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Knee OA: Which patients  
are unlikely to benefit  
from manual PT and exercise?
A preliminary clinical prediction rule uses 3 patient 
attributes to predict who will fare better with alternative 
treatments.

Abstract
Background c  The combination of manual 
physical therapy and exercise provides impor-
tant benefit for more than 80% of patients with 
knee osteoarthritis (OA). Our objective was to 
determine predictor variables for patients un-
likely to respond to these interventions.
Methods c  We used a retrospective com-
bined cohort study design to develop a pre-
liminary clinical prediction rule (CPR). To 
determine useful predictors of nonsuccess, we 
used an extensive set of 167 baseline variables. 
These variables were extracted from standard-
ized examination forms used with 101 patients 
(64 women and 37 men with a mean age of 
60.5±11.8 and 63.6±9.3 years, respectively) in 
2 previously published clinical trials. We classi-
fied patients based on whether they achieved 
a clinically meaningful benefit of at least 12% 
improvement in Western Ontario MacMaster 
(WOMAC) scores after 4 weeks of treatment 
using the smallest and most efficient subset of 
predictors.
Results c  The variables of patellofemoral 
pain, anterior cruciate ligament laxity, and 
height >1.71 m (5’7’’) comprise the CPR. Pa-
tients with at least 2 positive tests yielded 
a posttest probability of 88% for nonsuc-
cess with this treatment (positive likelihood  
ratio=36.7). The overall prognostic accuracy of 
the CPR was 96%.
Conclusion c  Most patients with knee OA 
will benefit from a low-risk, cost-effective pro-

gram of manual physical therapy and support-
ing exercise.1,2 The few patients who may not 
benefit from such a program are identifiable 
by a simple (preliminary) CPR. After validation, 
this rule could improve primary patient man-
agement, allowing more appropriate referrals 
and choices in intervention.

Although the exact cause of knee OA is 
unclear, its incidence increases with 
age and it is particularly prevalent 

among women and those who are obese and 
have occupations requiring heavy lifting and 
frequent kneeling or squatting.3-6 Lifelong 
sport-specific activity7,8 and joint injury9 also 
seem to increase the risk for knee OA. Knee 
malalignment also may predispose people to 
knee OA,10 and the presence of early degen-
erative changes predicts progression of the 
disease.11 The disability and pain associated 
with knee OA correlate with a loss of quad-
riceps femoris muscle strength and limited 
joint range of motion.12-14

z Medications and surgery carry sub-
stantial risks. Pharmacologic interven-
tions for knee OA include nonsteroidal  
anti-inflammatory drugs, acetaminophen, 
and cyclooxygenase-2-selective inhibi-
tors.15-17 While each of these drugs reduces 
pain and improves function, potential side ef-
fects include gastrointestinal, cardiovascular, 
renal, and hepatic complications.16,18-21

Effective surgical options—most appro-
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Patients with 
knee OA unlikely 
to benefit from 
PT and exercise: 
height ≥1.71 m, 
anterior cruciate 
ligament laxity, 
or pain with  
passive glides  
of the  
patellofemoral 
joint.

priate for advanced OA—include high-tibial 
osteotomy and total knee arthroplasty (TKA). 
There is good evidence that arthroscopic 
surgery is not an effective intervention for 
knee OA, yielding results for pain and func-
tion equivalent to those seen with knee 
capsule injections of saline, tidal irrigation, 
and placebo surgery.22-25 TKA reduces pain, 
improves function, and decreases arthritis-
related costs in older individuals with ad-
vanced knee OA.26,27 However, this procedure 
is not without risk.28 Total knee replacement 
in patients younger than 55 years is associ-
ated with increased mortality.29 Reported ad-
verse outcomes of TKA include death, deep 
vein thrombosis, pulmonary embolus, deep 
wound infections,30,31 arterial lacerations, 
amputations,32 postoperative ileus,33 frac-
tures, joint stiffness, and ligamentous insta-
bility.34 Viscosupplementation reduces pain 
and improves function, most evident at 5 to 
13 weeks posttreatment, with few reported 
serious complications and moderate rates of 
local complications.35

z Physical therapy is beneficial for mild 
to moderate OA and confers very low risk. 
Both physical therapy and exercise programs 
for OA have demonstrated benefit in a variety 
of settings.36-42 As shown in 2 independently 
conducted randomized controlled trials 
(RCTs) (one placebo controlled and one with 
an alternate treatment comparison), manual 
physical therapy applied during a small num-
ber of clinical sessions and supplemented by 
home exercise yields large reductions in pain 
and stiffness and improvements in functional 
ability persisting to 1 year as measured on the 
WOMAC Osteoarthritis Index,1,2 a validated 
self-report outcome instrument for OA of the 
hip and knee.43 In these studies, 60% of sub-
jects receiving manual physical therapy and 
exercise achieved more than 50% improve-
ment in WOMAC scores (pain, stiffness, and 
function) postintervention. Additionally, 
83% achieved more than the minimal clini-
cally important difference (MCID) of 12% im-
provement.1,2 Physical therapy and exercise 
combined also decreased the need for TKA 
and long-term medication use.1,2

For an intervention that benefits most 
patients, there is clearly an interest in deter-
mining predictors of treatment failure44 to ex-

pedite referral for alternative care. When the 
time or resources required to attend physical 
therapy appointments would create finan-
cial or personal hardships, more appropriate 
interventions may be home-based physical 
therapy exercise programs or medications 
and injections. Equally important, patients 
for whom knee OA rehabilitation is predicted 
to fail can be reprioritized for physical thera-
py aimed at coexisting conditions or injuries 
such as a functionally limiting impingement 
syndrome of the shoulder or chronic degen-
erative back or hip conditions.

METHODS
Using a retrospective combined-cohort study 
design, we reviewed baseline patient exami-
nations from 2 RCTs1,2 to identify variables 
that indicate which individuals with knee OA 
are unlikely to benefit from manual physical 
therapy and exercise, and to thereby develop 
a preliminary CPR. We extracted data from 
the research folders of all study participants. 
The institutional review board of Brooke 
Army Medical Center determined that the 
study was exempt from review. From April 
to December 2008, we prepared an extensive 
database of examination findings and per-
formed analyses to determine the variables 
that predict likely treatment nonsuccess 
with manual physical therapy and exercise. 
Improvement of <12% in the total WOMAC 
score after 4 weeks of treatment defined non-
success.45

Data sets from the previously published 
trials contained 22 variables measured at 
baseline that were potential predictors of 
nonsuccess. We combined these variables 
with an additional 145 variables manually re-
trieved from standardized examination forms 
used for each subject, for a total of 167 poten-
tial predictors. We combined only data from 
treatment groups receiving manual therapy 
and exercise.

We limited the extent of some examina-
tion procedures in the earlier studies, due to 
the high level of symptoms experienced by 
some subjects at rest and during the initial 
examination. For example, if there was severe 
pain with active knee flexion, we did not per-
form passive manual overpressure to flexion; 
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nor did we record a finding. Thus, the total 
number of data points for each subject varied 
somewhat.

DATA ANALYSIS
We compared success and nonsuccess groups 
with 2-tailed unpaired t-tests for continuous 

TABLE 1  

Baseline descriptive summaries of patients (n=101)

Sex, n (%)

  Men

  Women

37 (36.6)

64 (63.4)

Age, y

  Mean±SD

  Range

62.5±10.4

39-85

Height, m

  Mean±SD

  Range

1.66±0.1041

1.42-1.91

Side(s) involved, n (%)

  Unilateral

  Bilateral

63 (62.4)

38 (37.6)

Weight, kg

  Mean±SD

  Range

84.5±17.8

48.6-132.7

Duration of symptoms, mo

  Mean±SD

  Range

76.1±87.9

1-480

WOMAC (VAS) total baseline, mm

  Mean±SD

  Range

1059.8±447.1

193-2289

6-minute walk test baseline, m

  Mean±SD

  Range

425.6±114.8

118.2-683.3

Physical activity relative to peers (self-report), n (%)

  Much more active

  Somewhat more active

  About the same

  Somewhat less active

26 (26)

33 (33)

20 (20)

21 (21)

Radiographic severity score, n (%)

  0

  1

  2

  3

  4

6 (6.1)

25 (25.5)

33 (33.7)

25 (25.5)

9 (9.2)

*Baseline data were available for all 101 subjects except for duration of symptoms (n=98); physical activity (n=100); and  
radiographic severity (n=98). 

VAS, visual analog scale; WOMAC, Western Ontario MacMaster.
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variables, and chi-square tests for categorical 
variables. We additionally performed logistic 
regression analysis on potential predictors 
that yielded P values <.10, using a forward 
conditional stepwise procedure with prob-
ability levels set to .05 for entry and .10 for re-
moval from the model. Predictors retained by 
the final logistic regression model comprised 
the CPR.

We coded each patient in the data set 
as positive or negative for each predictor in 
the CPR. To determine a cut score, we di-
chotomized the single retained continuous 
predictor variable using receiver-operator 
characteristic (ROC) curve analysis and the 
Youden index.46 For each CPR level (ie, in-
creasing number of predictors positive), 
we constructed a 2 × 2 contingency table 
with numbers of patients with true-positive 

test results, false-positive test results, true-
negative test results, and false-negative test 
results. We characterized prognostic perfor-
mance of the CPR by calculating sensitivity, 
specificity, and positive likelihood ratios for 
each level of positive predictors. To deter-
mine overall prognostic accuracy, we added 
true positives and true negatives and divided 
by the total number of patients in the cross 
tabulation.

For each CPR level, we derived posttest 
probabilities of nonsuccess from generalized 
pretest probability (incidence of treatment 
nonsuccess in the sample) and the positive 
likelihood ratios.47 Finally, to determine how 
consistently the CPR performed with subjects 
in the original studies,1,2 we generated sepa-
rate cross-tabulations and prognostic accu-
racy statistics from each RCT.

TABLE 2 

Prognostic accuracy statistics for individual predictors

 
Predictor

Sensitivity  
(95% CI)

Specificity  
(95% CI)

Positive likelihood 
ratio (95% CI)

Posttest probability 
of nonsuccess*

Height ≥1.71 m 0.65

(0.41-0.83)

0.77

(0.67-0.85)

2.86

(1.69-4.86)

37%

ACL laxity 0.27

(0.10-0.57)

0.93

(0.83-0.97)

3.68

(0.96-14.19)

43%

Pain with passive 
patellofemoral glide 
in any direction

0.71

(0.35-0.92)

0.61

(0.47-0.74)

1.84

(1.03-3.31)

27%

TABLE 3 

Prognostic accuracy statistics for 3-level clinical prediction rule

ACL, anterior cruciate ligament; CI, confidence interval.

*Assumes pretest probability of nonsuccess=17% (incidence in this sample).

 
CPR level

Sensitivity  
(95% CI)

Specificity  
(95% CI)

Positive likelihood 
ratio (95% CI)

Posttest probability 
of nonsuccess*

All 3 tests positive 0.21

(0.05-0.58)

0.99

(0.90-1.00)

19.29

(0.87-428.09)

80%

At least 2 tests  
positive

0.83

(0.44-0.97)

0.98

(0.88-1.00)

36.67

(5.11-263.01)

88%

At least 1 test positive 0.92

(0.56-0.99)

0.48

(0.34-0.62)

1.78

(1.26-2.52)

27%

CI, confidence interval; CPR, clinical prediction rule.

*Assumes pretest probability of nonsuccess=17% (incidence in this sample).
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Applying the clinical prediction rule in practice
Actual cases of knee osteoarthritis (OA) evaluated by one of the authors (GD)

A 48-year-old female elementary teacher was referred for physical therapy due to right 
knee pain and a diagnosis of OA that was limiting her ability to climb stairs and squat to work 
with children in the classroom. Her goals were to be able to perform these physical activities 
with less pain and to reduce her anti-inflammatory medications. However, she also worried 
about taking time away from her job to attend physical therapy appointments. She was 1.63 m 
(5’4”) tall and had a body mass index of 27.5 kg/m2. Her knee was stable to ligamentous testing, 
with mild limitation and pain with active and passive movement of both the tibiofemoral and 
the patellofemoral joints. She had weakness of the quadriceps and hip abductors, and moder-
ate tightness of the calf muscles in both lower extremities.

Given the presence of only a single predictor for nonsuccess (pain with passive movement of 
her patella), the likelihood that this patient would not respond to manual physical therapy and 
exercise was just 27%, according to the clinical prediction rule. The impairments to movement, 
strength, and flexibility found during the physical examination typically can be successfully 
addressed with manual physical therapy. Additionally, one of the patient’s goals was to reduce 
her medication use—a reported outcome of the clinical trials used for deriving the rule.1,2 This 
patient was a good candidate for the intervention, with an acceptably small chance of not 
achieving a clinically meaningful benefit.

A 50-year-old male soldier 1.95 m (6’5”) tall was referred for physical therapy to ameliorate 
chronic pain due to tricompartmental knee OA. He exhibited anterior ligamentous laxity and 

felt severe pain with manually performed passive patellar glides (FIGURES 1 and 2). He also 
had a rotator cuff tear and a mild traumatic brain injury from a roadside bomb blast. With 3/3 
predictors for failure, the likelihood of reducing this patient’s knee symptoms with manual 
therapy and exercise was just 20%. The physical therapist and referring physician jointly de-
cided to focus a small number of physical therapy visits on the patient’s shoulder, while giving 
rehabilitation priority to ongoing cognitive therapy appointments.
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FIGURE 1 

Lachman test
FIGURE 2 

Passive patellofemoral glide

With the patient’s knee flexed at 30º, draw the 
proximal tibia anteriorly to observe movement 
of the tibia relative to the femur and thereby 
gauge anterior cruciate ligament integrity. Laxity is 
suggested by increased movement relative to the 
opposite knee.

With the patient’s knee slightly flexed, apply light 
pressure to the medial border of the patella, mov-
ing it laterally and taking care not to compress the 
patella. Repeat the procedure superiorly, inferiorly, 
and medially. A positive test is pain experienced with 
any of the glides.

Continued
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Patient height 
>1.7 m is the 
least intuitive of 
the predictors 
for nonsuccess.

RESULTS
Baseline patient attributes are summarized 
in TABLE 1. Of the 101 subjects in the com-
bined data set, 17 (16.8%) met the definition 
of nonsuccess. Among 47 continuous-scale 
variables available, 11 predictors significantly 
discriminated between those in the treat-
ment success and nonsuccess groups. Among  
120 categorical-scale variables, 15 predictors 
significantly discriminated between groups. 
We identified 6 potential predictors for en-
try into the final logistic regression analysis: 
height, assistive device type, prone knee bend 
degrees, baseline WOMAC visual analog scale 
(VAS) for difficulty descending stairs, anterior 
cruciate ligament (ACL) laxity, and pain with 
passive patellofemoral glide.

The final regression model retained  
3 predictors comprising the CPR: height, ACL 
laxity, and pain with passive patellofemoral 
glides. We dichotomized height with a cut 
point of 1.71 m (5’7”), which corresponded 
with a deflection point at the upper left extent 
of the ROC curve (area under the curve=0.72; 
95% CI, 0.57-0.87; P=.001). We thus deemed 
a patient 1.71 m or taller as positive for non-
success. We considered a patient with laxity 
of the ACL as positive for nonsuccess if a test 
result on the Lachman test (or the anterior 
drawer test) was positive (any grade other 
than 0). We regarded passive patellofemoral 
glide as positive for nonsuccess if a patient 
reported pain with any direction of passive 
gliding motion imposed by the therapist. 
The final regression model was a good fit to 
the data: Hosmer & Lemeshow test c2 = 2.90 
(P=.940); Nagelkerke R2=0.680.

TABLE 2 presents prognostic accura-
cy profiles for each predictor in the CPR;  
TABLE 3 summarizes the accuracy for each 
level of the multivariate CPR. Values in TABLE 

3 reflect complete sets of data for the 3 predic-
tors found for 50 patients. Of those 50 patients,  
6 (12%) were in the nonsuccess group.

With any 2 of the 3 tests positive, the 
CPR yielded a sensitivity of 83% (95% CI,  
44%-97%), specificity of 98% (95% CI,  
88%-100%), and positive likelihood ratio of 
36.7 (95% CI, 5.1-263.0). Only 2 patients out 
of 50 were misclassified (one false positive 
and one false negative) at this level of the 
CPR, yielding an overall prognostic accuracy 

of 96% (95% CI, 87%-99%). Application of the 
positive likelihood ratio for a patient with any 
2 positive tests yielded a posttest probability 
of 88% for nonsuccess with this treatment.

In the sensitivity analysis, the CPR per-
formed similarly well for patients in each of 
the 2 original studies when applied separately 
to the groups of patients. Among the 30 pa-
tients from the first trial2 who had data for all 
3 predictors in the CPR, only one was misclas-
sified (a false positive), yielding a prognostic 
accuracy of 97% (95% CI, 83%-99%). Among 
the 20 patients from the second trial1 who had 
data for all 3 predictors, only one was misclas-
sified (a false negative), yielding a prognostic 
accuracy of 95% (95% CI, 76%-99%).

DISCUSSION
Family physicians and physical therapists 
should be able to discuss with confidence 
how any given patient with knee OA will likely 
respond to treatment options. Our study is a 
preliminary step toward defining the popula-
tion of patients with knee OA who are unlikely 
to benefit from manual physical therapy and 
exercise. We found such patients to be those 
with height >1.71 m, ACL laxity, and pain with 
passive glides of the patellofemoral joint. 

A limitation of our study is the retro-
spective nature of gathering data. However, 
retrospective CPR derivation studies have 
made valuable contributions to many areas 
of medical practice.48-53 Additionally, if there 
had been uniformly available data across all 
patients, there may have been other, perhaps 
more powerful, predictors for treatment non-
success.

Patient height >1.71 m is the least intui-
tive of the predictors for nonsuccess, but that 
underscores the value of data-driven predic-
tion rules. Variables regarded as unimport-
ant in a typical clinical assessment may show 
clinical usefulness if validated in indepen-
dent studies. It may be that in taller patients 
with knee OA, biomechanical forces are such 
that a positive response to conservative ther-
apy is less likely—particularly in the presence 
of ligamentous laxity or patellofemoral dys-
function.

For most patients with knee OA, the 
combined intervention of manual physical 
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therapy and exercise is clinically beneficial, 
relatively inexpensive, and has no known 
adverse effects.54 However, unique circum-
stances may increase the importance of de-
termining the likelihood that a patient will 
benefit. A validated CPR will facilitate timely 
decisions for those relatively few patients re-
quiring alternative interventions. Although 
the rule is preliminary and needs to be vali-

dated, these results provide current best evi-
dence to define patients with knee OA who 
are unlikely to respond to manual physical 
therapy and exercise. 		                JFP
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