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Study Design: Predictive validity/diagnostic test study.

Objective: To determine the predictive validity and interrater reliability of selected clinical exam
items and to develop a clinical prediction rule (CPR) to determine which patients respond
successfully to patellar taping.

Background: Patellar taping is often used to treat patients with PFPS. However, the characteristics
of the patients who respond best to patellar taping intervention have not been identified.
Methods and Measures: Fifty volunteers (27 males, 23 females) with PFPS underwent a
standardized clinical examination. Diagnosis of PFPS was based on the complaint of retropatellar
pain that was provoked by a partial squat or stair ascent/descent. Subjects performed 3 functional
activities and rated their pain during each activity on a numerical rating scale (NPRS). All subjects
received treatment with a medial glide patellar-taping technique and repeated the functional
activities and pain ratings. An immediate 50% reduction in pain or moderate improvement on a
global rating of change (GRC) questionnaire was considered a treatment success. Likelihood ratios
(LRs) were calculated to determine which examination items were most predictive of treatment
outcome. Logistic regression analysis identified items included in the CPR.

Results: Twenty-six subjects (52%) had an immediate successful response to the intervention. Two
examination items (positive patellar tilt test or tibial varum greater than 5°, +LR = 4.4) comprised
the CPR. Application of the CPR improved the probability of a successful outcome from 52% to
83%. Fifty-eight percent of the lower extremity measures were associated with moderate to good
reliability (reliability coefficient range, 0.52-0.84). The reliability coefficients for the items that
comprised the CPR were 0.49 (patellar tilt) and 0.66 (tibial varum).
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Conclusion: A CPR was developed to predict
an immediate successful response to a medial
glide patellar taping technique. Validation of
the CPR in an independent sample is necessary
before widespread clinical use can be recom-
mended. J Orthop Sports Phys Ther 2006;
36(11):854-866. doi:10.2519/jospt.2006.2208
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atellofemoral pain syn-

drome (PFPS) is a sig-

nificant clinical pro-

blem and the most

prevalent knee disorder
seen in many physical therapy and
orthopedic clinics.?*?*?* Despite
its prevalence, the etiology of the
disorder remains unclear,?**246-47-
53585962 The most widely accepted
theory for the etiology of PFPS
suggests that it results from abnor-
mal patellar tracking.®**%16:47-
58,59,62 Alternatively, Dye and col-
leagues'? suggested that the onset
of PFPS may be due to a complex
pathophysiologic process that in-
cludes peripatellar synovitis, in-
creased intraosseous pressure and
remodeling.
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Because of the multifactorial nature of PFPS, nu-
merous intervention strategies have been proposed
for the disorder. One technique that has gained
acceptance as an effective component of treatment
for anterior knee pain is patellar taping.***%” Austra-
lian physical therapist Jenny McConnell developed
patellar taping and reported a 96% success rate using
taping as a component of a treatment regimen for
PFPS.** The approach is based largely on the premise
that patellar malalignment and a poorly tracking
patella can lead to patellofemoral pain.*> The aim of
patellar taping is to create a mechanical shift of the
patella, thereby purportedly centering the patella
within the trochlear groove and improving patellar
tracking.”

Since McConnell’s landmark paper,* several clin-
ical trials demonstrated that patellar taping can be an
effective part of an intervention plan for reducing
pain and improving function in patients with PFPS,
but effect sizes vary.?®4%6%57 While evidence suggests
that taping can be effective, no published study has
identified specific clinical examination variables that
are predictive of which patients with the condition
will respond successfully to patellar taping. Identifica-
tion of these variables would provide clinicians with a
useful clinical decision-making tool and may help
increase the efficacy of the technique. Furthermore,
development of a clinical prediction rule (CPR) to
identify patients likely to succeed with patellar taping
would both enhance clinical decision making, reduce
treatment time, and result in optimum outcomes.”®**

Therefore, the purpose of our study was 2-fold: (1)
to determine the interrater reliability and predictive
validity of selected clinical examination items for
identifying patients who would respond to patellar
taping, and (2) to develop a CPR derived from the
clinical examination findings that would incorporate
the fewest clinical variables and provide the most
certain outcome. To do so, all subjects needed to
undergo the same tests and measures, receive identi-
cal treatment, and be compared against the same
reference standard (ie, response to treatment).** The
diagnostic value of each test, measure and historical
question was calculated to determine the characteris-
tics of the subjects who responded best to the
intervention. Thus, the research design employed in
this investigation was one traditionally used in CPR or
diagnostic accuracy studies.®!”

METHODS

Subjects

Fifty subjects were recruited from the active duty
and beneficiary population at Fort Sam Houston in
San Antonio, TX. Twenty-seven males and 23 females
between the ages of 18 and 36 years (mean * SD,
22.8 + 4.2 years) were enrolled, and all subjects

completed the study. Subjects were included if they
were military healthcare beneficiaries between the
ages of 18 and 50 and had a clinical diagnosis of
PFPS. Because the predominant symptom of PFPS is
retropatellar pain that increases during weight-
bearing activities such as running, squatting, and stair
Climbing,m’%’43 the diagnosis of PFPS was determined
by the complaint of retropatellar pain that was
provoked by either a partial squat or stair ascent/
descent.'"*>**% Exclusion criteria included an ab-
normal neurological status, a recent history of trauma
to the knee, ligamentous laxity of the painful knee,
palpation tenderness of the joint lines or patellar
tendon, or a history of any of the following: prior
knee surgery on the symptomatic knee, systemic
disease, neurologic disease, or connective tissue dis-
ease. Subjects who reported additional lower extrem-
ity conditions, such as stress fractures or shin splints,
or those already receiving treatment for their knee
pain were also excluded. All subjects were required to
be fluent in the English language. Informed consent
was obtained from each subject prior to participation
and the rights of each subject were protected. This
study was approved by the Institutional Review Board
of Brooke Army Medical Center, Fort Sam Houston,
San Antonio, TX.

Instrumentation

Numeric Pain Rating Scale The numeric pain rating
scale (NPRS) is a self-reported measure that estab-
lished pain levels after the subject performed each
functional test. The NPRS is an 1l-point scale that
ranges from 0 (no pain) to 10 (worst imaginable
pain). This type of scale has been shown to be a
reliable, generalizable, and internally consistent meas-
ure of clinical and experimental pain sensation inten-
sity.”>% After performing each of the 3 functional
tests, subjects were instructed to circle the number on
the NPRS that best represented their knee pain. A
mean NPRS score (average score from the 3 func-
tional tests) was established for each subject and used
for data analysis.

Global Rating of Change Questionnaire The GRC scale
is a single-item, self-reported measure used to meas-
ure the subject’s impression of the change in his or
her condition following an intervention. A GRC
questionnaire measures the overall changes in the
quality of life of the subject.”® The use of a GRC is a
common, feasible, and useful method for assessing
outcome,” and has been shown to be a valid
measurement of change in patient status in other
pain populations.’® For the GRC the subjects were
instructed to check the statement that best repre-
sented their status in response to the patellar taping
intervention (Appendix A).
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Examination Items

A list of all clinical tests and measures performed
on each subject, along with their operational defini-
tions and measurement properties, is shown in Ap-
pendix B. The symptomatic knee was considered the
unit of analysis. All measurements were taken on the
side of the symptomatic knee and all angular mea-
surements were taken with a 17.8-cm (7-in) plastic
goniometer.

Procedures

Following the history (demographic data, duration
of current symptoms, time since previous episode,
history of knee locking or giving way, clicking,
swelling, or crepitus; see Appendix C) and a lower
extremity neurological screening, the subject was
instructed to remove his or her shoes and socks and

& i

FIGURE 1. Application of patellar tape using the medial glide
technique. The examiner displaced the subject’s patella medially
with her thumb and a single piece of tape was applied to maintain
the patella in position. The arrow indicates the direction of pull of
the tape.

Medial

Lateral

FIGURE 2. Patellar tape (medial glide technique) applied to sub-
ject's knee.
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lie prone on the examining table. The symptomatic
leg was extended so that the ipsilateral foot hung off
the end of the table and the contralateral knee was
flexed to 90° with the hip externally rotated (figure-4
position as described by Donatelli''). Pen marks were
made on the following anatomical landmarks of each
subject’s lower leg and foot for measurement pur-
poses: the calcaneus and Achilles tendon on the same
side of the symptomatic knee was bisected with a
marker, and the navicular tuberosity was marked with
a dot. The battery of clinical measurements then
commenced, as listed in Appendix B, on the side of
the symptomatic knee only. To prevent order effects
as well as expedite the examination process, the first
examination item was alternated sequentially. The
series of tests and measures were repeated by a
second examiner on the first 30 subjects prior to the
functional testing to assess the interrater reliability of
the measurements. An assistant recorded all measure-
ments that were taken by both the first and second
examiners.

After the clinical measurements were obtained, 3
functional activities (stepping up onto a 20-cm step,
stepping down from a 20-cm step, and squatting)
were performed by each subject. After each func-
tional test, the subject immediately assessed his or her
knee pain during the activity and circled the number
that represented their pain on the NPRS. During the
squat test, the angle of knee flexion at which the
subject first experienced pain was measured with a
plastic goniometer and recorded. By doing this, the
subject was able to assess the pain experienced when
he or she squatted to the same angle after the
patellar tape was applied. After the first set of
functional tests was performed, the subject returned
to the examining table to the supine position, with
legs extended and relaxed. The second examiner
applied the patellar tape using a medial glide compo-
nent as described by McConnell (Figures 1 and 2).
The examiner displaced the subject’s patella medially
with her thumb and a single piece of tape was
applied to maintain the patella in position. Several
authors report that an excessive lateral tilt'®!'?**%% or
displacement'®**%® of the patella, with an associated
tight lateral retinaculum, can provoke the symptoms
of PFPS. We therefore chose to use the medial glide
technique based on the assumption that lateral track-
ing of the patella is a common etiology for
PFPS,'®194368 and that centering of the patella
within the trochlea would be accomplished best by
utilizing a correction that shifts the patella in a
medial direction.”*® The subject then repeated each
functional test with the patellar tape on and again
recorded the pain experienced during each activity
on the NPRS. The subject concluded the examination
by assessing the overall change in his or her condi-
tion on the GRC.
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Data Analysis

All statistical analyses were performed using SPSS
software, Version 10.1 (SPSS Inc, Chicago, IL). Inter-
rater reliability coefficients of the physical examina-
tion measurements were calculated using Cohen’s
kappa coefficients for dichotomous data and
intraclass correlation coefficients (ICCy;) for con-
tinuous variables.

For the predictive validity portion of the study,
each subject was first classified as either a treatment
success or nonsuccess. The reference criterion used
to define treatment success was either a 50% im-
provement on the mean NPRS or a score of +4 or
higher on the GRC. Advocates of patellar taping state
that taping should decrease the patient’s pain by at
least 50% during the performance of a provocative
task.” Furthermore, it has been proposed that a 30%
change on a NPRS represents a clinically meaningful
reduction in pain in subjects with a variety of
disorders.'* Juniper et al*® proposed that changes of
at least 4 on the GRC indicate a moderate change in
the person’s condition. Therefore, we felt that a 50%
threshold on the NPRS, or score of +4 or greater on
the GRC, was sufficiently high to identify individuals
who responded to the intervention.

After dichotomizing the subjects into 2 outcome
groups, each element of the history and physical
examination was then analyzed to determine if it was
a predictor of treatment success. Sensitivity (Sn),
specificity (Sp), and likelihood ratios (LRs) were
calculated for each variable. Sensitivity of a test
reflects the true positive rate, and specificity of a test
is the true negative rate.”® To calculate the Sn and Sp
for each clinical measurement item, 2 x 2 contin-
gency tables were used. When a zero cell value was
encountered, 0.5 was added to all cell values in the
table to permit calculation of LRs and their 95%
confidence intervals (CI). Continuous variables were
dichotomized using a receiver operator characteristic
(ROC) curve.’® We defined the cut-off of a positive
test to be the point on the curve nearest the upper
left-hand corner that maximized the area under the
curve, representing the value with the best diagnostic
accuracy.”®

Positive likelihood ratios (+LR), negative likelihood
ratios (-LR), and their associated 95% Cls were also
computed for all clinical measurement items. Likeli-
hood ratios were calculated as: +LR = Sn/(1 - Sp)
and -LR = (1 - Sn)/Sp. Likelihood ratios are
convenient summary measures of diagnostic test per-
formance that indicate how much a given diagnostic
test will raise or lower the pretest probability of the
target disorder of interest.”” A high +LR would be
indicative of a more favorable response to patellar
tape whereas a lower —LR would be indicative of a
less favorable response to patellar tape. According to
the User’s Guide to Medical Literature®* a +LR greater

than 10 or a -LR less than 0.1 generates large and
often conclusive changes from pretest to posttest
probability. LRs of 5 to 10 and 0.1 to 0.2 generate
moderate shifts in pretest to posttest probability. LRs
of 2 to 5 and 0.5 to 0.2 generate small, though
sometimes important, changes in probability, and LRs
of 1 to 2 and 0.5 to 1 alter probability to a small, and
rarely important, degree. In our study, we considered
+LR greater than or equal to 2.0 and a —-LR less than
or equal to 0.5 to be clinically meaningful.**2

A binary logistic regression model was used to
develop a CPR for predicting treatment success with
the patellar taping intervention.”® A forward stepwise
selection procedure was used to enter the variables of
those who were in the treatment success group only.
A liberal P value of 0.15 was chosen to prevent
potentially useful variables from being excluded from
the model."® The Hosmer-Lemeshow (HL) summary
goodness-of-fit statistic was used to assess fit of the
model to the data and to test the hypothesis that the
model fits the data. Higher P values indicated a
better fit.?” Clinical measurement items selected by
the regression model as predictors of treatment
success were combined into a clinical cluster for the
CPR and were treated as a single test item. The Sn,
Sp, and LRs for the CPR were calculated as previously
described for other dichotomous variables (Table 4).

RESULTS

Descriptive statistics and baseline clinical character-
istics of continuous variables for all subjects are
shown in Table 1. Interrater reliability data were
collected on the first 30 subjects. The values for the
reliability coefficients (ICCy ;) for the continuous
measurements ranged from an ICC of 0.01 to 0.84.
The Cohen kappa coefficient values for the categori-
cal variables ranged from 0.29 to 0.81. Eleven of the
19 (58%) lower extremity measurements had moder-
ate to good reliability based on a threshold of 0.40 or
more for Kappa values and at least 0.50 for 1CCs.**>*
The ICCs and kappa coefficients for the clinical
measurement items are listed in Table 2 along with
associated standard error of measurement (SEMs).

Twenty-six of the 50 subjects (52%) were consid-
ered to have successful interventions based on a 50%
improvement on the final composite NPRS or a score
of at least +4 on the GRC. Twenty of the subjects
were considered intervention successes based on just
the NPRS score and 19 were considered successes
based on the GRC score alone. Fourteen subjects met
the criteria for success on both the NPRS and the
GRC. The mean NPRS score for each group (success,
nonsuccess), at baseline and after taping, is depicted
in Figure 3. The mean percent improvement for all
subjects in our study was 41.6% = 36.2%. The mean
improvement in the success group was 63.5% =
24.0%, while in the nonsuccess group, the mean
improvement was 30.6% = 22.4%. Each subject also
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TABLE 1. Subject characteristics (n = 50). All values expressed as mean + SD.

Successful Unsuccessful
Characteristic All Subjects Group/ Group

Age (y) 22.8 £ 4.2 21.7 £ 3.8 239 £ 44
Duration of symptoms (d) 754 +123.8 67.2 £ 1123 84.3 £ 136.9
Rearfoot in subtalar joint neutral position (°)* 28+79 2.8 +85 27 +73
Forefoot alignment (°)* 3.8+6.8 48 6.9 2.7 6.6
Ankle dorsiflexion/knee extended (°) 10.3 + 6.1 9.6 + 5.6 11.0 £ 6.6
Ankle dorsiflexion/knee flexed (°) 18.6 = 15.5 20.7 + 20.7 16.3 £ 6.0
Tibial torsion (°) 226 £7.2 23.8 £6.9 21374
Craig test ()" 7.2 +10.6 7.9 £ 20.5 6.4 +9.7
Relaxed calcaneal stance (°)* 0.0 + 8.7 1.8 +£9.2 -2.0=x77
Tibial varus/valgus (°)* 1.6 5.2 25+5.8 0.7 4.5
Navicular drop test (mm) 5.4+ 3.4 5.4 +3.6 53 +3.2
Q-angle (°) 154 £ 5.8 15.8 £ 5.4 15.1 £ 6.3
Great toe extension (°) 76.7 = 21.1 76.2 = 20.5 77.2 £22.2
Pelvic obliquity (mm)® 50+ 6.4 54 +7.8 4.6 + 4.5

* Value shown is degree of varus; negative value would indicate valgus.

" Value shown is amount of anteversion; negative value would indicate retroversion.

*Value shown is degree of valgus; negative value would indicate varus.
S Measured using the palpation meter.

I'Success defined as an immediate 50% pain reduction or moderate improvement on the global rating of change scale.

TABLE 2. Interrater reliability values of clinical examination
items.

Test/Measure Kappa ICC,; SEM
McConnell test 0.81

Patellar glide 0.73

Hamstring 90/90 test 0.64

Ober test 0.54

Patellar tilt 0.49

Thomas test 0.44

Patellar orientation 0.29

Ankle dorsiflexion/knee extended 0.84 3°
Great toe extension 0.71  13°
Tibial angulation 0.66  3°
Relaxed calcaneal stance 0.61 5°
Q-angle 052 4°
Craig test 047 7°
Tibial torsion 0.42 5°
Pelvic obliquity 0.34 6 mm
Navicular drop 030 3 mm
Forefoot alignment 026  6°
Rearfoot in subtalar joint neutral 026  6°
Ankle dorsiflexion/knee flexed 0.01 18°

completed the GRC questionnaire. The mean GRC
for all subjects was 2.4 = 2.6 (range, —2 to 6). The
mean score on the GRC for subjects in the success
group was 4.0 = 1.7 (range, -2 to 6), while the mean
score for the nonsuccess group was 0.4 * 1.8 (range,
-4 to 2).

Based on the univariate analysis, 4 characteristics
were identified as predictors of intervention outcome
based on their LRs. The Sn, Sp, LRs, and cutoff
scores for the predictors are shown in Table 3. Of
these 4 clinical predictors, 2 were identified by the
logistic regression analysis to form a CPR for inter-
vention success. The predictive validity of the vari-
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ables that comprised the CPR were further examined
under 2 separate conditions: (1) if both of the
variables were positive for intervention success, and
(2) if just 1 (either) of the variables was positive for
intervention success. The largest +LR was associated
with the condition if just 1 (either of the tests) was
positive for success (Table 4).

DISCUSSION

PFPS is a complex and significant clinical problem.
Although the etiology of the syndrome remains
unclear, most investigators and clinicians concur that
there are subgroups of patients with different features
that may contribute to the development of the
disorder.” Similarly, it is likely that there are sub-
groups of patients with distinct characteristics that
will respond best to specific interventions.®!

The aim of this study was to identify the character-
istics of patients with PFPS that were predictive of an
immediate successful response to patellar taping with
a medial glide component. The clinical utility of any
examination item is determined largely by the accu-
racy with which it identifies the presence of the target
condition,” and the accuracy measure that is most
helpful for determining that a target condition is
present is the positive LR. Jaeschke and colleagues®
proposed that +LRs greater than or equal to 2.0 and
—LRs less than or equal to 0.5 can generate clinically
meaningful changes from pretest to posttest probabil-
ity for a given diagnosis. Based on these guidelines, 4
subject characteristics in our study were associated
with clinically meaningful LRs: tibial angulation (+LR
= 2.1, 95% CI 1.3-3.5; -LR = 0.30, 95% CI
0.11-0.87), ankle dorsiflexion measured with the knee
flexed (+LR = 2.1, 95% CI = 0.19-23.70), patellar tilt
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FIGURE 3. Initial and final mean numeric pain rating scale scores
for the successful and nonsuccess groups. The mean improvement
in the success group was 63.5% = 24.0%, while in the nonsuccess
group, the mean improvement was 30.6% =+ 22.4%.

(-LR = 0.24, 95% CI = 0.02-3.30), and relaxed
calcaneal stance (-LR = 0.50, 95% CI = 0.24-1.0). The
LRs for the individual variables in this study were
associated with wide CIs and the lower limits for 3 of
the characteristics crossed 1.0, which may limit the
precision of our findings. The number of subjects
who met the cut scores for each of these predictors
of treatment success was 15 for tibial angulation, 29
for ankle dorsiflexion, 17 for patellar tlt, and 22 for
relaxed calcaneal stance.

Application of the CPR

A CPR is, by definition, an optimum number of
clinical examination items used for predicting a
diagnosis or prognosis. Two items were identified by
the logistic regression model to comprise this stage 1
CPR: the patellar tilt test and the measure of tibial
angulation. Specifically, the CPR consisted of a posi-
tive patellar tilt test or tibial varum greater than 5°,
and resulted in a +LR of 4.4 (95% CI = 1.3-12.3) and
a -LR of 0.53 (0.38-0.86) (Table 4). In contrast to the
CIs for the individual predictors, it is important to
note that the CIs for the CPR were narrower and did
not cross 1.0. The CPR in this study represents a level

IV CPR and requires validation in a separate sample
before it can be implemented on a broad basis.**

Fagan]3 developed a nomogram (Figure 4) to
facilitate the use of LRs and to provide clinicians with
a tool for determining the probability that a condi-
tion is present given the results of a diagnostic test.
In our study, 52% (26/50) of the subjects were
considered to have intervention success immediately
after the application of the patellar tape. Therefore,
the pretest probability of success with the interven-
tion used for the subjects in our study was 52%, as
shown in the first column of Figure 4. The second
column of the nomogram represents the +LR (4.4)
for the CPR, and the third column of the nomogram
shows the change in the probability of intervention
success after applying the LRs to the pretest probabil-
ity. As shown in the figure, the probability of inter-
vention success improved substantially after
application of the CPR. Given a positive response to
either of the 2 items that comprised the CPR, the
posttest probability for intervention success improved
to 83%. Consequently, if a patient with PFPS has
either a positive patellar tilt test or tibial varum
greater than 5°, there is an 83% probability of
achieving a 50% or greater reduction in pain or
moderate improvement on the GRC immediately
following application of a medial glide patellar taping
technique.

The argument can be made that it may be more
practical to simply try the taping technique and see if
the patient responds to the intervention, rather than
determining if the patient fits the CPR. However,
given the numerous treatment strategies that have
been proposed for the management of PFPS, it seems
impractical to use a trial-and-error approach for every
possible intervention. The goal of developing, and
ultimately validating, CPRs such as the one in this
study is to provide the clinician with the ability to
predict a priori which patients will respond favorably
to a specific intervention, thereby improving the
efficiency of the examination and intervention pro-
cess.

It is important to note that we developed the CPR
based only on the subjects’ immediate response to
the intervention, and that we employed just one
aspect of patellar taping. Although McConnell states

TABLE 3. Sensitivity, specificity, likelihood ratios (LR), and successful* cutoff scores for the predictors of intervention success (95% con-

fidence intervals shown in parentheses).

Predictor of Success Sensitivity Specificity +LR -LR Cutoff Score
Tibial angulation 0.81 (0.62-1.00)  0.62 (0.45-0.78) 2.1 (1.3-3.5) 0.30 (0.11-0.87) >5° varus
Ankle dorsiflexion with knee 0.53 (0.39-0.67)  0.75(0.15-1.35) 2.1 (0.19-23.7) 0.63 (0.27-1.5) =15°
flexed
Patellar tilt 0.88 (0.77-1.00)  0.51 (0.37-0.65) 1.8 (1.1-2.9) 0.24 (0.02-3.3) Tilt above the
horizontal plane
Relaxed calcaneal stance 0.70 (0.50-0.90)  0.60 (0.42-0.78) 1.8 (1.0-3.0) 0.50 (0.24-1.0) >4° varus

*Success defined as an immediate 50% pain reduction or moderate improvement on the Global Rating of Change scale.
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TABLE 4. Validity indices (Sn, Sp, LRs) for the clinical prediction
rule (CPR). The 2 items that comprised the CPR were the patel-
lar tilt test and tibial angulation measure. If either item was a
positive predictor of treatment success, then the CPR applies
with the values shown below. Success defined as an immediate
50% pain reduction or moderate improvement on the Global
Rating of Change Scale (95% confidence intervals in parenthe-
ses).

Validity Index Value (Mean [Range])
Sensitivity 0.53 (0.31-0.69)
Specificity 0.88 (0.74-1.00)
+LR 4.4 (1.3-12.3)

LR 0.53 (0.38-0.86)

that tilt, glide, and rotation components must be
corrected prior to initiating an exercise regimen with
patellar taping,43 the development of the current
CPR is a reasonable initial foray into identifying the
characteristics of patients with PFPS who are most
likely to experience symptomatic improvement imme-
diately following a specific taping technique. Because
our study was not a randomized clinical trial, we were
unable to determine whether the subjects’ response
was due solely to the intervention. We used our study
design as a first step in determining which patients
might respond best to a specific taping technique.
Validation of the proposed CPR is the goal of a
future randomized trial.

Additionally, it is important to note that the CPR
developed in this study was based on establishing the
predictive validity of a limited number of examina-
tion variables. It is certainly possible that the predic-
tor variables that emerged in this developmental
study may have occurred by chance. We recognize
that the clinical examination we performed was not
fully comprehensive, and did not include some items
that may have emerged as predictors of intervention
success. We chose the clinical examination items used
in this study because we believe they (1) are routinely
obtained from patients with knee pain, (2) measures
that guide clinical decision making for patellar taping
intervention (ie, patellar glide, patellar orientation,
patellar tilt), and/or (3) allowed for comparison of
the results of the present study with our previous
work.?!

Predictors of Intervention Success

One of the key predictors of treatment success in
our study was the patellar tilt test. The patellar tilt
test was originally described as a convenient clinical
measure to determine if a patient has a tight lateral
retinaculum.’>% Kolowich et al*®> proposed that an
excessively tight lateral retinaculum is identified by
the inability of the examiner to lift the lateral border
of the patella above the true horizontal plane (with
the patient supine and relaxed and knee in full
extension). If the lateral border of the patella can be
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FIGURE 4. Nomogram showing the pretest probability of interven-
tion success using patellar taping (52%), and the improved posttest
probability (83%) for intervention success after applying the clinical
prediction rule.

tilted above the horizontal plane, the test is consid-
ered positive (ie, positive angle with respect to the
horizontal).*® Our findings indicate that it was sub-
jects with a positive patellar tilt test that responded
favorably to medial glide taping. Presumably, indi-
viduals with a positive patellar tilt have a flexible
lateral retinaculum. While a positive test does not
necessarily imply that the individual has a
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hypermobile patella, it is interesting to relate our
finding with that of Witvrouw and colleagues,”” who
reported in their prospective study that a
hypermobile patella was 1 of 4 intrinsic risk factors
that played a dominant role in the genesis of anterior
knee pain.

In addition, we found that individuals with a tibial
angulation more than 5° of varum responded favor-
ably to the patellar taping intervention. Ten of the
subjects in the current study had a measure of tibial
varum of over 5°, and 8 of them were considered
intervention successes. In studies of healthy popula-
tions without known impairments or pathology, the
mean values of tibial angulation range from 6° to 8°
of varum.!*** In contrast, the mean value for tibial
angulation in the current study of patients with
symptomatic PFPS was approximately 2° varum. The
measure of tibial angulation was associated with both
a clinically meaningful +LR and a quite small and
clinically meaningful negative likelihood ratio (-LR =
0.30, 95% CI = 0.11-0.87). Based on this finding, -LR
may have actually been the most powerful property of
this variable as a component of the CPR. For ex-
ample, using the nomogram, application of the —-LR
for the tibial varum measure alone would decrease
the posttest probability of treatment success from
52% to 18%. Clinically, therefore, it may be more
useful to consider that an examination finding of
tibial varum less than or equal to 5°, including tibial
valgum, will decrease the probability of a successful
response to patellar taping with a medial glide
component.

Possible Mechanisms for Pain Reduction

The results of previous investigations purport that
patellar taping leads to pain reduction in 1 of 2
probable ways: (1) via mechanical realignment of the
patella®°7% or (2) by providing cutaneous sensory
input and improved kinesthetic awareness.”*" The
evidence for patellar taping causing a realignment of
the patella is controversial. Several investigations have
demonstrated an unchanged patellar position follow-
ing taping in symptomatic patients using a variety of
imaging techniques.>”?*5%7! Other studies have
shown a medial displacement of the patella after
taping, but the realignment was temporary.37’57’60
Several researchers suggest that the clinical benefits
of patellar taping are not due to a change in patellar
position, but rather due to the effects of cutaneous
stimulation.*”*1%% Proponents of this theory believe
that cutaneous input from the taping leads to an
analgesic effect by increasing activity of the vastus
medialis oblique muscle,7’40 pain modulation via the
gating mechanism,>” and/or improved propriocep-
tion and kinesthetic awareness of the patellofemoral
joint.* In their recent study of the effects of 4
different taping methods (medial, lateral, neutral, or
untaped), Wilson et al® reported that the greatest

reduction in pain was seen in the neutral and lateral
groups. The neutral group consisted of subjects who
simply had tape applied to the front of the knee
(neutral) without any attempt to alter patellar posi-
tion.

The findings of the current study raise questions
with regards to possible clinical effects and mecha-
nisms of action for patellar taping. The patellar tilt
test was a key predictor of intervention success.
Kolowich and colleagues®™ proposed that patients
with a negative patellar tilt test have an excessively
tight lateral retinaculum, and presumably a laterally
tracking patella. According to McConnell,* these
patients will respond well to taping with a medial
glide component, by stretching the tight lateral re-
straints and shifting the patella medially, centering it
within the femoral trochlea. However, the subjects in
our study who responded best to the medial glide
patellar-taping technique were those with a positive
patellar tilt, which would be associated with a supple
lateral retinaculum. Based on this finding and on the
recent evidence discussed in the preceding para-
graph, we believe that it is unlikely that the symptom
reduction seen in the responders in our study was
due to an alteration in patellar alignment. However,
we did not use any imaging techniques in our study
and therefore do not know if a change in patellar
position occurred following the taping procedure.

Interrater Reliability

In addition to identifying the characteristics of
those subjects who responded best to patellar taping,
we also examined the interrater reliability of the
measurements obtained in our study. Moderate (0.40
to 0.60 for kappas and 0.50 to 0.75 for ICCs) to good
(over 0.60 for kappas and over 0.75 for ICCs)
reliability36’52 was demonstrated in 11 (58%) of the
19 lower extremity measurements. With regard to the
variables that comprised the CPR, our ICC of 0.66 for
the measure of tibial angulation was slightly higher
than the value of 0.41 reported in 2 earlier stud-
ies.*>%% For the patellar tilt test, our kappa coefficient
value of 0.49 was also somewhat higher than the
range of values (0.20-0.35) reported in a previous
study.®” Perhaps a more clinically meaningful way to
examine the reliability data for this continuous vari-
able is to interpret the data within the context of its
intended use.®* For instance, how often did the raters
agree that a subject had a tibial angulation measure
greater than or less than or equal to the cutoff score
of 5° varum? The percentage of agreement between
the raters with regard to this cutoff score was 90%. A
Cohen kappa coefficient (k) was calculated to deter-
mine the chance-corrected agreement between raters
for this predictor (k = 0.71). Nevertheless, the inter-
rater reliability for some of the measures may pose a
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threat to the internal validity of our investigation and
ultimately limit the interpretation and application of
the CPR.

Future Research

A 3-step process for developing and testing a CPR
has been recommended.** The first step (the purpose
of the present study) was to develop a CPR that
would identify the characteristics of those individuals
who would respond immediately to patellar taping
with a medial glide component. The second step is
validation. These findings need to be validated in a
separate sample before the CPR can be used confi-
dently in the clinic.** The use of these predictors as
inclusion criteria for a future randomized -clinical
trial will strengthen the investigation by targeting the
sample to a classification of patients who are likely to
respond to patellar taping. The third step is an
assessment of the impact of the CPR on clinical
behavior. Ultimately, any CPR must be shown to
improve outcomes and clinical decision making be-
fore it can be advocated for widespread use.”®**

CONCLUSION

We identified the characteristics of patients with
PFPS who respond favorably to a specific patellar
taping technique and developed a CPR incorporating
those findings. Our results suggest that patients who
present with tibial varum over 5° or a positive patellar
tilt test will respond favorably immediately following
patellar taping with a medial glide. Based on the
results of this study, patients with PFPS who have 1 of
the 2 characteristics identified in the CPR may
benefit from patellar tape with a medial glide compo-
nent as an initial treatment strategy. Validation of the
proposed CPR should be the goal of a future
randomized clinical trial and is required before it can
be advocated for widespread use.

REFERENCES

1. Astrom M, Arvidson T. Alignment and joint motion in
the normal foot. J Orthop Sports Phys Ther.
1995;22:216-222.

2. Bockrath K, Wooden C, Worrell T, Ingersoll CD, Farr ).
Effects of patella taping on patella position and per-
ceived pain. Med Sci Sports Exerc. 1993;25:989-992.

3. Buell T, Green DR, Risser J. Measurement of the first
metatarsophalangeal joint range of motion. ] Am Podiatr
Med Assoc. 1988;78:439-448.

4. Callaghan MJ, Selfe J, Bagley PJ, Oldham JA. The Effects
of Patellar Taping on Knee Joint Proprioception. J Athl
Train. 2002;37:19-24.

5. Caylor D, Fites R, Worrell TW. The relationship be-
tween quadriceps angle and anterior knee pain syn-
drome. J Orthop Sports Phys Ther. 1993;17:11-16.

862

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. Childs JD, Cleland JA. Development and application of

clinical prediction rules to improve decision making in
physical therapist practice. Phys Ther. 2006;86:122-
131.

Christou EA. Patellar taping increases vastus medialis
oblique activity in the presence of patellofemoral pain.
J Electromyogr Kinesiol. 2004;14:495-504.

. Crossley K, Bennell K, Green S, Cowan S, McConnell J.

Physical therapy for patellofemoral pain: a randomized,
double-blinded, placebo-controlled trial. Am J Sports
Med. 2002;30:857-865.

Crossley K, Cowan SM, Bennell KL, McConnell J.
Patellar taping: is clinical success supported by scien-
tific evidence? Man Ther. 2000;5:142-150.

Crossley KM, Cowan SM, Bennell KL, McConnell .
Knee flexion during stair ambulation is altered in
individuals with patellofemoral pain. J Orthop Res.
2004;22:267-274.

Donatelli R. The Biomechanics of the Foot and Ankle.
Philadelphia, PA: FA Davis Company; 1996.

Dye SF, Vaupel G. The pathophysiology of patel-
lofemoral pain. Sports Med Arthrosc Rev. 1994;2:203-
210.

Fagan TJ. Letter: Nomogram for Bayes theorem. N Eng/
J Med. 1975;293:257.

Farrar JT, Young JP, Jr., LaMoreaux L, Werth JL, Poole
RM. Clinical importance of changes in chronic pain
intensity measured on an 11-point numerical pain rating
scale. Pain. 2001;94:149-158.

Freedman D. A note on screening regression equations.
Am Statistician. 1983;37:152-155.

Fritz JM, Irrgang JJ. A comparison of a modified
oswestry low back pain disability questionnaire and the
Quebec Back Pain Disability Scale. Phys Ther.
2001;81:776-788.

Fritz JM, Wainner RS. Examining diagnostic tests: an
evidence-based perspective. Phys Ther. 2001;81:1546-
1564.

Fulkerson JP. Awareness of the retinaculum in evaluat-
ing patellofemoral pain. Am J Sports Med. 1982;10:147-
149.

Fulkerson JP. Patellofemoral pain disorders: evaluation
and management. | Am Acad Orthop Surg. 1994;2:124-
132.

Fulkerson JP. Diagnosis and treatment of patients with
patellofemoral pain. Am J Sports Med. 2002;30:447-
456.

Fulkerson JP, Shea KP. Disorders of patellofemoral
alignment. J Bone Joint Surg Am. 1990;72:1424-1429.
Gigante A, Pasquinelli FM, Paladini P, Ulisse S, Greco
F. The effects of patellar taping on patellofemoral
incongruence. A computed tomography study. Am J
Sports Med. 2001;29:88-92.

Gross MT. Lower quarter screening for skeletal
malalignment--suggestions for orthotics and shoewear.
J Orthop Sports Phys Ther. 1995;21:389-405.

Guyatt GH, Rennie D. User’s Guides to the Medical
Literature: Essentials of Evidence-Based Clinical Prac-
ticed. Chicago, IL: American Medical Association;
2002.

Hagins M, Brown M, Cook C, et al. Intratester and
intertester reliability of the palpation meter (PALM) in
measuring pelvic position. | Man Manip Ther.
1993;6:130-136.

Holleman DR, Jr., Simel DL. Quantitative assessments
from the clinical examination. How should clinicians
integrate the numerous results? J Gen Intern Med.
1997;12:165-171.

Hosmer D, Lemeshow S. Applied Logistic Regression.
New York, NY: John Wiley; 1989.

J Orthop Sports Phys Ther ® Volume 36 ¢ Number 11 ® November 2006



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Insall J, Falvo KA, Wise DW. Chondromalacia patellae.
A prospective study. / Bone Joint Surg Am. 1976;58:1-8.
Jaeschke R, Guyatt GH, Sackett DL. Users’ guides to the
medical literature. lll. How to use an article about a
diagnostic test. B. What are the results and will they
help me in caring for my patients? The Evidence-Based
Medicine Working Group. JAMA. 1994;271:703-707.
Jaeschke R, Singer J, Guyatt GH. Measurement of health
status. Ascertaining the minimal clinically important
difference. Control Clin Trials. 1989;10:407-415.
Jonson SR, Gross MT. Intraexaminer reliability,
interexaminer reliability, and mean values for nine
lower extremity skeletal measures in healthy naval
midshipmen. J Orthop Sports Phys Ther. 1997;25:253-
263.

Juniper EF, Guyatt GH, Willan A, Griffith LE. Determin-
ing a minimal important change in a disease-specific
Quality of Life Questionnaire. J Clin Epidemiol.
1994,;47:81-87.

Kannus P, Aho H, Jarvinen M, Niittymaki S. Computer-
ized recording of visits to an outpatient sports clinic.
Am | Sports Med. 1987;15:79-85.

Kannus P, Niittymaki S. Which factors predict outcome
in the nonoperative treatment of patellofemoral pain
syndrome? A prospective follow-up study. Med Sci
Sports Exerc. 1994;26:289-296.

Kolowich PA, Paulos LE, Rosenberg TD, Farnsworth S.
Lateral release of the patella: indications and
contraindications. Am J Sports Med. 1990;18:359-365.
Landis JR, Koch GG. The measurement of observer
agreement for categorical data. Biometrics.
1977;33:159-174.

Larsen B, Andreasen E, Urfer A, Mickelson MR,
Newhouse KE. Patellar taping: a radiographic examina-
tion of the medial glide technique. Am J Sports Med.
1995;23:465-471.

Laupacis A, Sekar N, Stiell IG. Clinical prediction rules.
A review and suggested modifications of methodologi-
cal standards. JAMA. 1997;277:488-494.

Lohmann KN, Rayhel HE, Schneiderwind WP, Danoff
JV. Static measurement of tibia vara. Reliability and
effect of lower extremity position. Phys Ther.
1987;67:196-202.

Macgregor K, Gerlach S, Mellor R, Hodges PW. Cutane-
ous stimulation from patella tape causes a differential
increase in vasti muscle activity in people with patel-
lofemoral pain. / Orthop Res. 2005;23:351-358.

Magee DJ. Orthopedic Physical Assessment. Philadel-
phia, PA: W.B. Saunders Company; 1997.

Malek MM, Mangine RE. Patellofemoral pain syn-
dromes: a comprehensive and conservative approach.
J Orthop Sports Phys Ther. 1981;2:108-116.

McConnell JS. The management of chondromalacia
patellae: a long-term solution. Austr | Physiother.
1986;32:215-223.

McGinn TG, Guyatt GH, Wyer PC, Naylor CD, Stiell
IG, Richardson WS. Users’ guides to the medical
literature: XXIl: how to use articles about clinical
decision rules. Evidence-Based Medicine Working
Group. JAMA. 2000,;284:79-84.

McPoil TG, Cornwall MW. The relationship between
static lower extremity measurements and rearfoot mo-
tion during walking. J Orthop Sports Phys Ther.
1996,;24:309-314.

Messier SP, Davis SE, Curl WW, Lowery RB, Pack RJ.
Etiologic factors associated with patellofemoral pain in
runners. Med Sci Sports Exerc. 1991;23:1008-1015.
Natri A, Kannus P, Jarvinen M. Which factors predict
the long-term outcome in chronic patellofemoral pain

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

J Orthop Sports Phys Ther ® Volume 36 ¢ Number 11 ¢ November 2006

syndrome? A 7-yr prospective follow-up study. Med Sci
Sports Exerc. 1998;30:1572-1577.

Ng GY, Cheng JM. The effects of patellar taping on pain
and neuromuscular performance in subjects with patel-
lofemoral pain syndrome. Clin Rehabil. 2002;16:821-
827.

Petrone MR, Guinn J, Reddin A, Sutlive TG, Flynn TW,
Garber MP. The accuracy of the Palpation Meter
(PALM) for measuring pelvic crest height difference and
leg length discrepancy. J Orthop Sports Phys Ther.
2003;33:319-325.

Pfeiffer RP, DeBeliso M, Shea KG, Kelley L, Irmischer B,
Harris C. Kinematic MRI assessment of McConnell
taping before and after exercise. Am J Sports Med.
2004;32:621-628.

Picciano AM, Rowlands MS, Worrell T. Reliability of
open and closed kinetic chain subtalar joint neutral
positions and navicular drop test. J Orthop Sports Phys
Ther. 1993;18:553-558.

Portney L, Watkins M. Foundations of Clinical Re-
search: Applications to Practice. 2nd ed. Upper Saddle
River, NJ: Prentice Hall Health; 2000.

Powers CM. Rehabilitation of patellofemoral joint disor-
ders: a critical review. J Orthop Sports Phys Ther.
1998;28:345-354.

Powers CM, Heino JG, Rao S, Perry J. The influence of
patellofemoral pain on lower limb loading during gait.
Clin Biomech (Bristol, Avon). 1999;14:722-728.

Price DD, Bush FM, Long S, Harkins SW. A comparison
of pain measurement characteristics of mechanical
visual analogue and simple numerical rating scales.
Pain. 1994;56:217-226.

Price DD, McGrath P, Rafii A, Buckingham B. The
validation of visual analogue scales as ratio scale
measures for chronic and experimental pain. Pain.
1983;17:45-56.

Roberts JM. The effect of taping on patellofemoral
alignment: a radiological pilot study. Manipulative
Therapists Association of Australia Conference.
Adelaide, Australia: Manipulative Therapists Association
of Australia; 1989.

Salem L, Yaniv M, Amir H, Dekel S. The etiology of
anterior knee pain in infantry soldiers. J Bone Joint Surg
Am. 2001;83:292.

Salsich GB, Brechter JH, Farwell D, Powers CM. The
effects of patellar taping on knee kinetics, kinematics,
and vastus lateralis muscle activity during stair ambula-
tion in individuals with patellofemoral pain. J Orthop
Sports Phys Ther. 2002;32:3-10.

Somes S, Worrell TW, Corey B. Effects of patellar taping
on patellar position in the open and closed kinetic
chain: a preliminary study. J Sports Rehabil.
1997;6:299-308.

Sutlive TG, Mitchell SD, Maxfield SN, et al. Identifica-
tion of individuals with patellofemoral pain whose
symptoms improved after a combined program of foot
orthosis use and modified activity: a preliminary investi-
gation. Phys Ther. 2004;84:49-61.

Thomee R, Augustsson J, Karlsson J. Patellofemoral pain
syndrome: a review of current issues. Sports Med.
1999;28:245-262.

Van Gheluwe B, Kirby KA, Roosen P, Phillips RD.
Reliability and accuracy of biomechanical measure-
ments of the lower extremities. / Am Podiatr Med
Assoc. 2002;92:317-326.

Wainner RS. Reliability of the clinical examination: how
close is “close enough”? J Orthop Sports Phys Ther.
2003;33:488-491.

Watson CJ, Leddy HM, Dynjan TD, Parham JL. Reliabil-
ity of the lateral pull test and tilt test to assess patellar

863

140d3¥ HOYVISIY



66.

67.

68.

864

alignment in subjects with symptomatic knees: student
raters. J Orthop Sports Phys Ther. 2001;31:368-374.
Werner S, Knutsson E, Eriksson E. Effect of taping the
patella on concentric and eccentric torque and EMG of
knee extensor and flexor muscles in patients with
patellofemoral pain syndrome. Knee Surg Sports
Traumatol Arthrosc. 1993;1:169-177.

Whittingham M, Palmer S, Macmillan F. Effects of
taping on pain and function in patellofemoral pain
syndrome: a randomized controlled trial. J Orthop
Sports Phys Ther. 2004;34:504-510.

Wilk KE, Davies GJ, Mangine RE, Malone TR. Patel-
lofemoral disorders: a classification system and clinical
guidelines for nonoperative rehabilitation. J Orthop
Sports Phys Ther. 1998;28:307-322.

69.

70.

71.

Wilson T, Carter N, Thomas G. A multicenter, single-
masked study of medial, neutral, and lateral patellar
taping in individuals with patellofemoral pain syn-
drome. J Orthop Sports Phys Ther. 2003;33:437-443;
discussion 444-438.

Witvrouw E, Lysens R, Bellemans J, Cambier D,
Vanderstraeten G. Intrinsic risk factors for the develop-
ment of anterior knee pain in an athletic population. A
two-year prospective study. Am J Sports Med.
2000;28:480-489.

Worrell T, Ingersoll CD, Bockrath-Pugliese K, Minis P.
Effect of Patellar Taping and Bracing on Patellar Posi-
tion as Determined by MRI in Patients with Patel-
lofemoral Pain. J Athl Train. 1998;33:16-20.

J Orthop Sports Phys Ther ® Volume 36 ¢ Number 11 ® November 2006



Appendices

APPENDIX A

Compared to your condition prior to treatment with the patellar taping, which item on the scale below best

describes your present condition (choose only one):

Patient Global Rating Scale

O O O O O O O O O O O o o o o

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

APPENDIX B

Clinical Measurement Items: Operational Definitions

First metatarsophalangeal (MTP) passive extension was measured with the subject sitting and the ankle in
neutral (0°) dorsiflexion. The axis of the goniometer was positioned over the joint axis, the stationary arm of
the goniometer was positioned over the first metatarsal and the moving arm along the proximal phalanx of
the great toe.”

McConnell test™ is a provocative test designed to reproduce patellofemoral pain syndrome (PFPS). In a
seated position, the examiner placed the symptomatic knee into varying degrees of flexion (0°, 30°, 60°, 90°,
120°). At each position, the subject isometrically contracted the quadriceps and held the contraction for 10
seconds. If pain was produced at one of those positions, a second isometric contraction was then performed
at the same angle with the patella manually glided medially by the examiner. The test was positive if the
subject’s pain was significantly reduced with the patella glided medially.

Patellar orientation was visually categorized as medial, neutral, or lateral with the subject seated with both
knees flexed to 90°.

The Thomas test assessed hip flexor tightness as described by Magee.*'

The hamstring 90-90 test measured hamstring length in supine.*' The test was considered positive if the
subject was unable to extend the symptomatic knee within 20° of full extension.

The patellar glide test was used to assess patellar position with the subject supine. The center of the patella
was marked, and a tape measure was then placed across the anterior aspect of the knee from the lateral
femoral epicondyle to the medial femoral epicondyle. The test was positive if the center of the patella was
displaced at least 0.5 cm in either (medial or lateral) direction.

The patellar tilt test assessed patellar mobility with the subject supine. With the subject relaxed, the examiner
glided the patella laterally and attempted to lift the lateral border of the patella anteriorly. The measurement
was recorded as: no lift (negative), lift to neutral (level with a horizontal plane), or lift above (positive) the
horizontal plane.®
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The lateral patellar pull test detected any lateral over-pull of the patella by the quadriceps. With the subject
supine, the examiner observed the path of the patella as the subject isometrically contracted the quadriceps
on the symptomatic side. A positive test was recorded if movement of the patella was greater laterally than
superiorly.®

Ober test assessed iliotibial band tightness with the subject side lying as described by Magee.*'

Craig test assessed the degree of femoral angle of torsion and was performed with the subject prone and the
symptomatic knee flexed to 90°.*'

Tibial torsion was measured with the subject prone and the symptomatic knee flexed to 90° as described by
Gross.”

Ankle dorsiflexion active range of motion (AROM) was recorded with the subject prone and the knee
extended. Ankle dorsiflexion AROM was also recorded with the knee flexed to 90°.

Both subtalar joint neutral (non-weight bearing) and forefoot alignment were measured in the figure-4
position as described by Gross.”’

Relaxed calcaneal stance measured rearfoot alignment with the subject weight bearing as described by
Jonson and Gross.?" The subject stood on a stepstool with the heels flush with the edge of the stool. The
degree of deviation of the line that bisected the calcaneus from vertical was recorded.

Tibial angulation (varum/valgum) was measured as described by Donatelli."" The subject stood on a 20-cm
step, and the rater measured the angle formed by the horizontal surface of the step and the line that bisected
the Achilles tendon. Tibial varum was defined as the distal end of the tibia being more medial than the
proximal end.

The navicular drop test was performed in standing as described by Picciano and colleagues.”

Q-angle was measured with the subject standing as described by Caylor et al.” The proximal end of a string
was held over the inferior angle of the anterior superior iliac spine (ASIS). The distal end of the string was
then taped to the center of the patella and to the tibial tuberosity. The angle of the string formed from the
center of the patella to the ASIS, and the center of the patella to the tibial tuberosity was recorded.

Pelvic obliquity was measured with the Palpation Meter (PALM).*>** With the subject facing away from the
examiner and arms crossed across chest, the PALM was placed over the tops of the iliac crests. The subject
was then instructed to inhale deeply and exhale. As the subject held the exhale, the measurement was taken.
The PALM calibrated slide rule converted the measurement to centimeters. This measurement was rounded
to the nearest centimeter.

APPENDIX C

Questions from the History

866

What is your age?

What is your occupation?

What are your hobbies?

How long have you had your present episode of knee pain?

Is your knee pain on just one side or both?

If you experience pain in both knees, is one side worse than the other?

If yes, which side is worse?

Was there trauma associated with the onset of the present episode of pain?

Do you have a prior history of knee pain? If so, how long ago?

Have you ever had surgery on either knee? If yes, on which knee? What type of surgery was performed?
Do you have a history of any systemic diseases (diabetes, rheumatoid arthritis, heart disease, etc)? If yes,
please describe.

With regards to your knee, do you ever experience: - Locking? - Giving way? - Clicking? - Crepitus (grinding
or crunching noises)?
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