-
ventions for management of knee osteoarthritis (OA).

Objective. This trial compared group-based versus individual physical therapy interven-
tions for management of knee OA.

Design and Methods. Three hundred twenty patients with knee OA at the VA Medical
Center in Durham, North Carolina, (mean age�60 years, 88% male, 58% nonwhite) were
randomly assigned to receive either the group intervention (group physical therapy; six 1-hour
sessions, typically 8 participants per group) or the individual intervention (individual physical
therapy; two 1-hour sessions). Both programs included instruction in home exercise, joint
protection techniques, and individual physical therapist evaluation. The primary outcome
measure was the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC;
range�0–96, higher scores indicate worse symptoms), measured at baseline, 12 weeks, and 24
weeks. The secondary outcome measure was the Short Physical Performance Battery (SPPB;
range�0–12, higher scores indicate better performance), measured at baseline and 12 weeks.
Linear mixed models assessed the difference in WOMAC scores between arms.

Results. At 12 weeks, WOMAC scores were 2.7 points lower in the group physical therapy
arm compared with the individual physical therapy arm (95% confidence interval [CI]��5.9,
0.5; P�.10), indicating no between-group difference. At 24 weeks, WOMAC scores were 1.3
points lower in the group physical therapy arm compared with the individual physical therapy
arm (95% CI��4.6, 2.0; P�.44), indicating no significant between-group difference. At 12
weeks, SPPB scores were 0.1 points lower in the group physical therapy arm compared with
the individual physical therapy arm (95% CI��0.5, 0.2; P�.53), indicating no difference
between groups.

Limitations. This study was conducted in one VA medical center. Outcome assessors were
blinded, but participants and physical therapists were not blinded.

Conclusions. Group physical therapy was not more effective than individual physical
therapy for primary and secondary study outcomes. Either group physical therapy or individual
physical therapy may be a reasonable delivery model for health care systems to consider.
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Knee osteoarthritis (OA) is one of
the most common chronic health
conditions and a leading cause of

pain and disability among adults.1–4 The
lifetime risk of knee OA may be as high as
45%,5 and the prevalence is rising.6 This
increased risk and prevalence will place
an increasing burden on health care sys-
tems. Multiple studies have highlighted
gaps in the use of nonpharmacological
strategies for managing knee OA.7–14

Physical therapy is one of the key com-
ponents of knee OA management, con-
sistently included in the treatment
guidelines of major professional organi-
zations.15–19 There is evidence that phys-
ical therapy, particularly exercise-based
physical therapy, reduces pain and
improves function in patients with knee
OA.20–25 However, physical therapy
includes diverse interventions, and the
research base is limited for the spectrum
of interventions provided by physical
therapists for knee OA, as well as the
effectiveness of different delivery mod-
els. Nonpharmacological interventions
provided by physical therapists range
from exercise to education in energy
conservation and joint protection to use
of assistive devices and braces.

Physical therapy of any sort is underuti-
lized for knee OA in some clinical set-
tings,26 with one recent study showing
that among patients who eventually
underwent knee arthroplasty, only 10%
had received any physical therapy for
their OA during the prior 5 years.27

Although factors underlying low use of
physical therapy for knee OA are not
clearly understood, delivery models that
maximize patient benefits (eg, peer sup-
port) and clinical efficiency would be
common-sense directions for improving
use of physical therapy for this popula-
tion. The American Physical Therapy
Association projected that by 2020 there
may be a shortage of physical therapists
in the range of about 9,000 to 40,000
nationally.28 This projection, coupled
with the estimated increase in patients
with knee OA, signals a need for
evidence-based models for delivering
physical therapy in an efficient manner.

Although physical therapy for knee OA
can be provided in one-on-one sessions,
a group-based approach also has promise

as a model for delivering some com-
monly used physical therapy interven-
tions for knee OA. This strategy mirrors
that of cardiac rehabilitation programs
and shared medical visits, both of which
are effective in targeted illnesses.29,30

Small studies have supported the efficacy
of group-based physical therapy follow-
ing joint replacement surgery,31,32 but
there is very limited evidence regarding a
group-based model of physical therapy
for patients with knee OA more gener-
ally.23,33 There are several reasons that
group-based physical therapy may be
particularly appropriate and effective in
the context of knee OA. First, delivering
physical therapy in a group setting can
be an efficient approach, potentially
allowing more visits per patient than an
individual physical therapy delivery
model with similar staffing resources.
The allowance of more visits per patient
could be important for helping patients
to adequately learn a home exercise pro-
gram, address problems with specific
exercises, and learn processes for ap-
propriate exercise progression. Second,
group visits are particularly useful in
the context of chronic conditions, such
as OA, that require education and sup-
port for a variety of self-care strate-
gies.34 Third, many components of
physical therapy for knee OA, such as
instruction in appropriate exercises,
can feasibly be delivered in a group-
based setting. Fourth, a group-based
structure can provide peer social sup-
port, which is an important factor in
promoting adherence to exercise-based
interventions.35,36

The objective of this trial was to compare
the effectiveness of physical therapist–
led individual and group-based delivery
of nonpharmacological interventions for
patients with knee OA. Physical therapy
interventions provided to patients in
both study arms included instruction in
an appropriate home exercise program,
education regarding joint protection and
activity pacing, and screening to ensure
appropriate provision of other non-
pharmacological interventions such as
braces, assistive devices, and shoe lifts.
Although the content was the same for
both interventions, the group-based pro-
gram was designed so that it could
extend services to more patients, for a
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greater number of sessions per patient,
and with overall lower staffing resources,
compared with the individual program.
Because the group-based model pro-
vided more sessions per patient, it
allowed more follow-up on educational
components and exercise progression,
more opportunities for participants to
ask questions of therapists, and peer sup-
port. Therefore, we hypothesized that
the group-based program would result in
greater improvement in pain and func-
tional outcomes compared with the indi-
vidual intervention.

Method
Design Overview
This was a randomized controlled trial
with equal allocation of patients to a
group-based physical therapy interven-
tion or an individual physical therapy
program, both led by physical therapists.
All study participants continued with
their usual medical care for knee OA. A
detailed description of study methods is
published elsewhere.37

Setting and Participants
All study participants were patients at
the VA Medical Center in Durham, North
Carolina. Study eligibility criteria were:
(1) prior diagnosis of knee OA; (2) pres-
ence of pain, aching stiffness, or swelling
in or around a knee with OA for most
days of the previous month; and (3) no
physical therapy for knee OA in the pre-
vious 6 months. Exclusion criteria are
described in detail elsewhere37; in sum-
mary, these criteria included systemic
rheumatic diseases, gout in knees, bilat-
eral knee replacement, any hip or knee
replacement in the preceding 6 months,
planning arthroplasty within the next 3
months, knee ligament or meniscus
injury in previous year, recent hospital-
ization for cardiovascular events or men-
tal health conditions, and current partic-
ipation in another OA-related or lifestyle
interventional study.

Participants were primarily recruited
using Durham VA Medical Center elec-
tronic medical records to identify
patients with knee OA. These patients
were mailed introductory letters and
then screened by telephone to further
assess eligibility. A small number of
enrolled participants were recruited via

self-referral in response to posted adver-
tisements (n�2) and provider referral
(n�5). All participants who were eligible
based on a screening telephone call were
asked to meet a research assistant at
the Durham VA Medical Center to com-
plete the consent process, enrollment,
and baseline assessments. Recruitment
began in March 2011 and was completed
in September 2013.

Randomization, Blinding, and
Interventions
Randomization and blinding. The
randomization sequence was computer
generated by the study statistician and
stratified by sex and race (white versus
nonwhite). Following baseline assess-
ments, participants were notified by the
study coordinator via telephone of their
randomization assignment. The group
assignment of each participant was not
known to the study coordinator until the
time that the participants were random-
ized. Outcome assessors who assessed
the performance-based outcome mea-
sures were blinded to participants’ ran-
domization assignments. The randomiza-
tion sequence was contained in the
password-protected study database and
concealed by restricting access only to
those whose study roles did not require
blinding. Because of the nature of this
study, it was not possible to blind either
participants or physical therapists to the
group assignments after randomization.

Overview of interventions. Both
interventions focused on initial manage-
ment of knee OA and involved the same
content, based on standard physical ther-
apies for knee OA and guidelines for non-
pharmacological management of knee
OA within the scope of practice for phys-
ical therapists and physical therapist
assistants with the North Carolina Board
of Physical Therapy Examiners.15–19,38,39

Both interventions emphasized exercise-
based therapy because studies indicate
that it is a key component of physical
therapy for knee OA.24,25,40 General com-
ponents included: (1) instruction in an
appropriate home exercise program; (2)
advice on progression of home exercise;
(3) instruction in strategies for pacing
daily activities and protecting joints; (4)
evaluation of specific areas of weakness
or inflexibility and of mobility, stability,

function, knee alignment, and possible
limb-length inequalities; and (5) based on
these evaluations, provision of appropri-
ate mobility aids, knee braces, and shoe
orthotic devices. If the physical therapist
recommended any of these aids, they
could be obtained by the participant
directly from the Durham VA Medical
Center. The intervention components
were packaged differently to accommo-
date the structure of the group physical
therapy and individual physical therapy
arms; details of both programs have been
described previously and are shown in
Table 1.37

Multiple physical therapists (n�5) and
physical therapist assistants (n�2) deliv-
ered the interventions to enhance gener-
alizability. The same physical therapists
were involved in both the group and
individual physical therapy arms. Physi-
cal therapist assistants were involved
only in the group physical therapy arm,
as described below. All physical thera-
pists were trained in the study interven-
tions before leading any physical therapy
sessions. Standard forms were used to
ensure that physical therapists’ evalua-
tions were completed consistently
across participants. The study principal
investigator (K.D.A.) conducted periodic
monitoring of group and individual phys-
ical therapy visits led by each physical
therapist to ensure adherence to the
study protocol.

Core exercises for the group and individ-
ual physical therapy programs included
4 stretching exercises (quadriceps mus-
cle stretch, calf stretch, hamstring mus-
cle stretch, and lower back and hip
stretch) and 6 strengthening exercises
(mini-squat, single-leg stand, chair stand,
heel raises, hip abduction, and step-ups),
based on an overall approach to enhanc-
ing lower extremity strength and flexibil-
ity.38 If participants could not perform an
exercise because of pain or functional
limitations, they were instructed in
appropriate modifications or substitu-
tions. Participants were instructed to
perform stretching exercises daily and
strengthening exercises 3 times weekly.
For each exercise, participants were
instructed to start with a minimum of 5
repetitions and to increase the number
of repetitions gradually until they could
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perform 2 sets of 10 repetitions. Once
participants could do 2 sets of 10 repe-
titions for a given exercise, they were
given options to increase the difficulty as
appropriate (eg, higher-tension therapy
band). Although the physical therapy
programs focused on strengthening and
stretching exercises, participants also
were encouraged to engage in appropri-
ate aerobic exercise, such as walking,
swimming, or water exercise. Partici-
pants were given written instructions
and photographs to illustrate the exer-
cises, logs to record their home exercise,
and therapy bands. To help enhance
attendance at physical therapy visits, par-
ticipants in both groups were given
reminder calls by the study coordinator
prior to each session.

Group-based physical therapy inter-
vention. The group physical therapy
program involved six 1-hour sessions,
every other week. We aimed for groups
to include 8 participants per group, and
they were jointly led by a physical ther-
apist and physical therapist assistant. The
physical therapist assistant taught and
led group exercises. Participants also
received 2 individual consultations/eval-
uations with the physical therapist, with

the first evaluation occurring during ses-
sion 1 or 2 and the second evaluation
occurring during session 3, 4, 5, or 6. On
average, the first evaluation took approx-
imately 15 minutes, and the second
evaluation took approximately 20 min-
utes. The physical therapy evaluations,
described in detail previously,37 includ-
ed: (1) examination of the knee for
edema (accompanied by appropriate
recommendations for heat, cold, and ele-
vation); (2) discussion of comorbidities
that may affect exercise prescription
and goals; (3) assessments of range of
motion, knee alignment, limb-length
equality, balance, and gait, accompanied
by recommendations for appropriate
assistive devices, braces, exercise modi-
fications, or other therapies; and (4)
review of patient’s progress with home
exercise and recommendations for
appropriate modifications.

Individual physical therapy inter-
vention. The individual physical ther-
apy program involved two 1-hour ses-
sions, approximately 2 weeks apart. The
initial visit included: (1) examination of
the knee for edema (accompanied by
appropriate recommendations for heat,
cold, and elevation); (2) discussion of

comorbidities that may affect exercise
prescription and goals; and (3) instruc-
tion in a home exercise program. The
second visit included: (1) assessments of
range of motion, knee alignment, limb-
length equality, balance, and gait, accom-
panied by recommendations for appro-
priate assistive devices, braces, exercise
modifications, or other therapies; (2) dis-
cussion of the participant’s progress
with the home exercise program and
recommendations for appropriate modi-
fications and progression; (3) observa-
tion of the participant performing pre-
scribed home exercises to assess correct
performance; and (4) instruction in activ-
ity pacing and joint protection.

Outcomes and Follow-up
Assessments were completed in person
at baseline and 12-week follow-up, with
allowance for telephone-based assess-
ments when participants could not come
to the Durham VA Medical Center for
follow-up assessment. Some outcomes
(the primary study outcome and self-
reported physical activity) also were
assessed via telephone at 24-week
follow-up to examine potential mainte-
nance of intervention effects. Measures
were administered by a trained re-
search assistant blinded to intervention
assignment.

Primary outcome. The primary out-
come measure for this study was the
Western Ontario and McMaster Universi-
ties Osteoarthritis Index (WOMAC), a
self-report measure of lower extremity
pain (5 items), stiffness (2 items), and
function (17 items) in the previous 2
weeks.41–43 All items are rated on a
5-point Likert scale ranging from 0
(“none”) to 4 (“severe”), with a possible
range of scores of 0 to 96 and with
higher scores indicating worse symp-
toms and functional limitations. In addi-
tion to the total WOMAC score, we sep-
arately examined the pain and function
subscales.

Secondary outcomes. The main,
specified secondary outcome selected
for this clinical trial was the Short Phys-
ical Performance Battery (SPPB),44,45

which includes tests of balance (3 assess-
ments), gait speed (2.44-m [8-ft] walk),
and chair stands (time to complete 5

Table 1.
Activities Occurring During Group and Individual Physical Therapy Sessionsa

Activity

Group Physical
Therapy Arm
Session No.

Individual Physical
Therapy Arm
Session No.

Instruction

Exercise program 1 1

Activity pacing 3 2

Joint protection 5 2

Physical therapist evaluation/consultation components

Evaluation for edema/instruction in use
of heat, cold, etc

1–2 1

Discussion of individual health issues affecting
exercise/develop exercise goals

1–2 1

Assessment of range of motion, alignment, etc 4–6 2

Review of progress toward exercise
goals/recommend modifications

4–6 2

Recommendations for referrals for braces,
orthotic devices, etc

4–6 2

Group exercise 1–6 N/A

Group discussion of exercise barriers/successes 2, 4, 6 N/A

a N/A�not applicable.
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chair stands). For each test grouping (bal-
ance, gait speed, chair stands), the score
can range from 0 to 4, with a total pos-
sible score range of 0 to 12 for all tests;
higher scores indicate better perfor-
mance. Per scoring instructions, partici-
pants who were unable to do a specific
test were given a score of 0.

We also report on several other out-
comes of relevance for patients with OA.
Participants completed a 6-minute walk,
according to standard procedures46; the
number of meters walked was recorded
at baseline and follow-up assessments.
For participants who declined or could
not perform the walk, scores were coded
as missing. We also assessed participants’
satisfaction with physical function using
a validated 5-item questionnaire that
assesses individuals’ satisfaction with
their ability to complete basic functional
tasks often affected by knee OA.47 All
items are rated on a 7-point Likert scale
ranging from �3 (“very dissatisfied”) to
�3 (“very satisfied”); the total score is
the average of the items. Self-reported
physical activity was measured with the
Community Health Activities Model Pro-
gram for Seniors (CHAMPS),48,49 which
assesses the frequency and duration of
light-to-vigorous activities during the pre-
vious 4 weeks; we examined weekly fre-
quency and duration of all exercise, as
well as moderate- or higher-intensity
exercise.

Participant characteristics. We col-
lected self-reported patient demographic
and clinical characteristics, including:
age, sex, race/ethnicity (reported as
white versus nonwhite), household
financial situation (with “inadequate
income” defined as having just enough to
meet basic expenses or not having
enough to meet basic expenses), educa-
tion level, marital status, work status
(employed full time or part time versus
other), general health (excellent, very
good, or good versus fair or poor), dura-
tion of OA symptoms, and knees with OA
(right, left, or both).

Calculation of intervention staffing
costs. To estimate per-patient staffing
costs of group and individual physical
therapy, we collected salary data for
study physical therapists and physical

therapist assistants. We used the average
of these salaries and calculated cost
ranges based on minimum and maximum
salaries for these positions. We added
30% for fringe benefits cost and 59%
for indirect costs based on previous
research.50 The average physical thera-
pist salary used in these calculations was
$70,561; minimum and maximum sala-
ries used to calculated ranges were
$65,371 and $75,751, respectively. After
accounting for fringe benefits and indi-
rect costs, the average physical therapist
hourly wage rate used for calculations
was $64.12 (range�$59.40–$68.83).
The average physical therapist assistant
salary used in these calculations was
$49,737; minimum and maximum sala-
ries used to calculated ranges were
$49,303 and $50,170, respectively. With
fringe benefits and indirect costs added,
the average hourly wage rate for
physical therapist assistants was $45.19
(range�$44.80–$45.59).

We calculated intervention costs using 2
alternative methods. First, to be consis-
tent with the intention-to-treat approach
of our primary analyses, we calculated
group and individual physical therapy
intervention costs if patients attended all
of their respective sessions. Second, we
calculated the intervention costs taking
into account participants’ session atten-
dance. Due to schedule logistics of par-
ticipants, some groups in the group
physical therapy program had 8 mem-
bers, whereas other groups had 7 mem-
bers; therefore, we calculated per-
patient group physical therapy cost
based on both of these group sizes.

Data Analysis
The sample size target for the study was
based on the primary hypothesis that the
group physical therapy program would
result in a significantly greater improve-
ment in WOMAC scores compared with
the individual physical therapy program.
Our goal was to have a sufficient sample
size to detect a medium effect size of
approximately 0.27 for the primary
hypothesis, with 80% power and a type I
error rate of 0.05. This allowed detection
of a between-group difference in
WOMAC scores as small as 4 points
(approximately 9% difference from base-
line) at 12 weeks.46 Sample size calcula-

tions were based on methods appropri-
ate for analyses such as analysis of
covariance (ANCOVA),51 adjusted to
reflect clustering within group physical
therapy and assuming an intraclass cor-
relation coefficient of .01.52 A correlation
of .64 between time points was esti-
mated based on pilot data, and we
accounted for a 25% attrition rate. Based
on these assumptions, our original target
sample size was N�376. However, we
were unable to recruit participants for
this target sample size after exhausting
all possible recruitment strategies at Dur-
ham VA Medical Center. Therefore, a
new sample size target was calculated
using all of the same data and assump-
tions except for increasing the effect size
difference that we could detect from
0.27 to 0.35. This calculation translated
to a modified sample size target of 226
patients to detect a 5.2 point difference
(approximately 12% difference from
baseline) in WOMAC scores at 12 weeks
between arms.53 Therefore, the study
still had adequate power to detect a clin-
ically relevant change between study
arms.54

Our primary hypothesis was that the
12-week group physical therapy pro-
gram would result in a significantly
greater improvement in WOMAC scores
compared with the individual physical
therapy program. Our secondary hypoth-
eses examined differences between
group physical therapy and individual
physical therapy for the secondary out-
comes. All analyses were performed
using SAS software (SAS Institute, Cary,
North Carolina). The primary analyses
were conducted on an intention-to-treat
basis, involving all randomly assigned
participants using all data up to the
12-week or 24-week follow-up or last
available measurement prior to exclu-
sion or dropout.55 No observations were
deleted due to missing data.56 The esti-
mation procedure for our analytic tech-
nique (linear mixed models) implicitly
accommodates missingness when re-
lated to prior outcome or to other base-
line covariates included in the model
(defined as missing at random).

For the primary and continuous second-
ary outcomes, hierarchical linear mixed
models were used.57 A random effect
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was fit to account for the clustering in
the group physical therapy arm and an
unstructured covariance for the repeated
measures over time. For CHAMPS out-
comes, we fit a generalized linear mixed
model using a negative binomial distribu-
tion with a log link function because the
distribution of these variables followed a
Poisson-type process.58 The predictors in
all models included dummy coded time
effects and an indicator variable for
group physical therapy interacting with
the time effects.59 This model assumes
the study arms have equal baseline
means, which is appropriate for a ran-
domized controlled trial and is equiva-
lent in efficiency to an ANCOVA
model.60 The final models also included
stratification variables for race and sex.
Our primary inference for all analyses
was based on the group physical ther-
apy � 12-week follow-up time indicator
parameter, which is the estimated differ-
ence between group physical therapy
and individual physical therapy at
12-week follow-up. The group physical
therapy � 24-week follow-up time indi-
cator examined for maintenance of
effects.

Role of the Funding Source
This study was funded by the Depart-
ment of Veterans Affairs Health Services
Research and Development Services.
This funding agency did not have a role
in the study design; collection, analysis,
and interpretation of data; writing the
manuscript; or the decision to submit the
manuscript for publication.

Results
Recruitment, Retention, and
Participant Characteristics
Five licensed physical therapists (3 with
doctor of physical therapy degrees, 1
with a master of physical therapy degree,
and 1 with a bachelor’s degree in physi-
cal therapy) and 2 licensed physical ther-
apist assistants were involved in deliver-
ing the group and individual physical
therapy programs. We identified 10,396
potentially eligible patients from VA elec-
tronic medical records, based on Inter-
national Classification of Diseases, 9th
revision (ICD-9) codes for OA (Fig. 1).
The most common reason for ineligibil-
ity prior to screening was residence out-
side of the target geographic region of

about 80 km (50 miles) from Durham VA
Medical Center (n�5,252, 50.5%). Of
716 patients screened by telephone, 320
were eligible and randomized; 78% com-
pleted 12-week measures, and 81% com-
pleted 24-week measures. Some partici-
pants were not able to return to Durham
VA Medical Center to complete 12-week
follow-up measures. In these cases, we
asked participants to complete self-
report measures via telephone. There-
fore, there is a greater amount of missing
data for measures that required comple-
tion in person (SPPB and 6-minute walk).
No serious study-related adverse events
occurred. Participant characteristics are
shown in Table 2.

There were 20 groups within the group
physical therapy arm; 15 groups had 8
participants per group, and due to sched-
uling challenges with filling some groups
in a timely manner, 5 groups had 7 par-
ticipants per group. Among participants
in the group physical therapy arm, the
average number of sessions was 3.9
(range�0–6), and among those who
attended at least one session, the average
number of sessions was 4.4. About half
of the group physical therapy partici-
pants attended 5 or 6 sessions; 28%
attended all 6 sessions. Among partici-
pants in the individual physical therapy
arm, 14 (8.7%) attended one visit, and
142 (88.2%) attended both visits.

Figure 1.
Study participant flowchart.
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Primary Outcome
At 12-week follow-up, total WOMAC
scores were 2.7 points lower in the
group physical therapy arm versus the
individual physical therapy arm (95%
confidence interval [CI]��5.9, 0.5;
P�.10), indicating no meaningful differ-
ence in improvement between arms
(Tab. 3, Fig. 2). At 24-week follow-up,
WOMAC scores were 1.3 points lower in
the group physical therapy arm versus
the individual physical therapy arm (95%
CI��4.6, 2.0; P�.44), indicating no
meaningful difference between groups.
The ICC within the group physical ther-
apy arm was .006, which represents the
similarity of WOMAC scores among par-
ticipants in the same group (eg, cluster-
ing effect).

We also examined parameters from the
primary model that show the effect of
each intervention on WOMAC scores
compared with baseline. The WOMAC
scores declined 4.5 points from baseline
to 12 weeks in the individual physical
therapy arm (95% CI��6.8, �2.2;
P�.0001) and 7.2 points in the group
physical therapy arm (95% CI��9.5,

�4.9; P�.0001), indicating improve-
ment for both groups. Similarly, mean
WOMAC scores were 3.1 points lower at
24 weeks compared with baseline for the
individual physical therapy arm (95%
CI��5.5, �0.7; P�.01) and 4.4 points
lower for the group physical therapy arm
(95% CI��6.8, �2.0; P�.0003), indicat-
ing some sustained improvement in both
groups.

Secondary Outcomes
Similar to results for the total WOMAC
scores, there were no differences
between groups in WOMAC pain or
function subscale scores at either time
point (Tab. 3). Again considering overall
change over time, there were improve-
ments in the WOMAC pain subscale
scores at 12 weeks for both individual
physical therapy (�1.1; 95% CI��1.6,
�0.6; P�.001) and group physical ther-
apy (�1.6; 95% CI��2.0, �1.1;
P�.001). The WOMAC pain subscale
scores also remained improved at 24
weeks for individual physical therapy
(�0.8; 95% CI��1.4, �0.3; P�.002)
and group physical therapy (�1.2; 95%
CI��1.8, �0.7; P�.0001). The WOMAC

function subscale scores were improved
at 12 weeks in both individual physical
therapy (�3.1; 95% CI��4.9, �1.3;
P�.0009) and group physical therapy
(�5.1; 95% CI��6.9, �3.3; P�.0001),
and there was some sustained improve-
ment at 24 weeks for individual physical
therapy (�1.8; 95% CI��3.7, 0.07;
P�.06) and group physical therapy
(�2.7, 95% CI��4.5, �0.8; P�.0051).

Physical performance, assessed with the
SPPB, did not differ between groups at
12 weeks (�0.1; 95% CI��0.5, 0.2;
P�.53; Tab. 3). There also was no statis-
tically significant difference between
groups in self-reported satisfaction with
physical function (0.2; �0.1, 0.6; P�.20)
at 12 weeks (Tab. 3). Considering
change over time in both groups, there
was no substantial change in SPPB scores
between baseline and 12 weeks (individ-
ual physical therapy: 0.2; 95% CI��0.1,
0.5; P�.15; group physical therapy: 0.1;
95% CI��0.2, 0.3; P�.54). Self-reported
satisfaction with physical function
improved by a mean of 0.5 points at 12
weeks in the individual physical therapy
arm (95% CI�0.3, 0.8; P�.001) and by a
mean of 0.8 points in the group physical
therapy arm (95% CI�0.5, 1.0;
P�.0001). There was a statistically signif-
icant difference between groups in the
6-minute walk distance (17.5 m; 95%
CI�3.4, 31.6; P�.02); mean 6-minute
walk distance decreased by 3.2 m for the
individual physical therapy arm (95%
CI��13.0, 6.7; P�.53) and increased by
14.3 m in the group physical therapy arm
(95% CI�4.2, 24.4; P�.006) at 12 weeks
(Tab. 3).

The frequency and duration of all inten-
sity types of physical activity from the
CHAMPS did not differ between groups
at either 12 or 24 weeks (Tab. 3). Simi-
larly, there was no difference in esti-
mated frequency or duration of moder-
ate or greater intensity exercise between
groups at either time point. However,
across both groups, at 12 weeks the
estimated frequency of all exercise
increased 24% (incidence rate ratio
[IRR]�1.24; 95% CI�1.12, 1.37; P�
.0001), and moderate or greater intensity
exercise increased 31% (IRR�1.31; 95%
CI�1.14, 1.51; P�.0002). Duration of all
exercise increased 16% across groups at

Table 2.
Participant Characteristics at Baselinea

Variable
Total Sample

(N�320)
Group Physical

Therapy (n�159)
Individual Physical
Therapy (n�161)

Age (y), X (SD) 60.0 (9.8) 59.2 (9.6) 60.8 (10.0)

Men (%) 88.1 88.7 87.6

Nonwhite race (%) 58.4 57.9 59.0

Married/living with partner (%) 63.1 63.5 62.7

High school education or less (%) 24.7 22.0 27.3

Inadequate income (%) 23.4 27.0 19.9

Employed (%) 42.5 44.6 40.4

Fair or poor health (%) 29.7 32.1 27.3

Body mass index (kg/m2), X (SD) 33.4 (6.9) 33.1 (7.1) 33.8 (6.7)

Duration of arthritis symptoms
median (y), median (Q1, Q3)

12 (5, 20) 10 (5, 20) 12 (6, 20)

Knees with osteoarthritis (%)

Right 10.3 11.3 9.3

Left 9.7 8.8 10.6

Both 80.0 79.9 80.1

WOMAC total score 43.7 (14.7) 44.2 (14.9) 43.2 (14.5)

Physical function (SPPB) 9.1 (2.0) 9.1 (1.9) 9.1 (2.07)

a Q1�first quartile, Q3�third quartile, WOMAC�Western Ontario and McMaster Universities
Osteoarthritis Index, SPPB�Short Physical Performance Battery.
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12 weeks (IRR�1.16; 95% CI�1.02,
1.32; P�.02), but there was no increase
in moderate or greater intensity duration
(P�.09).

Staffing Costs
Per-patient costs differed for the 7- and
8-person groups in the group physical
therapy arm due to the relative differ-
ence in maximal potential size for each
group. With our primary, intention-to-

treat approach, in an 8-person group, the
per-patient cost of group physical ther-
apy was $82 (range�$78–$86) based on
salary ranges. With a 7-person group, the
per-patient cost of group physical ther-
apy was $94 (range�$89–$98). The per-
patient cost of individual physical ther-
apy was $128 (range�$119–$138).
Using the actual attendance approach,
the per-patient cost of group physical
therapy was $126 (range�$120–$132)

for a group with a maximum of 8 attend-
ees and using the attendance figures for
our group physical therapy arm; for a
group with a maximum of 7 attendees,
the per-patient cost of group physical
therapy was $144 (range�$137–$151).
The per-patient cost of individual
physical therapy was $118 (range�
$110–$127).

Table 3.
Estimated Mean and 95% CI Values for Study Outcomes: Results of Linear Mixed and Generalized Linear Mixed Modelsa

Outcome
Time
Point

Group
Physical
Therapy
(n�151)

Individual
Physical
Therapy
(n�149)

Treatment
Difference
(95% CI) P

WOMAC total score Baseline 43.7 N/A N/A

12 wk 36.5 39.1 –2.7 (–5.9, 0.5) .10

24 wk 39.3 40.6 –1.3 (–4.6, 2.0) .44

WOMAC pain subscale Baseline 9.3 N/A

12 wk 7.7 8.2 –0.4 (–1.1, 0.2) .20

24 wk 8.1 8.5 –0.4 (–1.1, 0.3) .26

WOMAC function subscale Baseline 30.2 N/A N/A

12 wk 25.1 27.1 –2.0 (–4.5, 0.5) .12

24 wk 27.5 28.3 –0.9 (–3.4, 1.7) .52

Physical function (SPPB) Baseline 9.1 N/A N/A

12 wk 9.1 9.3 –0.1 (–0.5, 0.2) .53

6-minute walk (m) Baseline 402.7

12 wk 417.0 399.5 17.5 (3.4, 31.6) .02

Satisfaction with function Baseline –1.2

12 wk –0.4 –0.7 0.2 (–0.1, 0.6) .20

Frequency of all exercise
(per week, CHAMPS)

Baseline 16.7 N/A N/A

12 wk 21.6 20.7 IRR: 1.0 (0.9, 1.2) .48

24 wk 17.4 18.1 IRR: 1.0 (0.8, 1.1) .59

Duration of all exercise
(hours per week, CHAMPS)

Baseline 13.8 N/A N/A

12 wk 18.0 16.0 IRR: 1.1 (1.0, 1.3) .14

24 wk 13.8 12.9 IRR: 1.1 (0.9, 1.3) .42

Frequency of moderate-intensity or greater
exercise (per week, CHAMPS)

Baseline 6.3 N/A N/A

12 wk 8.0 8.3 IRR: 1.0 (0.8, 1.2) .72

24 wk 6.7 7.4 IRR: 0.9 (0.7, 1.1) .31

Duration of moderate-intensity or greater
exercise (hours per week, CHAMPS)

Baseline 6.2 N/A N/A

12 wk 7.4 7.1 IRR: 1.0 (0.8, 1.3) .77

24 wk 5.8 5.3 IRR: 1.1 (0.9, 1.4) .50

a Seventy participants (34 group physical therapy, 36 individual physical therapy) and 60 participants (27 group physical therapy, 33 individual physical
therapy) had no follow-up data for 12 and 24 wk, respectively. Additional data missing across time points: WOMAC scores (2 baseline; 1 group physical
therapy, 1 individual physical therapy, 12 wk); SPPB scores (19 baseline; 15 group physical therapy, 20 individual physical therapy; 12 wk); 6-minute walk
(23 baseline; 28 group physical therapy, 25 individual physical therapy; 12 wk); satisfaction score (6 baseline; 4 group physical therapy, 3 individual physical
therapy; 12 wk). WOMAC�Western Ontario and McMaster Universities Osteoarthritis Index, SPPB�Short Physical Performance Battery, CHAMPS�
Community Health Activities Model Program for Seniors, IRR�incidence rate ratio, N/A�not applicable.
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Discussion
This study is one of the first clinical trials
to evaluate a group-based approach to
provision of a multifactorial physical
therapy intervention for knee OA.23 We
found that there were no statistically sig-
nificant or clinically meaningful differ-
ences in specified primary or secondary
study outcomes for the group physical
therapy arm compared with a more tra-
ditional individual approach. However,
there was a statistically significant differ-
ence between arms in 6-minute walk dis-
tance in favor of group physical therapy.
We expected that the group physical
therapy arm would be favorable across
outcomes because it allowed a greater
number of contacts per participant and
provided group support, which can facil-
itate participation in exercise programs.
However, the results suggest that there
may have been different advantages of
each approach that ultimately resulted in
similar changes for most outcomes.
Although the group physical therapy
approach allowed more contact and
group support, the individual physical
therapy visits allowed greater one-on-one
time with a physical therapist. In agree-
ment with a prior study of patients with
knee OA in Australia,23 these results indi-
cate that group physical therapy was not
more effective than individual physical
therapy for improving all outcomes
among patients with knee OA. Both may
be reasonable delivery models for health
care systems to consider. Prior studies
have shown that group-based physical
therapy is effective for other health
conditions.61,62

Based on an intention-to-treat approach,
the per-patient cost of group physical
therapy was lower than that of individual
physical therapy. Even though group
physical therapy had more sessions per
patient and included the effort of a phys-
ical therapist assistant, these additional
costs were outweighed by the fact that 7
or 8 patients could be treated at a time.
We acknowledge that not all group phys-
ical therapy sessions were attended by 7
or 8 participants. However, the costs of
the staff time are fixed, regardless of the
number of participants who attend each
session. It would be useful to identify
strategies to maximize attendance at
these types of group physical therapy
sessions. Study physical therapists and
physical therapist assistants received
approximately 2 hours of training to
implement the group physical therapy
intervention. Given that allocating all of
the training cost to only the study partic-
ipants would overestimate training cost
over time, we excluded training cost
from the analysis. However, planning
and training to implement a group phys-
ical therapy intervention will vary among
institutions and can be a cost issue that
needs to be considered.

Because both the group and individual
physical therapy interventions focused
on initial nonpharmacological manage-
ment of knee OA, the numbers of ses-
sions were limited to 6 and 2, respec-
tively. We acknowledge that this study
compared group and individual physical
therapy interventions in the context of
relatively limited duration interventions;
therefore, these results may be most

applicable to scenarios where per-
patient physical therapy visits are lim-
ited, either due to personnel resources
(eg, medically underserved areas) or due
to issues related to patient costs and
insurance coverage. The study results
may not be applicable to patients or set-
tings where a course of outpatient phys-
ical therapy for knee OA typically would
include more than 2 individual visits. It
would be valuable to compare group and
individual physical therapy approaches
that each include more visits.

For the main outcome of total WOMAC
score at 12 weeks, the group and indi-
vidual physical therapy arms in this study
improved 16% and 11% from baseline,
respectively; these changes are similar to
the minimal clinically important differ-
ence for the WOMAC in the context of
rehabilitation interventions (12%).53 It is
possible that changes in both groups
could have been due to factors other
than the physical therapy interventions,
such as a placebo or Hawthorne effect. It
also is possible that intervention effects
could have been larger in either the
group or individual physical therapy arm
if more in-person visits had been pro-
vided or if the strengthening regimen
had been more intensive, and indeed
some prior studies of more intensive
physical therapy interventions for OA
have shown somewhat greater reduc-
tions in pain and improvements in func-
tional outcomes.21–23,33 Unfortunately,
although some patients may receive mul-
tiple physical therapy visits for knee OA,
many patients with knee OA do not
receive physical therapy at all, and those
who do get physical therapy may receive
few visits due to caps on therapy cover-
age.27,63,64 Therefore, although both
group and individual physical therapy
interventions in this study were limited
in duration, both arms provided non-
pharmacological treatment of knee OA
that is within the range of—and indeed
better than—that which is provided to
many patients with knee OA.53

There are several limitations to this
study. First, this study was conducted in
one VA Medical Center, which may limit
generalizability. Second, both group and
individual physical therapy interventions
were standardized across patients in

Figure 2.
Estimated mean Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)
scores. IPT�individual physical therapy, GPT�group physical therapy.
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terms of the number of visits provided
and thus may not mimic true clinical real-
ity. At the Durham VA Medical Center
and other clinical settings, patients may
receive additional physical therapy visits,
following initial therapy, based on their
treatment response, OA severity, or
other clinical factors. It would be valu-
able for future research to incorporate
this type of real-world heterogeneity in
treatment intensity. Third, we did not
obtain de novo radiographs for partici-
pants. However, all participants had a
clinical diagnosis of knee OA from a
health care provider. Fourth, it was not
possible to blind the physical therapists
or participants to treatment assignment.
The physical therapists were not
involved in outcome assessment. It is
possible that because most out-
comes were patient-reported, partici-
pants’ knowledge of their own treatment
assignment may have influenced their
responses. If one physical therapy inter-
vention was viewed more favorably by
participants, this could have biased
responses. Fifth, although we assessed
adherence in terms of attendance at
physical therapy sessions, we did not
measure participants’ completion of
home exercises. Sixth, we also did not
directly measure strength or range of
motion in study participants. Finally, par-
ticipants were encouraged to participate
in aerobic exercise, particularly as appro-
priate for individuals with OA, but spe-
cific prescriptions for intensity and dura-
tion were not individualized for each
participant.

In summary, this study provides impor-
tant information about an alternative
model for delivering outpatient physical
therapy for patients with knee OA. The
group physical therapy program in this
study was not more effective than the
individual physical therapy program for
most outcomes but did have an advan-
tage for 6-minute walk distance. A group-
based approach has potential to enhance
efficiency of care, particularly if atten-
dance and group size are optimized.
Given the expected rise in prevalence of
knee OA65,66 and the general need to
provide efficient health care, a physical
therapist–led, group-based approach to
delivering nonpharmacological treat-

ment of knee OA could be a useful
approach in many health care settings.
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