
Identification of Individuals With
Patellofemoral Pain Whose Symptoms
Improved After a Combined Program
of Foot Orthosis Use and Modified
Activity: A Preliminary Investigation

Background and Purpose. In patients with patellofemoral pain syn-
drome (PFPS), the authors determined which aspects of the examina-
tion could be used to identify those patients most likely to respond to
off-the-shelf foot orthoses and instruction in activity modification.
Participants and Methods. Fifty participants were enrolled in the study,
and data for 5 individuals were excluded from analysis. Thirty-four
men and 11 women completed the study. Participants were given foot
orthoses and instructed in activity modification for 3 weeks. A 50%
reduction in pain was considered a success. Likelihood ratios (LRs)
were computed to determine which examination findings were most
predictive of success. Results. The best predictors of improvement were
forefoot valgus alignment of �2 degrees (�LR�4.0, 95% confidence
interval [CI]�0.7–21.9), great toe extension of �78 degrees
(�LR�4.0, 95% CI�0.7–21.9), and navicular drop of �3 mm
(�LR�2.4, 95% CI�1.3–4.3). Discussion and Conclusion. The results
suggest that patients with PFPS who have forefoot valgus alignment of
�2 degrees, passive great toe extension of �78 degrees, or navicular
drop of �3 mm are most likely to respond favorably to initial
intervention with an off-the-shelf foot orthosis and instruction in
activity modification. [Sutlive TG, Mitchell SD, Maxfield SN, et al.
Identification of individuals with patellofemoral pain whose symptoms
improved after a combined program of foot orthosis use and modified
activity: a preliminary investigation. Phys Ther. 2004;84:49–61.]
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P
atellofemoral pain syndrome (PFPS) is an
important clinical problem and the most prev-
alent disorder of the knee.1–3 In a retrospective
survey of 2,002 patients with running-related

injuries, PFPS was the most common diagnosis, compris-
ing approximately 17% of all diagnoses.4 Patellofemoral
pain syndrome also is prevalent among military person-
nel. The disorder was reported by one group of research-
ers to be present in 15% of elite Israeli infantry recruits,5
and another research group found that the disorder was
a principal reason for lost training time during basic
military training.6 A study of injuries in a US Army
infantry division revealed that PFPS was the primary
reason for consideration of a medical discharge.7

Despite its prevalence, the etiology of PFPS is not clearly
understood. Factors that are hypothesized to contribute
to PFPS include vastus medialis muscle weakness and
reduced control,8–11 shortened lower-extremity muscles,
and abnormal foot and ankle biomechanics. Because
of the multifactorial nature of PFPS, numerous inter-
vention strategies have been proposed. Intervention
options for PFPS include strengthening and stretching
exercises,9,11–14 use of orthotic devices for the knee,15–17

taping of the patella,8,10 use of foot orthoses,18–20 and
acupuncture.21

The patient characteristics that might predict success for
any of these interventions are based largely on opinion
or on arguments of biomechanical or biological plausi-
bility. There is currently limited evidence available to the
clinician matching patients to specific interventions.22

We conducted our study in an attempt to identify
characteristics that could predict which patients are
likely to respond to a specific intervention. The inter-
vention strategy we investigated was a combined pro-
gram of the use of foot orthoses and modified activity.
Several studies18–20 have demonstrated the benefits of
foot orthoses for managing the pain associated with
PFPS. We opted to use a combined program of interven-
tions because we believe it is representative of what is
typically done in clinical practice. That is, we contend
that most physical therapists would initially prescribe a
physical intervention and would then advise the patient
to modify his or her physical activity level.

Although we believe some patients will improve with the
use of foot orthoses and a modified physical training
regimen, we suspect that not all patients respond to this
combination of interventions. For instance, many
patients with PFPS are thought to respond favorably to
programs of strengthening or flexibility exercises.9,11–14

Orthotic devices, however, can be relatively expensive,
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and therefore determining which patients are most
likely to benefit from the use of orthoses is, in our
opinion, an important consideration for the therapist.

No one, to our knowledge, has identified those exami-
nation findings or factors in a patient’s history that could
be used to predict which patients with PFPS will respond
to a specific intervention. The purpose of our study was
to identify the patient characteristics that can be used to
determine which individuals with PFPS might respond
favorably to intervention consisting of use of an off-the-
shelf orthotic insert combined with instruction in activity
modification. We believed, therefore, that all partici-
pants needed to receive identical treatment and needed
to be examined by use of the same tests compared
against the same reference standard.23 In this type of
study, the reference standard was the participants’
response to intervention.22,23 The diagnostic value of
each finding and observation related to a patient’s
history and physical examination was calculated to deter-
mine the characteristics of the participants who
responded best (reduction in pain) to the intervention.
Thus, the research design we used was one traditionally
used in diagnostic accuracy studies.24

Method

Participants
Participants were recruited from the active duty military
population assigned to Fort Sam Houston in San Anto-
nio, Texas. Thirty-five men and 15 women, aged 18 to 40
years (X�28.1, SD�6.2), participated. In order for peo-
ple to be included as participants, they needed to have
symptoms of PFPS. The predominant symptom of PFPS
is retropatellar pain that increases during weight-bearing
activities such as running, squatting, and stair climb-
ing.1,10,25 Therefore, the diagnosis of PFPS was deter-
mined by clinicians based on the complaint of retro-
patellar pain that was provoked by either a partial squat
or stair descent.10 People were not allowed to participate
in the study if they had a recent history of trauma to the
knee, ligamentous laxity of the painful knee(s), history
of surgery for the affected knee(s), or history of systemic
or neurologic disease. People who reported having
lower-extremity problems such as stress fractures or
shinsplints and those already receiving intervention for
their knee pain also were excluded. Participants were
required to be fluent in the English language. Each
participant signed an informed consent form prior to
enrollment in the study.

Procedure and Examination
Participants met with the same investigators twice. All
questions asked during the history-taking session are
shown in Appendix 1. During that session, the partici-
pants also completed a visual analog scale (VAS) to

characterize their current level of knee pain. The VAS is
believed to provide a valid measurement of pain inten-
sity and clinical change in a sample of patients diagnosed
with PFPS.26 Because the pain of PFPS is typically
induced by activity,3,10,27 participants were asked to
record the maximum knee pain they experienced dur-
ing the most recent activity that brought on their pain.
Participants were then asked to place a vertical mark on
a 10-cm horizontal line to indicate the amount of pain
they experienced. One end of the line was labeled “No
pain at all,” and the other end of the line was labeled
“Worst possible pain.” The distance from the left
extreme point of the line (“No pain at all”) to the
participant’s mark was measured and recorded (in
millimeters).

The physical examination we used consisted of measure-
ments that we believe are routinely obtained from
patients with knee pain. This examination included
palpation of bony landmarks and measurement of range
of motion to reflect muscle length. Additionally, the
following lower-extremity measurements were taken:
rear-foot alignment in subtalar joint neutral (STJN),
forefoot–to–rear-foot alignment, navicular drop, relaxed
calcaneal stance, and Q angle. To our knowledge, no
one has reported the reliability of data obtained with
these tests and measures in a population of individuals
with PFPS. We included an extensive list of lower-
extremity measures in order to avoid missing any possi-
ble predictors of success with the intervention used in
our study. The measurements were obtained for all
patients, and data were recorded on a data collection
form. Two different testers (SDM and CLM) examined
the first 30 participants sequentially to determine the
interrater reliability of the measurements. One rater
(CLM) tested the remaining 20 participants, and only
that rater’s measurements were entered into the data
analysis for the predictive portion of the study. Two
researchers ( JCN and CRS) served as recorders for the
values measured by the raters.

Initial visit. Measurements were taken bilaterally while
participants were in the following positions: prone,
standing, seated, and supine. All goniometric measure-
ments were taken using a 17.8-cm (7-in) plastic goniom-
eter marked in single-degree increments. After the
informed consent and history were obtained, partici-
pants were asked to lie prone with one leg extended and
the ipsilateral foot off the end of the plinth. The
contralateral knee was flexed to 90 degrees, with the hip
laterally (externally) rotated. This position was identical
to the “figure-four position” for subtalar joint measure-
ment as described by Donatelli.28 In this position, 2 lines
were drawn with a felt-tip pen by the examiner. One line
bisected the distal one third of each participant’s leg,
and the other line bisected the calcaneus. Although the
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reliability of STJN measurements is questionable, the
foot was positioned in what we believed was STJN, and
the rear-foot measurement was recorded. The forefoot–
to–rear-foot alignment also was measured and recorded
in this neutral position.29 Next, ankle dorsiflexion was
measured both with the knee fully extended and with
the knee flexed to 90 degrees. Tibial torsion was mea-
sured as described by Gross.29 For the final measurement
obtained in the prone position, the Craig test was used to
determine if femoral retroversion or anteversion was
present.30

Measurements of tibial varum and tibial valgum, the rear
foot in a relaxed calcaneal stance position, and navicular
drop were obtained with the participants standing on a
step stool with their feet shoulder-width apart. To our
knowledge, there is no standardized method of measur-
ing the degree of tibial varum or tibial valgum. We
measured the angle formed between the line previously
drawn on each participant’s leg and the horizontal plane
formed by the surface of the step stool. We defined tibial
varum as being present when the proximal end of the
line drawn on the participant’s leg being more lateral
than the distal end. The rear-foot position in a relaxed
calcaneal stance position was measured as described by
Jonson and Gross.31 For the navicular drop test, the
examiner palpated the participant’s navicular tuberosity
and made a horizontal mark on the tuberosity. The
examiner then positioned the participant’s foot in the
subtalar neutral position.32 An index card then was
placed vertically next to the navicular bone and flush
with the surface of the stool. The examiner made a mark
on the index card at the height of the navicular tuber-
osity. The participant then was asked to relax his or her
stance on the extremity, and the new position of the
navicular was marked on the index card. The difference
between the 2 marks was measured (in millimeters) and
reflected what we called the navicular drop (or rise).
The final procedure performed with the participants in
a standing position was the measurement of Q angle.33

Medial, neutral, or lateral patellar orientation was deter-
mined visually by the testers (SDM, CLM) with the
participant in a seated position with both knees flexed to
90 degrees.30 Passive great toe extension was measured
with the participant in a long sitting position. The
stationary arm of the goniometer was positioned parallel
to the first metatarsal. The axis was at the first metatar-
sophalangeal (MTP) joint, and the movable arm of the
goniometer followed the proximal phalanx of the great
toe.34 The examiners put the participant in the Thomas
test position to measure hip flexor tightness and in the
position for the 90/90 straight-leg-raising test to measure
hamstring muscle length. The leg-length difference as
perceived by the examiners were measured with the
participant positioned supine. The Thomas test and the
90/90 straight-leg-raising test were conducted as
described by Magee.30 If the participant was unable to
extend the knee to within 20 degrees of full extension
during the 90/90 straight-leg-raising test, the test was
considered positive for hamstring muscle tightness. Leg
length was determined by measuring from the anterior
superior iliac spine to the distal medial malleolus (in
centimeters) with a tape measure.29,30,35 Finally, with the
participant in a side-lying position, the Ober test was
conducted to assess the presence or absence of iliotibial
band tightness.30

Intervention. After all measurements had been taken,
the participants were given orthotic inserts with instruc-
tions for their use. The orthotic inserts used were First
Step premolded full-length insoles* with a firm arch
support and heel cushion (Fig. 1). No adjustments or
postings were made to the orthosis. The participants
were instructed to use the orthoses at all times for 21
days. Participants were instructed to take the orthotic
splints out of their work boots and use them in other
shoes they wore. They were told to wear only footwear
that allowed for orthosis use during the 21-day interven-
tion period.

Participants also were given an instruction sheet that
delineated the standardized physical training regimen
they were to perform during the study period. According
to McGinn et al,23 in this type of study, it is crucial that
all participants receive the same intervention. In our
study of military personnel, we believe this was best
accomplished by prescribing a “medical profile”—a pre-
scription that delineates standardized activities that the
soldier is allowed to perform during a specified period.
The participants remained active during the interven-
tion period, and the activities that they performed were
dictated by the medical profile. The 21-day medical
profile limited kneeling, squatting, and deep knee bends
and prohibited the participant from marching over

* Wrymark Inc, 11833 Westline Industrial Dr, St Louis, MO 63146.

Figure 1.
First Step premolded full-length insoles with firm arch support and heel
cushion.
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1.6 km (1 mile). In addition, participants were restricted
from running during the first 7 days of orthosis use.
Thereafter, they could run at their own pace and dis-
tance. Participants were instructed to refrain from lower-
body resistive exercise during the study period. They
were allowed to do exercises that we believed promoted
general flexibility and to continue calisthenics and
upper-body resistive exercises. They were not given
medication for their knee pain during the intervention
period.

Second visit. Participants returned between days 20 and
23 for a follow-up visit. Each participant completed a
second VAS to determine if there was a change in his or
her pain level after 3 weeks of orthosis use and modified
activity. Each participant also completed a Global Rating
of Change (GRC) questionnaire to assess the overall
change in the status of his or her PFPS (Appendix 2).36

All participants were told they could seek further inter-
vention if their knee pain persisted. No data were
collected to assess the degree of adherence for either the
orthoses or the activity modification.

Data Analysis
Data were collected and formatted into a spreadsheet
usable in SPSS for Windows, version 10.1.† To determine
the interrater reliability for continuous variables, intra-
class correlation coefficients (ICC [2,1]) were calcu-
lated. Interrater reliability for categorical measurements
(Thomas test, hamstring muscle 90/90 straight-leg-
raising test, Ober test, patellar orientation) was deter-
mined using the kappa coefficient.

Prescriptive validity studies are designed to identify
predictor variables that serve as the basis for choosing a
specific intervention.37 For the prescriptive validity por-
tion of the study, the results for each participant were
classified as being either successful or not successful. If
50% or greater improvement was noted on the VAS, the
intervention was considered a success. If improvement
was less than 50%, the intervention was not considered
to be successful. The classification of results as successful
or unsuccessful allowed us to examine how data from the
history and the physical examination could be used as a
predictor of success.

Univariate analyses (using chi-square tests and individual
t tests) were conducted to determine which variables had
a significant relationship with the reference standard
(intervention success) and served as a first-pass screen-
ing procedure to determine which variables would be
entered into a binary logistic regression model. Chi-
square analysis was done to determine which of the
discrete variables were predictive of intervention success.

Discrete variables included questions from the history
(Appendix 1), the participant’s sex, the Thomas test,
hamstring muscle 90/90 straight-leg-raising test, Ober
test, and patellar orientation. Continuous variables were
analyzed for their relationship with intervention out-
come using independent t tests. Continuous variables
included age, duration of symptoms, rear foot in SJTN
position, forefoot–to–rear-foot alignment, ankle dorsi-
flexion with knee extended, ankle dorsiflexion with knee
flexed, tibial torsion, Craig test, relaxed calcaneal stance
position, tibial varus and tibial valgus, navicular drop,
Q angle, great toe extension, and leg-length difference.
The alpha level for all univariate analyses was set at
��.15. This liberal alpha level was chosen to avoid
discarding any potentially useful predictors from being
entered into the logistic regression model due to a
Type II error. Given the exploratory nature of this
study and influence of the subsequent regression pro-
cedure, the inflated Type I error rate was determined
to be acceptable. Successful and unsuccessful results
were analyzed to ensure homogeneity of variance, nor-
mal distribution, and random assignment using the
Levene test.

Sensitivity, specificity, and likelihood ratios (LRs) were
calculated for those elements of the history and physical
examination that were found to be predictive of inter-
vention success (P�.15). Sensitivity reflects the ability
of a diagnostic test to determine a true positive for a
given disease or condition, and specificity reflects the
ability of a test to determine a true negative for a disease
or condition.38 Intervention success was what we were
attempting to predict, and our goal was to identify
the information from the history and measurements
obtained during the physical examination that best
predicted the likelihood of intervention success. We also
were interested to see if any combination of the diagnos-
tic variables generated higher LRs than the individual
variables alone. Stepwise logistical regression analysis was
conducted to determine which, if any, combination of
the diagnostic variables was most predictive of interven-
tion success. Only variables that demonstrated statistical
significance from the univariate analysis were entered
into the regression model.

Although sensitivity and specificity are commonly cited
in the research literature, some authors24,39 contend that
they are of limited clinical use. An LR is another
diagnostic accuracy measure that is used to determine
the probability of whether a person is more or less likely
to have a condition (target condition). Likelihood ratios
combine the best features of sensitivity and specificity,
and they are convenient summary measures of diagnos-
tic test performance.40 Likelihood ratios provide clini-
cians with a measure that can be used to determine
which elements of the clinical examination are most

† SPSS Inc, 233 S Wacker Dr, Chicago, IL 60606.
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predictive of the target condition being present.24 A
positive LR increases the likelihood of a target condition
given a positive test result, and a negative LR decreases
the likelihood of the condition given a negative test
result.24 Positive and negative LRs are calculated as
follows:

Positive likelihood ratio ��LR� � sensitivity/�1 � specificity�

Negative likelihood ratio ��LR� � �1 � sensitivity�/specificity

An LR greater than 1 means the probability that a given
condition exists is high, and an LR less than 1 means the
probability that the condition exists is low. When an LR
approaches 1, the odds of showing whether a condition
is present diminishes, and the test results are indetermi-
nate.41 In our study, the condition of interest was inter-
vention success. We were most interested in identifying
measurements with a large �LR; that is, those measure-
ments that were most helpful in ruling in the condition
of intervention success.

For the diagnostic predictors that consisted of discrete
variables, we used a 2�2 contingency table to calculate
sensitivity and specificity. For each of the continuous
variables, a receiver operating characteristic (ROC)
curve was generated. The ROC curve plots the sensitivity
along the Y-axis and 1�specificity along the X-axis for

multiple values of each variable, and it
displays the coordinates for both axes
in tabular format. The data from the
table were transferred into a spread-
sheet, and the sensitivity, specificity,
and LR for each point on the curve
were calculated. The cutoff score for
each of the continuous variables was
the value of the variable that generated
the highest �LR.

Results
Fifty subjects (35 men, 15 women),
aged 18 to 40 years (X�28.1, SD�6.2),
participated. Data from 5 participants
were excluded from the data analysis
for the predictive portion of the study.
Four participants were unable to attend
their final appointment, and their data
were not used. One participant did not
complete the questionnaire. Thirty-
three of the remaining 45 participants
had bilateral PFPS. Calculations for the
predictive portion of the study, there-
fore, were based on 78 knees from 45
subjects (34 men, 11 women). Descrip-

tive statistics for the continuous variables measured on
each of the 50 subjects are shown in Table 1.

Data for the interrater reliability portion of our study
were collected from the first 30 participants (60 knees)
enrolled in the study. The values for the reliability
coefficients (ICC [2,1]) for the continuous measure-
ments ranged from ICC�.17–.97 (Tab. 2). The Cohen
kappa coefficient values for reliability for the categorical
variables were as follows: Thomas test, ��.07; hamstring
muscle 90/90 straight-leg-raising test, ��.19; Ober test,
��.08; and patellar orientation, ��.08.38

The mean duration of symptoms for the participants in
our study was 174 weeks (Tab. 1). Twenty-seven partici-
pants (47 knees) (60%) were considered to have success-
ful interventions based on a 50% improvement on the
final VAS. Of the participants who responded success-
fully to the intervention, 20 had bilateral knee pain.
A histogram showing the distribution of VAS change
scores is provided in Figure 2. The mean percentage of
improvement in VAS scores for all participants was
44.2% (SD�49.9%). The mean percentage of improve-
ment was 72.2% (SD�14.5%) in the successful group
(n�27 subjects, 47 knees) and 7.1% (SD�46.3%) in the
unsuccessful group (Fig. 3). The mean initial VAS score
was 51 mm (SD�24) for the successful group and 43 mm
(SD�15) for the unsuccessful group. The mean final
VAS score was 15 mm (SD�12) for the successful group
and 34 mm (SD�12) for the unsuccessful group. The

Table 1.
Subject Characteristics

Characteristic

All Subjects
Successful
Group

Unsuccessful
Group

PdX SD X SD X SD

Age (y) 28.1 6.2 29.1 6.3 27.5 4.8 .22
Duration of symptoms (wk) 173.6 190.7 177.4 209.3 167.4 159.4 .83
Rear foot in subtalar joint

neutral position (°)a 8.1 5.7 8.1 5.5 8.2 6.2 .94
Forefront alignment (°)a 7.3 8.3 4.9 7.3 10.2 8.5 .005
Ankle dorsiflexion/knee

extended (°) 7.6 4.8 7.3 4.0 8.1 5.8 .47
Ankle dorsiflexion/knee

flexed (°) 21.4 7.4 21.3 7.1 20.7 7.4 .68
Tibial torsion (°) 27.3 7.4 28.1 7.1 26.0 7.9 .24
Craig test (°)b 11.8 9.4 13.0 7.4 10.7 12.2 .32
Relaxed calcaneal stance (°)c 6.7 4.5 5.7 4.0 8.1 4.9 .02
Tibial varus/valgus (°)a 5.7 3.7 5.4 3.7 6.2 3.7 .39
Navicular drop test (mm) 5.3 4.4 3.6 3.1 6.3 4.9 .01
Q angle (°) 9.2 5.1 9.2 4.8 9.3 5.6 .98
Great toe extension (°) 94.4 12.8 92.8 11.9 98.5 12.7 .045
Leg-length difference (mm) 7.3 6.5 7.6 7.4 6.8 5.9 .62

a Value shown is degree of varus; negative value would indicate valgus.
b Value shown is amount of anteversion; negative value would indicate retroversion.
c Value shown is degree of valgus; negative value would indicate varus.
d Individual t tests were used to determine the significance (df�76).
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mean reduction in pain on the VAS was 36 mm for the
successful group and 9 mm for the unsuccessful group.

Each participant also completed the GRC questionnaire.
The mean GRC questionnaire score for all participants
was 2.7 (SD�2.5, range�4.0–6.0). The mean GRC ques-
tionnaire scores were 3.6 (SD�1.8) for the successful
group and 1.3 (SD�2.8) for the unsuccessful group.

Findings related to 8 variables appeared to be related to
intervention success based on the chi-square and inde-
pendent t-test analyses (Tab. 3). Of those variables, 6
characteristics emerged as predictors of intervention
success based on their LRs. The sensitivity, specificity,
positive LRs, and cutoff scores for the predictors are
shown in Table 4. No diagnostic test cluster emerged
from the logistical regression analysis.

Discussion
Initially, findings related to 8 variables appeared to be
related to intervention success. The clinical utility of any

diagnostic test is determined largely by the accuracy with
which it identifies the presence of the target condition.41

In our study, the goal was to determine which diagnostic
tests were most predictive of intervention success. The
accuracy measure that is most helpful for determining
that a target condition is present is the positive LR.
Jaeschke and colleagues41 proposed the following guide-
lines for interpreting LRs. Positive LRs greater than 10
generate large and often conclusive changes from pre-
test to posttest probability for a given diagnosis; those
between 5 and 10 generate moderate shifts from pretest
to posttest probability, and those between 2 and 5
generate small, but sometimes important, changes in
probability. Based on these guidelines, 3 of the 6 predic-
tors of intervention success in our study had meaningful
positive LRs (�2.0): forefoot–to–rear-foot alignment
(�LR�4.0, 95% confidence interval [CI]�0.7–21.9),
great toe extension (�LR�4.0, 95% CI�0.7–21.9), and
navicular drop test (�LR�2.4, 95% CI�1.3–4.3). The
CIs for these findings were quite large and therefore
increase the uncertainty of the findings. Furthermore,

Figure 2.
Distribution of visual analog scale (VAS) percentage change scores. The
dotted line indicates a 50% reduction in pain; scores of participants who
responded to the intervention are shown to the right of the dotted line.
One outlier (–160% change) not shown on graph.

Figure 3.
Initial and final visual analog scale scores for the successful and
unsuccessful groups. The mean percentage change in the successful
group was 72.2% (SD�14.5%). The mean percentage change in the
unsuccessful group was 7.1% (SD�46.3%).

Table 2.
Interrater Reliability Values for Continuous Measurement Variables
(n�30)a

Test/Measure ICC (2,1) SEM 95% CI

Leg-length difference .97 9.0 mm .93–.98
Great toe extension .55 7.8° .15–.76
Navicular drop test .51 2.8 mm .30–.67
Relaxed calcaneal stance .48 3.8° .26–.65
Tibial varus/valgus .41 2.7° .17–.60
Q angle .40 4.2° .08–.70
Ankle dorsiflexion/knee

flexed .38 6.0° .11–.59
Tibial torsion .32 6.4° .07–.53
Ankle dorsiflexion/knee

extended .29 4.2° .05–.50
Rear foot in subtalar joint

neutral position .25 4.5° .01–.47
Forefoot alignment .25 7.0° .02–.47
Craig test .17 8.4° �.09–.41

a ICC�intraclass correlation coefficient,38 SEM�standard error of
measurement, CI�confidence interval.

Table 3.
The 8 Characteristics That Were Related to Intervention Successa

Characteristic P

Forefoot alignment .005
Navicular drop test .01
No complaint of crepitus .016
Relaxed calcaneal stance .023
Hamstring muscle 90/90 straight-leg-raising test .044
Great toe extension .045
Participants’ sex .083
Complaint of difficulty with walking .101

a Based on chi-square and independent t-test analyses (P�.15).
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the lower limits of the CIs for 2 characteristics were less
than 1.0, indicating that these variables may not be very
useful for predicting intervention success. No combina-
tion of the 3 predictors yielded positive LRs greater than
2.0. The data were analyzed based on the premise that
the clinical improvement we saw was due to the inter-
vention. Because we did not conduct a blinded random-
ized controlled trial (RCT), we can only be sure that we
predicted who had a clinical improvement.

Fagan42 developed a nomogram (Fig. 4) to facilitate the
use of LRs and to provide clinicians with a tool for
determining the probability that a condition is present
given the results of a diagnostic test. In our study, 60% of
all participants were considered to have initial interven-
tion success after 3 weeks of the combined interventions.
Therefore, the pretest probability of success with the
intervention used for the participants in our study was
60%, as shown in the first column of Figure 4. The
second column of the nomogram represents the LR for
a given diagnostic test. The range of positive LRs for the
forefoot–to–rear-foot alignment, great toe extension,
and navicular drop measurements are plotted in the
second column of the nomogram. The third column of
the nomogram shows the change in the probability of
intervention success after applying the LRs to the pretest
probability.

As shown in Figure 4, the probability of intervention
success improved after applying any 1 of the 3 predictive
foot measurements. The posttest probability for a posi-
tive response to intervention improved to 86% after
using the positive LR (4.0) for either the great toe
extension or forefoot alignment measurements. Conse-
quently, if a patient with PFPS has 2 degrees or more of
forefoot valgus alignment or less than 78 degrees of
passive great toe extension, there is an 86% probability
of achieving a 50% or greater reduction in pain or
disability after a 3-week trial of an intervention similar to
that used in this study. Given the small number of
participants, however, these numbers are, at best, esti-
mates, and the CI would more appropriately reflect what

might be seen in practice. The posttest probability for a
favorable intervention outcome improved to 78% after
applying the navicular drop test alone (�LR�2.4). The
identification of these variables, we believe, provides
clinicians with a first approximation of the characteris-
tics of patients with PFPS who are most likely to benefit
from intervention with an unmodified, off-the-shelf
orthotic insert and a modified physical training regimen.

Brody43 described the navicular drop test as a conve-
nient clinical method for estimating the amount of foot
pronation. He considered 10 mm to be a normal
amount of navicular drop, whereas he considered values
greater than 15 mm as indicating excessive motion and
reason to consider the use of foot orthoses in runners. In
studies of people without known impairments or pathol-
ogy, mean navicular drop test values ranged from 6.2 to
9.0 mm.32,44 The mean navicular drop test value for the
participants in our study was 5.3 mm (Tab. 1). The mean
navicular drop test value for the successful group was
3.6 mm, whereas the mean value for the unsuccessful
group was 6.3 mm (P�.01). Therefore, the participants
in our study with minimal motion on the navicular drop
test responded best to intervention. Furthermore, based
on the ROC analysis, the cutoff score for the navicular
drop test was 3 mm. That is, patients with a navicular
drop of 3 mm or less were most likely to respond
favorably to the combined interventions used in this
study (Tab. 4).

The amount of great toe extension required during the
propulsion phase of gait ranges from 50 to 90
degrees.34,44,45 Several authors34,44,45 have described
static non–weight-bearing (NWB) techniques for assess-
ing first MTP joint extension, such as the one we used in
our study. Other investigators examining subjects with-
out knee pain have reported passive great toe extension
values of 82 to 96 degrees when measured in a NWB
position.34,44,45 Our finding of mean great toe extension
of 94 degrees in our patients with PFPS is consistent with
the earlier reports. There was a difference in great toe
extension between participants in the successful group

Table 4.
Sensitivity, Specificity, Likelihood Ratios (LR), and Successful Cutoff Scores for Predictors of Intervention Success (90% Confidence Intervals Shown
in Parentheses)

Predictor Sensitivity Specificity �LR Cutoff Score

Forefront alignment 0.13 (0.04–0.24) 0.97 (0.90–1.00) 4.0 (0.7–21.9) 2° or more valgus

Great toe extension 0.13 (0.04–0.24) 0.97 (0.90–1.00) 4.0 (0.7–21.9) 78° or less

Navicular drop test 0.47 (0.32–0.61) 0.80 (0.67–0.93) 2.3 (1.3–4.3) 3 mm or less

Relaxed calcaneal stance 0.36 (0.17–0.55) 0.81 (0.71–0.92) 1.9 (1.0–3.6) 5° or less valgus and all varus

Hamstring muscle 90/90 straight-leg-
raising test 0.68 (0.55–0.80) 0.56 (0.37–0.75) 1.5 (1.0–2.3) Tight hamstring muscles

Difficulty walking 0.71 (0.55–0.86) 0.48 (0.33–0.62) 1.4 (1.0–1.8) Complaint of difficulty walking
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(X�92°) and participants in the unsuccessful group (X
�99°) (P�.05). Based on the ROC analysis, participants
who had reduced great toe extension (78° or less) were
more likely to benefit, presumably from intervention
(Tab. 4).

Forefoot–to–rear-foot alignment is a measurement of
the frontal-plane relationship between the 2 foot seg-
ments and is usually measured in a NWB position.28,29,46

McPoil et al47 studied the incidence of forefoot types in
58 female subjects without knee pain and found that
forefoot valgus was present in 44.8%, while forefoot
varus was present in 8.6%. In contrast, Garbalosa et al46

reported that forefoot varus malalignments (86.7%)
were far more common than valgus types (8.8%) in 120
subjects without known knee pathology. In our study,
83% of the feet were classified as being in forefoot varus,
and the remaining 17% were considered to be in fore-
foot valgus. The mean forefoot alignment measurement
for all participants in our study was 7.3 degrees of varus.
Participants in the successful group had less varus
(X�4.9°) than those in the unsuccessful group
(X�10.2° of varus) (P�.005). The ROC analysis showed
that patients with PFPS who appeared to respond best to
the intervention used in this study had forefoot valgus
(Tab. 4).

Participants’ Response to Intervention
Because our study was not a randomized trial, we were
unable to determine whether the participants’ response
to intervention was due to the effects of the orthotic
device, due to the modified physical training regimen, or
reflective of improvement due to the passage of time. We
used our study design as a first step in determining
which participants might respond best to a specific
intervention. In order to do so, all participants had to
undergo an identical battery of historical questions and
tests and measures, receive identical intervention, and
be compared against the same reference standard.23

Given that the predictors of intervention success were
foot and ankle measurements, it is our opinion that the
orthotic device was primarily responsible for the relief of
symptoms experienced by the participants. Our research
design, however, does not allow us to make any stronger
claim than one that is opinion-based. To our knowledge,
there are no reports on the effects of modified activity or
rest on patellofemoral pain, and therefore no such data
are available for comparison with our results. Addition-
ally, it would be helpful to know the short-term natural
history of PFPS. We found, however, only 2 studies in
which there were descriptions of the natural history of
PFPS.5,48 Unfortunately, the mean length of follow-up in
the 2 studies was 3.8 and 6 years, respectively, which
prevents us from making comparisons with our study.

Customized foot orthoses are often prescribed for
patients with knee pain due to PFPS who have excessive
foot and ankle motion.28,43 Brody43 originally described
the navicular drop test as a convenient clinical method
for estimating the amount of foot pronation, and he
considered values greater than 15 mm as indicating

Figure 4.
Nomogram showing the pretest probability of intervention success using
the orthotic insert (60%); the range of positive likelihood ratios for the
navicular drop test, great toe extension, and forefoot alignment mea-
sure; and the improved posttest probabilities for intervention success
after using the navicular drop test (dotted line, 78%) and the great toe
extension or forefoot alignment measures (solid line, 86%). Reprinted
with permission from: Fagan TJ. Nomogram for Bayes theorem [letter].
N Engl J Med. 1975;293:257. Copyright © 1975 Massachusetts
Medical Society. All rights reserved.
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excessive motion and reason to consider the use of foot
orthoses in injured runners. Presumably, patients with
excessive motion would respond best to a customized
orthosis that is supposed to control motion. However,
the participants in our study who appeared to respond
best to initial intervention had minimal motion on the
navicular drop test, a lesser amount of passive extension
of the first MTP joint, or generally a lesser degree of
forefoot varus alignment compared with those in the
unsuccessful group. The combination of these findings
suggests to us that the patients with PFPS who appeared
to respond best to our intervention had relatively inflex-
ible feet. Such feet have a limited ability to become
mobile and a relative inability to attenuate the forces
imparted to the feet during the stance phase of gait.49

Forces introduced at the foot will then most likely be
transmitted up the lower extremity to be absorbed by
joints such as the knee and patellofemoral joints, and
this may lead to dysfunction in these regions.49–52 We did
not measure ground forces or any biomechanical effects
of the orthoses, and therefore we do not know how well
the insert used in our study absorbed shock. Our find-
ings suggest to us, however, that if there is a therapeutic
effect of the intervention, it may have been achieved by
shock attenuation rather than by motion control. Evi-
dence suggests that shock-absorbing inserts can reduce
the incidence of lower-extremity overuse injuries.20

Recently, based on reviews of the literature, some
authors53,54 have suggested that the shock-absorbing
effects of orthoses, and not their ability to correct
alignment and control motion, may be their most useful
asset.

Outcome Measures
A 50% improvement on the VAS was set as the criterion
used to identify the group of participants who had a
sufficiently high and, in our view, clinically meaningful
reduction in their pain. Eng and Pierrynowski18 reported
a 37.5% improvement on the VAS for subjects with PFPS
who used a customized insole over the course of 8 weeks.
Furthermore, it has been argued that a change of 30%
on any numerical pain rating scale represents a clinically
meaningful reduction in pain in subjects with a variety of
disorders,55 although evidence showing how this change
is beneficial for all situations is not clear. Therefore, we
felt that a 50% threshold was sufficiently high to identify
individuals who responded to the intervention.

Yet, the results of the GRC questionnaire suggest that the
participants improved by more than just their pain
levels. The GRC is a self-report instrument that measures
how much the participant’s condition changed since
starting the intervention.36 Juniper et al36 proposed that
a score of –1, 0, or 1 on the GRC questionnaire indicates
that there is no real change in a person’s condition.
They also contended that people who score 	2 to 3 on

the GRC questionnaire experience minimal change,
those who score 	4 to 5 experience moderate changes,
and those who score 	6 to 7 experience large changes in
their condition. Positive scores indicate an improvement
in the person’s condition, whereas a negative score
indicates that the person’s condition has worsened.

The mean GRC questionnaire score of the successful
group in our study was 3.6, which suggested to us that
those participants experienced minimum to moderate
improvement in their overall condition. In contrast,
there was no apparent global self-perceived change in
the participants in the unsuccessful group (mean
score�1.3). There was a difference between the success-
ful and unsuccessful groups (P�.0001).

Research has shown that the use of foot orthoses can be
an effective intervention for people with PFPS.18,20,56

After a retrospective study of clinical records, Clement56

reported that most patients with PFPS who were treated
with an off-the-shelf or customized orthosis responded
favorably within 2 to 6 weeks and then were able to
resume running without further injury. Again, Eng and
Pierrynowski18 reported a 37.5% improvement in VAS
scores for subjects who used a customized insole com-
bined with an exercise program over the course of 8
weeks. In contrast, the successful group in our study
showed a mean improvement in VAS scores of 72.2%
(SD�14.5%) after 3 weeks of orthosis use and activity
modification. Given that the mean symptom duration
for participants in our study was more than 3 years, we
are encouraged by these results, and believe that our
data indicate the need for a randomized clinical trial
comparing the interventions we studied with other com-
monly used approaches.

Limitations

Interrater reliability. In addition to identifying the char-
acteristics of those participants who responded best to
off-the-shelf orthoses and modified activity, we also
examined the interrater reliability of the measurements
obtained in our study. No data were previously available
on the quality of these measurements in a sample of
patients with PFPS. The generally low interrater reliabil-
ity values for our measurements pose a threat to the
internal validity of our investigation and may limit the
interpretation and application of the clinical prediction
rule.

Our ICC of .51 for the navicular drop measurement is
similar to the interrater reliability of .57 for the same
measurement reported by Picciano et al,32 but compares
less favorably with the value of .73 reported by Sell and
colleagues.57 Additionally, our ICC of .25 for the mea-
surement of forefoot–to–rear-foot alignment is much
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lower than the values of .58 to .92 reported in previous
studies.46,58 The higher reliability values reported in the
earlier studies46,58 may be due to the fact that each
examiner performed multiple measurements. That is,
taking a mean value of multiple measurements may
provide a more reliable measurement than a single
value.35,38 We chose to obtain each measurement just
once because we believe this is most representative of
what is done in clinical practice. We were unable to find
articles describing investigations of interrater reliability
for measurements of great toe extension.

We believe that a more clinically meaningful way to
examine the reliability data for our study is to interpret
the data within the context of its intended use.59 We
believe it is more useful to determine how often the
raters agreed for each predictor with regard to the cutoff
score. For instance, how often did the raters agree that a
participant had a navicular drop test score greater than
or less than the cutoff score of 3 mm? The percentages
of agreement between the raters with regard to the
cutoff score were 75% for great toe extension, 73% for
forefoot alignment, and 70% for the navicular drop test.
Cohen kappa coefficients (�) were calculated to deter-
mine the chance-corrected agreement between raters
for each predictor: great toe extension, ��.17; forefoot
alignment, ��.04; and navicular drop test, ��.43.

Lack of independence of data. A second limitation of
our study was the fact that a majority of our data were
taken from people with bilateral knee pain. Because
prescriptive validity coefficients were computed using 78
knees from 45 subjects, our results were potentially
biased due to a lack of independence of data. In order to
examine this issue, we compared VAS pain scores
between subjects with unilateral PFPS and those with
bilateral pain. Descriptive statistics were calculated for
the VAS change scores of the 12 subjects with unilateral
knee pain and compared with the VAS change scores of
12 randomly selected subjects with bilateral pain. The
mean VAS change score in the subjects with unilateral
pain was 52.6% (SD�58.9%), and the mean VAS change
score in the subjects with bilateral pain was 52.0%
(SD�36.2%). The correlation between the 2 groups was
r �.65 (P�.05).38 These results suggest to us that the
subjects with bilateral knee pain responded similarly to
those with unilateral knee pain. The internal validity of
data from future studies of PFPS would be strengthened
by including only subjects with unilateral knee pain.

Future Research
Clinical prediction rules are clinical tools that quantify
the contribution that elements of the history and physi-
cal examination make toward a diagnosis, prognosis, or
likely response to intervention.23 A 3-step process for the
development and testing of a clinical prediction rule has

been recommended.23 In our line of inquiry, the first
step was to develop a clinical prediction rule, which
could be used to identify individuals with PFPS who
respond favorably to an initial episode of care using an
off-the-shelf orthosis and modified activity. In our study,
we identified variables that could be used in a clinical
prediction rule for identifying people with PFPS who are
likely to respond favorably to an orthosis and instruction
in activity modification. The second step is validation.
Validation of the clinical prediction rule should be a
goal in a future RCT in which the effectiveness of
off-the-shelf orthoses can be compared with that of
customized orthoses (or a placebo) in individuals with
PFPS who have been identified using the predictors we
found. The use of these predictors as inclusion criteria
could strengthen the power of the RCT by identifying
those patients who are most likely to benefit from the use
of orthoses. The third step is to assess the impact of the
rule on clinical success. Ultimately, any clinical predic-
tion rule must be shown to improve outcomes and
clinical decision making before it can be advocated for
widespread use.23,60

Conclusion
To our knowledge, our study was the first investigation to
describe the characteristics of patients with PFPS who
responded favorably to a specific intervention. Our
results suggest that patients with forefoot valgus align-
ment (�2° of valgus), limited passive extension of the
first MTP joint (�78°), or minimal motion on the
navicular drop test (�3 mm) will respond more favor-
ably to intervention with an unmodified, off-the-shelf
orthotic insert and modified activity. Based on the
results of this exploratory study, we suggest that clini-
cians consider prescribing off-the-shelf foot orthoses
combined with a modified physical training regimen as
an intervention strategy for patients with long-standing
PFPS who have one or more of the characteristics
identified in this study. However, validation of the pro-
posed clinical prediction rule is still needed and should
be the goal of a future RCT in which the effectiveness of
off-the-shelf foot orthoses is compared with that of
customized orthoses (or a placebo) in patients who have
been identified using the predictors we found.
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Appendix 1.
Questions Used to Obtain Information During the History-Taking
Session

What is your age?
How long have you had knee pain?
Is your pain in one or both knees?
Have you had problems with your knee(s) before?
Do you have knee stiffness with prolonged sitting?
Do you experience knee locking?
Do you experience clicking of your knee(s)?
Do you experience knee giving way?
Do you experience swelling of your knee(s)?
Do you experience crepitus (crackling) in your knees?
Does your knee pain affect your ability to . . .

walk?
go upstairs?
go downstairs?
stand?
kneel on the front of your knee?
squat?
sit with your knee bent?
rise from a chair?

Appendix 2.
Global Rating of Change Questionnaire

Compared with your condition prior to treatment, which item on
the scale below best describes your present condition (choose
only one):

Patient Global Rating Scale
� A very great deal worse
� A great deal worse
� Quite a bit worse
� Moderately worse
� Somewhat worse
� A little bit worse
� A tiny bit worse (almost the same)
� About the same
� A tiny bit better (almost the same)
� A little bit better
� Somewhat better
� Moderately better
� Quite a bit better
� A great deal better
� A very great deal better
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