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Clinic-Based Patellar Mobilization Therapy for Knee 
Osteoarthritis: A Randomized Clinical Trial

ABSTRACT
PURPOSE We performed a phase 2 randomized clinical trial to evaluate the 
preliminary effectiveness of a clinic-based patellar mobilization therapy (PMT) in 
patients with knee osteoarthritis.

METHODS We recruited 208 patients with knee osteoarthritis at primary care 
clinics in Hong Kong. Patients were randomly assigned (1:1) to the intervention 
group or the control group. The intervention group received 3 PMT treatment 
sessions from primary care physicians at 2-month intervals, with concomitant 
prescription of a home-based vastus medialis oblique muscle exercise. The 
control group received PMT after the study period. The primary outcome was 
the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) 
pain score. Secondary outcomes included the WOMAC composite, function, 
and stiffness scores; the visual analog scale score for pain; objective physical 
function tests (30-s chair stand, 40-m walk test, timed up and go test, and 
EuroQol-5D). All outcomes were evaluated at baseline and at 24 weeks through 
intention-to-treat analysis.

RESULTS We observed no baseline between-group differences. The WOMAC 
pain score showed greater improvement in the intervention group than in the 
control group at 24 weeks (between-group difference –15.6, 95% CI, –20.5 to 
–10.7, P <.001). All secondary outcomes also demonstrated significant between-
group differences.

CONCLUSIONS Patellar mobilization therapy has the potential to reduce pain 
and improve function and quality of life for patients with knee osteoarthritis. 
Future clinical trials with comparison to other active comparator controls will 
help determine the overall efficacy and facilitate the deployment of PMT in real-
world practice.

Ann Fam Med 2018;16:521-529. https://doi.org/10.1370/afm.2320.

INTRODUCTION

Knee osteoarthritis is a major cause of pain and disability that 
contributes to the health care service burden worldwide.1 Knee 
osteoarthritis is commonly diagnosed and managed by primary 

care physicians2,3; unfortunately, therapeutic options are often limited. 
Exercise and weight reduction strategies can effectively manage knee 
osteoarthritis; however, fatigue, comorbidities, and the arthritic pro-
cess itself hinder patient participation in such interventions.4 Although 
physiotherapy is known to reduce knee pain and improve the quality of 
life of patients,5 it may not be available due to limited access and high 
cost. Analgesics are commonly prescribed by primary care physicians, 
although they either provide minimal short-term pain relief or are associ-
ated with significant adverse effects, especially in elderly populations.6-8 
Therefore, the search for effective treatment modalities for knee osteoar-
thritis remains a top priority in clinical practice and research.

The knee joint, a complex tri-compartment structure, comprises 
the patellofemoral joint and the tibiofemoral joint. The coexistence of 
patellofemoral joint osteoarthritis and tibiofemoral joint osteoarthritis is 
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observed in 40% of older adults with knee osteoarthri-
tis.9 Previous studies have indicated that patellofemoral 
joint osteoarthritis is a major source of pain in knee 
osteoarthritis, and that the concomitant occurrence 
of patellofemoral joint osteoarthritis and tibiofemoral 
joint osteoarthritis causes a greater degree of pain and 
loss of function.9-11

Presently, clinical guidelines recommend using non-
pharmacological strategies as the first-line treatment 
for knee osteoarthritis and propose individualizing 
treatment based on the site of joint damage.12-14 One 
approach is to use combined interventions of manual 
therapy and exercise.15,16 Only a few clinical trials, 
however, have evaluated the role of manual therapy 
that targets patellofemoral joint osteoarthritis,17,18 and 
they are limited by small sample size, lack of method-
ological rigor,17 or heterogeneous interventions.18

We evaluated whether a simple clinic-based patella 
mobilization therapy (PMT) used in primary care set-
tings could effectively reduce pain and improve func-
tion and quality of life in patients with concomitant 
patellofemoral joint osteoarthritis and tibiofemoral 
joint osteoarthritis.

METHODS
The Joint Chinese University of Hong Kong–New 
Territories East Cluster Clinical Research Ethics Com-
mittee (CREC no 2014.379) approved this study. All 
patients provided written informed consent. We pro-
spectively registered the trial at the Chinese Clinical 
Trial Registry (#ChiCTR-IPC-15006618). The details 
of our study methodology have been reported in the 
protocol.19

Patients and Study Setting
The study was a 24-week, 2-arm, parallel, superior-
ity, phase 2 randomized controlled trial. We studied 
patients from 7 general outpatient clinics in the New 
Territories East region of Hong Kong at a university 
primary care clinic. All patients were of Chinese eth-
nicity and spoke Cantonese as their first language.

The inclusion criteria were adults aged 45 to 75 
years; a diagnosis of knee osteoarthritis based on clini-
cal and radiographic criteria defined by the American 
Rheumatology Association20; knee pain score of ≥3 
(0-6 ordinal response score) for at least 3 months 
during activities such as stair climbing, squatting, or 
prolonged sitting21; anterior knee pain and any 2 of 
the following criteria on initial assessment: (1) pain on 
direct compression of the patella against the femoral 
condyles with the knee in full extension, (2) tenderness 
on palpation of the posterior patellar surface, (3) pain 
on resisted knee extension, and (4) pain with isometric 

quadriceps contraction against suprapatellar resistance 
with the knee in slight flexion15,21; and the presence of 
osteophytes in the patellofemoral joint on 30° flex-
ion lateral radiographs.22 The exclusion criteria were 
a history of open or arthroscopic operation on the 
symptomatic knee; a body mass index of ≥35 kg/m2; 
any knee injections within the preceding month; a his-
tory of inflammatory or post-infectious knee arthritis; 
daily opioid medication; fixed flexion deformity >5° or 
varus/valgus deformity >15°; and severe comorbidities 
preventing study participation.

Randomization, Allocation, Concealment,  
and Blinding
An off-site statistician performed block randomization 
to allocate patients into 2 groups in a 1:1 ratio using the 
Random Allocation Software version 1.0 (M Saghaei, 
Isfahan University of Medical Sciences).23 The alloca-
tion sequence was concealed from the researcher and 
patients by using sequentially numbered, opaque, sealed 
envelopes.24 The envelopes were opened after the 
enrolled patients had completed all baseline assessment 
at the time of groups were allocated. In this open-label 
study, blinding of physicians and patients was not pos-
sible. However, research assistants and statisticians, who 
were involved with data collection and statistical analy-
sis, respectively, were blinded to the allocation status.

Intervention Group
The PMT protocol comprised patellofemoral joint 
mobilization (5 minutes) followed by supervised 
nonload vastus medialis oblique exercise (5 minutes). 
Trained primary care physicians performed all inter-
ventions. Patients with bilateral knee pain received 
treatment in both knees. The intervention was per-
formed in 2 steps. In step 1, the patellofemoral joint 
was mobilized once every 2 months for a total of 3 
treatment sessions. Mobilization was based on the 
observation that in patients with patellofemoral joint 
osteoarthritis, the patella shows lateral displacement 
because of the imbalance vectors.25,26 Patients were 
placed in a side-lying position with the knee supported 
using a wedge and slightly flexed to a degree that 
allowed a vertical gravitational glide of the patella in a 
lateral to medial direction.27 In step 2, the same physi-
cians prescribed active nonload vastus medialis oblique 
exercise, to encourage continuous firing of the muscle, 
based on the fact that decreased motor recruitment 
is common in patients with knee osteoarthritis.28 The 
physicians supervised the patients to ensure that they 
performed the exercises correctly, and a home-exercise 
program was encouraged twice daily with 20 repeti-
tions/session. We provided each patient with an exer-
cise pamphlet as a reference.
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Control Group
The control group was placed on a waiting list, was 
contacted by telephone at the same time interval as the 
PMT sessions, and completed all outcome measures 
within the same time frame. All patients received the 
same PMT after study completion at 24 weeks.

Both the intervention group and the control group 
received the same standard care. Cointerventions 
using conventional medication, physical therapy, 
acupuncture, herbal and over-the-counter drugs, and 
other active treatments were allowed. We did not 
restrict either physicians or patients from provid-
ing or seeking other interventions during the study 
period.

Outcome Measures
Data for all outcome measures were collected at base-
line and again at 24 weeks, which was the primary 
endpoint of the study. The primary outcome was the 
Western Ontario and McMaster Universities Osteo-
arthritis Index (WOMAC) pain score, which is the 
reference standard for self-reported measures in knee 
osteoarthritis trials.29 The WOMAC comprises 24 
self-reported items for knee pain (5 items), stiffness (2 
items), and function (17 items), each measured with 
0-100 mm scale.30 Secondary outcomes included the 
WOMAC function, stiffness, and composite scores; the 
3 objective physical function measures recommended 
for knee osteoarthritis trials,31 (30-s chair stand per-
formance, 40-m fast-paced walk, and timed up and 
go test); and the EuroQuol-5D score as a measure of 
health-related quality of life.32 We used the visual ana-
log scale (0–100 mm) to rate knee pain while walking 
in the past 48 hours. We used a goniometer to mea-
sure the degree of pain-free active knee flexion,33 and 
a 7-day recall diary to record the number of patients 
taking analgesics the week before testing and to check 
their exercise compliance.

We recorded patient demographics, body mass 
index, duration of knee pain, prior knee interven-
tions, and number of comorbidities. We assessed the 
patients’ baseline physical activity status by using 
the International Physical Activity Questionnaire.34 
We used the Kellgren–Lawrence classification sys-
tem to grade the severity of knee osteoarthritis,35 
and confirmed the presence of patellofemoral joint 
osteoarthritis on lateral radiographs. We examined 
the patellar position ultrasonographically by measur-
ing the horizontal distance between the center of 
the patellar tendon and the femoral groove, with the 
knee fully extended. We used the Stanford Expecta-
tions of Treatment Scale to overcome the influence of 
patient expectations on treatment response.36 We also 
recorded any serious adverse events.

Sample Size Calculation
We calculated the sample size based on a trial per-
formed by Abbott et al, with a Cohen’s d value of 
0.42 favoring combined manual therapy and exercise 
vs standard care used for the management of knee 
osteoarthritis.37 We used the same Cohen’s d, with a 
2-sided t-test, a type I error at 0.05 of 80% power, and 
a sample size of 90 in each group. Assuming a dropout 
rate of 15%, the adjusted total sample size was 208.

Data and Statistical Analysis
We presented categorical variables as counts and per-
centages, and continuous variables as mean and stan-
dard deviation (SD) or median (interquartile range). 
We compared intergroup baseline characteristics 
by using the χ2 test for categorical variables and the 
2-sample independent t-test for continuous variables. 
We performed analysis of covariance to compare the 
effects between the intervention group and the con-
trol group for all outcomes, following the intention-
to-treat principle. Baseline scores, duration of knee 
pain, number of comorbidities, status of bilateral knee 
pain, total amount of analgesics consumed during the 
study period, and age were studied as covariates and 
controlled in the analysis. Additionally, we performed 
a per-protocol analysis after including patients who 
completed their treatment as originally assigned. We 
performed sensitivity analysis to assess the effect of 
missing data, by using multiple imputation models. We 
imputed 20 completed datasets by using chain equa-
tions under the assumption that data were missing at 
random until the chain reaches convergence.38 We 
applied Rubin’s rule to combine the effect estimates.39 
This approach provides estimated standard errors and P 
values that incorporate missing data uncertainty. A few 
patients had bilateral knee treatment; therefore, in those 
patients, we considered both knees to compare scores 
on the visual analog scale and degree of pain-free active 
knee flexion by using linear mixed models. A 2-sided P 
value of ≤.05 was considered statistically significant. A 
stopping rule was applied to patients who received alter-
native surgical treatment or developed severe outcomes 
during the study period. We used Stata version 14.0 
(StataCorp LLC) software for all statistical analyses.40

RESULTS
The recruitment period was between June 2015 and 
November 2017. Of the 401 patients screened, we 
enrolled 208 patients and randomized them into 2 
groups with 104 patients each (Figure 1). All patients 
completed the baseline questionnaire and were 
included in the intention-to-treat analysis. The drop-
out rate was 6% (6/104) in the intervention group and 



PATELL AR MOBIL IZAT ION THER APY

ANNALS OF FAMILY MEDICINE ✦ WWW.ANNFAMMED.ORG ✦ VOL. 16, NO. 6 ✦ NOVEMBER/DECEMBER 2018

525

ANNALS OF FAMILY MEDICINE ✦ WWW.ANNFAMMED.ORG ✦ VOL. 16, NO. 6 ✦ NOVEMBER/DECEMBER 2018

524

6.7% (7/104) in the control group. Patients in the inter-
vention group underwent a mean of 2.9 (SD 0.4) PMT 
treatment sessions.

We observed no statistically significant difference 
in demographic and outcomes at baseline. The study 
sample comprised 80.3% women with a mean age of 
60.2 (SD 5.7) years. In the total population, 23.1% 
overweight and 38% were obese. The mean duration 
of knee pain was 7.7 (SD 6.6) years, and 62% of the 
patients had knee osteoarthritis of Kellgren–Lawrence 
grade 2 or 3.35 Both groups demonstrated similar treat-

ment expectations, and 83.2% 
of the patients remained mini-
mally active. Among patients 
who completed the study, the 
total number of knees involved 
was 160 in the intervention 
group and 166 in the control 
group. The center of the patella 
was 0.90 (SD 0.24) cm lateral 
to the femoral groove (Tables 1 
and 2).

Between-group comparison 
showed that patients in the 
intervention group demon-
strated significantly greater 
improvement in their WOMAC 
pain score than those in the 
control group at 24 weeks 
(between-group difference 
–15.6, 95% CI, –20.5 to –10.7, 
P <.001). The WOMAC com-
posite, pain, and function 
scores; visual analog scale pain 
score; 30-s chair stand perfor-
mance; 40-m fast-paced walk 
test; timed up and go test; and 
EuroQoL-5D score also showed 
significant between-group dif-
ferences. There were no signifi-
cant between-group differences 
between the intervention and 
control groups in terms of the 
number of patients who were 
taking analgesics (10.1% vs 
9.3%, P = 0.846) and the range 
of knee flexion at 24 weeks 
(Tables 3, 4, and 5).

We observed high patient 
compliance in terms of nonload 
vastus medialis oblique exercise. 
Patients from the intervention 
group practiced the exercise 
for a mean of 5.2 (SD 2.1) days 

per week. Notably, 1 patient in the intervention group 
developed increased knee pain after the PMT and 
discontinued the intervention after the second session. 
No other adverse events were reported.

DISCUSSION
In this phase 2 study, we observed that simple clinic-
based PMT could potentially reduce knee pain and 
stiffness, improve knee function, and positively affect 
the quality of life in patients with concomitant patel-

Figure 1. Flow chart of the trial.

ITT = intention-to-treat; PMT = patellar mobilization therapy.

Enrollment

401 Assessed for eligibility

193 Excluded

 151  Did not meet inclusion 
criteria

 23 Declined to participate

 19 Could not be contacted

208 Randomized

Allocation104 Allocated to 
intervention group

104 Allocated to 
control group

Follow-up 100 Present at 2-month follow-up

  3 Withdrew completely

   1 Due to spine surgery

   1 Due to knee surgery

   1  Thought PMT was not 
effective

  1 Due to lack of time

 93 Present at 4-month follow-up

  3 Withdrew completely

   1 Lived far away

   1 Due to physical illness

   1 Due to lack of time

  5  Did not attend due to 
lack of time

 98 Present at 6-month follow-up

 102 Present at 2-month follow-up

  2 Withdrew completely

   1 Stayed overseas

   1 Due to physical illness

 102 Present at 4-month follow-up

 97 Present at 6-month follow-up

  5  Declined to complete the 
questionnaire

Analysis
 104 Analyzed by ITT

 6 Missing values

 104 Analyzed by ITT

 7 Missing values



PATELL AR MOBIL IZAT ION THER APY

ANNALS OF FAMILY MEDICINE ✦ WWW.ANNFAMMED.ORG ✦ VOL. 16, NO. 6 ✦ NOVEMBER/DECEMBER 2018

525

ANNALS OF FAMILY MEDICINE ✦ WWW.ANNFAMMED.ORG ✦ VOL. 16, NO. 6 ✦ NOVEMBER/DECEMBER 2018

524

lofemoral joint osteoarthritis and tibiofemoral joint 
osteoarthritis. The change appeared to be clinically 
meaningful; the improvement of the overall WOMAC 
composite score in the intervention group exceeded 
the minimal clinically important difference of 12 points 
in rehabilitation intervention for knee osteoarthritis.41 
Our present findings also suggest 
that the knee-specific effects of 
PMT may have a more general 
impact on quality of life, given 
that the EuroQoL-5D scores 
improved in excess of the minimal 
clinically important difference 
of 0.03 points for chronic condi-
tions.42 This is supported by the 
observation that patients in the 
intervention group performed 
consistently better than the con-
trol group in all outcomes.

We used a combined interven-
tion of passive joint mobilization 
to realign the patella, and active 
vastus medialis oblique firing to 
maintain the patellar position. We 
did not separately evaluate the 
effect of each component, as we 
believed they were complemen-
tary to each other. With refer-
ence to a Cochrane review of 
exercise for knee osteoarthritis,43 
the pooled results from 44 trials 
indicated that exercise alone can 
significantly reduce pain by 12 
points and improve physical func-
tion by 10 points on a 100 point 
scale. In our study, the applica-
tion of patellar mobilization in 
combination with exercise, dem-
onstrated a larger improvement 
of pain and function scores by 17 
and 18 points, respectively, which 
further supports the recommen-
dation of combined interventions 
for knee osteoarthritis.15,16

To date, the reference stan-
dard for accurate radiological 
measurement of patellar align-
ment has not been established.44 
However, the distance between 
the center of the patella and the 
femoral groove measured in our 
study was consistent with previ-
ous literature regarding the ten-
dency for lateral tracking of the 

patella in patellofemoral joint osteoarthritis.10,45 Studies 
targeting treatment of patellofemoral joint osteoarthri-
tis through medial taping and patellar brace all aimed 
to reduce pain by increasing the patellofemoral contact 
area, thereby decreasing joint stress and bone marrow 
lesions adjacent to the patellofemoral joint compart-

Table 1. Baseline Characteristics of Participants

Characteristic
Total 

(n = 208)

Intervention 
Group 

(n = 104)

Control  
Group 

(n = 104)

Age, mean (SD), y 60.2 (5.7) 59.4 (5.6) 60.9 (5.8)

BMI, No. (%)      

<18.5 (underweight) 5 (2.4)   1 (1.0) 4 (3.8)

18.5 to <23.0 (normal) 76 (36.5) 37 (35.6) 39 (37.5)

23.0 to <25.0 (overweight) 48 (23.1) 23 (22.1) 25 (24.0)

≥25.0 (obese) 79 (38.0) 43 (41.3) 36 (34.6)

Sex, No. (%)      

Male 41 (19.7) 19 (18.3) 22 (21.2)

Female 167 (80.3) 85 (81.7) 82 (78.8)

Number of chronic diseases, No. (%)      

1 68 (32.7) 35 (33.7) 33 (31.7)

2 64 (30.8) 32 (30.8) 32 (30.8)

≥3 76 (36.5) 37 (35.6) 39 (37.5)

Duration of knee pain, mean (SD), y 7.7 (6.6) 6.9 (5.5) 8.5 (7.4)

Stanford Expectations of Treatment  
Scale, mean (SD)

     

Positive expectancy 2.42 (0.90) 2.44 (0.89) 2.39 (0.91)

Negative expectancy 5.33 (1.18) 5.41 (1.20) 5.25 (1.16)

IPAQ median (IQR), MET score 3,284.8 
(2,566.0)

3,353.6 
(2,712.5)

3,216.0 
(2,445.8)

Inactive, No. (%) 14 (6.7) 9 (8.7) 5 (4.8)

Minimally active, No. (%) 173 (83.2) 84 (80.8) 89 (85.6)

HEPA active, No. (%) 21 (10.1) 11 (10.6) 10 (9.6)

Prior treatment for OA knee, No. (%) 128 (61.5) 61 (58.7) 67 (64.4)

Knee exercise 25 (12.0) 10 (9.6) 15 (14.4)

Physiotherapy 91 (43.8) 45 (43.3) 46 (44.2)

Traditional Chinese medicine 79 (38.0) 38 (36.5) 41 (39.4)

Other 2 (1.0) 0 (0.0) 1 (1.0)

Number of participants on analge-
sics in the past 7 days, No. (%)

  18 (17.3) 11 (10.6)

WOMAC, mean (SD)      

Pain 47.0 (20.7) 46.2 (21.6) 47.7 (19.8)

Stiffness 47.0 (25.6) 45.8 (25.6) 48.2 (25.6)

Function 45.9 (21.0) 45.8 (21.4) 45.9 (20.6)

Total 46.2 (20.4) 45.9 (21.0) 46.5 (19.9)

Physical function, mean (SD), s      

Timed up and go 11.3 (3.7) 11.1 (4.1) 11.4 (3.3)

30-s chair stand 8.8 (3.7) 9.0 (3.9) 8.7 (3.5)

40-m fast-paced walk 39.4 (7.3) 39.6 (22.1) 39.2 (10.4)

EuroQoL-5D, mean (SD), score

Index 0.58 (0.25) 0.60 (0.26) 0.56 (0.23)

VAS 67.3 (15.5) 66.9 (17.1) 67.8 (13.7)

BMI = body mass index; HEPA = health-enhancing physical activity; IPAQ = International Physical Activity 
Questionnaire; IQR = interquartile range; MET = metabolic equivalent; OA = osteoarthritis; SD = standard 
deviation; VAS = visual analog scale; WOMAC = Western Ontario and McMaster University Osteoarthritis Index.

aTwo samples t-test for continuous variable, χ2 test for categorical variable.
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ment.46,47 Our study also suggests that if diagnosis of 
patients with patellofemoral joint osteoarthritis is fol-
lowed by tailored interventions to improve knee bio-
mechanics, this may reduce pain and disability.15

Unlike conventional mobilization therapy, that 
involves multiple treatment sessions at intense fre-
quency, our technique can easily be performed in 
primary care practices. The approximate time needed 
for primary care physicians to learn PMT is about one 
hour, which includes an overview of the biomechan-
ics of knee osteoarthritis and supervised practice on 3 
to 4 patients. We observed a high patient compliance 

rate in our study, indicating that PMT is an acceptable 
treatment option for our patients.

Our study has some limitations. First, because of 
the lack of an active control arm, we are not certain 
if or how much the identified difference was attribut-
able to the intervention. Second, our study duration 
was only 6 months, and the long-term efficacy of this 
intervention remains unclear. Third, the exclusion cri-
teria and the single center study setting may also limit 
generalizability.

We conclude that PMT has the potential to reduce 
pain and improve function and quality of life for 

Table 2. Baseline Participant Knee Osteoarthritis Severity Scores

Type of Score
Total 

(n = 326)

Intervention 
Group 

(n = 160)

Control  
Group 

(n = 166)
P  

Valuea

OA knee painb intensity, mean (SD) 63.1 (17.4) 62.6 (17.5) 63.6 (17.4) .636

Kellgren–Lawrence Grade, No. (%) .861

1 (Doubtful JSN, possible osteophytic lipping) 78 (24.3%) 38 (23.9%) 40 (24.7%)

2 (�Definite osteophytes, possible JSN on anteroposterior weight-bearing 
radiograph)

153 (47.7%) 80 (50.3%) 73 (45.1%)

3 (Multiple osteophytes, definite JSN, sclerosis, possible bony deformity) 78 (24.3%) 36 (22.6%) 42 (25.9%)

4 (Large osteophytes, marked JSN, severe sclerosis and definitely bony) 12 (3.7%) 5 (3.1%) 7 (4.3%)

Patella position, mean (SD) 0.90 (0.24) 0.91 (0.24) 0.90 (0.24) .751

Degree of pain-free active knee flexion, mean (SD) 124.0 (15.0) 125.8 (12.4) 124.1 (17.1) .380

JSN = joint space narrowing; OA = osteoarthritis; SD = standard deviation.

aTwo samples t-test for continuous variable, χ2 test for categorical variable
bVisual analog scale 0-100 mm

Table 3. Results of Group Effect on WOMAC Pain Score Using Analysis of Covariance

Analysis  
Performed

Intervention  
Group (n = 104), 

mean (SD)

Control Group 
(n = 104),  
mean (SD)

Model 1 Model 2a

Between-Group 
Difference  
(95% CI)

P  
Value SE

Between-Group 
Difference  
(95% CI)

P  
Value SE

ITT analysis

Week 0 46.2 (21.6) 47.7 (19.8)

Week 24 28.8 (23.4) 44.3 (22.3) –15.5 
(–21.9 to –9.0)

<.001 3.3 –15.6 
(–20.5 to –10.7)

<.001 2.5

Per–protocol analysisb

Week 0 47.6 (21.3) 47.6 (19.7)

Week 24 29.4 (23.3) 44.3 (22.3) –14.9 
(–21.4 to –8.4)

<.001 3.3 –16.0 
(–21.0 to –11.0)

<.001 2.6

Imputed data analysis

Week 0 46.2 (21.6) 47.7 (19.8)

Week 24 28.9 (24.1) 44.6 (22.8) –15.8 
(–22.2 to –9.3)

<.001 3.3 –14.9 
(–20.1 to –9.8)

<.001 2.6

Per–protocol analysis 
with imputationb

Week 0 47.6 (21.3) 47.6 (19.7)

Week 24 29.5 (23.3) 44.8 (22.4) –15.3 
(–21.9 to –8.7)

<.001 3.3 –15.8 
(–20.9 to –10.7)

<.001 2.6

ITT = intention–to–treat; SD = standard deviation; SE = standard error; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.

aAdjusted for baseline score, duration of knee pain, number of comorbidities, bilateral knee pain status (yes or no), total amount of analgesic consumption, and age.
bIncluded participants who attended all 3 sessions.
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Table 4. Results of Group Effect on WOMAC Stiffness, Function, and Composite Scores, Physical 
Function Measures, and EuroQoL-5D Using ANCOVA

Type of Score

Intervention  
Group (n = 104), 

mean (SD)

Control Group  
(n= 104),  
mean (SD)

Imputed Data Analysis  
Model 1

Imputed Data Analysis  
Model 2a

Between-Group 
Difference  
(95% CI)

P  
Value SE

Between-Group 
Difference  
(95% CI)

P  
Value SE

WOMAC (stiffness)

Week 0 45.7 (25.6) 48.2 (25.6)

Week 24 27.4 (25.3) 42.9 (26.7) –15.1 
(–22.7 to –7.5)

<.001 3.8 –13.9 
(–20.3 to –7.4)

<.001 3.3

WOMAC (function)

Week 0 45.8 (20.6) 45.9 (21.4)

Week 24 27.7 (23.9) 43.0 (22.5) –15.2 
(–21.8 to –8.7)

<.001 3.3 –15.1 
(–20.2 to –9.9)

<.001 2.6

WOMAC (composite)

Week 0 45.9 (21.0) 46.5 (19.9)

Week 24 27.9 (23.2) 43.3 (21.8) –15.1 
(–21.8 to –8.5)

<.001 3.4 –14.7 
(–20.2 to –9.3)

<.001 2.7

30-s chair stand, 
repetitions
Week 0 9.0 (3.9) 8.7 (3.5)

Week 24 10.3 (3.8) 8.5 (2.9) 1.8 
(0.8 to 2.7)

<.001 0.5 1.5 
(0.8 to 2.2)

<.001 0.3

40-m fast-paced  
walk, s
Week 0 39.6 (22.1) 39.2 (10.4)

Week 24 34.6 (9.4) 38.4 (10.7) –3.4 
(–6.3 to –0.6)

.019 1.5 –3.4 
(–6.1 to –0.8)

.012 1.3

Timed up and go, s

Week 0 11.1 (4.1) 11.4 (3.3)

Week 24 10.0 (3.0) 11.9 (4.3) –1.7 
(–2.8 to –0.7)

.001 0.5 –1.5 
(–2.4 to –0.7)

<.001 0.4

EuroQol-5D index

Week 0 0.60 (0.26) 0.56 (0.23)

Week 24 0.72 (0.25) 0.60 (0.23) 0.11 
(0.04 to 0.18)

.001 0.03 0.11 
(0.04 to 0.18)

.001 0.03

EuroQoL-5D VAS

Week 0 66.9 (17.1) 67.8 (13.7)

Week 24 72.0 (18.8) 64.8 (15.5) 6.7 
(1.6 to 11.8)

.010 2.6 7.2 
(2.7 to 11.8)

.002 2.3

ANCOVA = analysis of covariance; SE = standard error; VAS = visual analog scale; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
aAdjusted for baseline score, duration of knee pain, number of comorbidities, bilateral knee pain status (yes or no), total amount of analgesic consumption, and age.

Table 5. Results of Group Effect on VAS Pain Score & Pain-Free Active Knee Flexion of Individual 
Treated Knees Using Mixed Linear Regression

Type of  
Assessment

Intervention 
Group (n = 104), 

mean (SD)

Control Group 
(n = 104),  
mean (SD)

Imputed Data Analysis  
Model 1

Imputed Data Analysis  
Model 2a

Between-Group 
Difference  
(95% CI)

P  
Value SE

Between-Group 
Difference  
(95% CI)

P  
Value SE

Pain intensity total  
(VAS) of treated knee
Week 0 62.6 (17.5) 63.6 (17.4)

Week 24 42.1 (24.2) 57.7 (23.0) –15.6 
(–21.7 to –9.5)

<.001 3.1 –15.0 
(–20.5 to –9.5)

<.001 2.8

Degree of pain-free  
active knee flexion
Week 0 125.8 (12.4) 124.1 (17.1)

Week 24 130.0 (10.4) 118.6 (19.5) 11.0 
(6.7 to 15.3)

<.001 2.2 9.3 
(6.0 to 12.5)

<.001 1.6

SE = standard error; VAS = visual analog scale.
aAdjusted for duration of knee pain, number of comorbidities, total amount of analgesic consumption, and age.
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patients with knee osteoarthritis. Future studies com-
paring PMT with other active controls will further 
confirm the benefits and facilitate the deployment of 
PMT in the real-world practice.

To read or post commentaries in response to this article, see it 
online at http://www.AnnFamMed.org/content/16/6/521.

Submitted May 17, 2018; submitted, revised, September 6, 2018; 
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