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Objective: Patellofemoral pain syndrome (PFPS) is a com-
man clinical entity seen by the sports medicine specialist. The
ultimate goal of rehabilitation is to return the patient to the high-
est functional level in the most efficient manner. Therefore, it is
necessary to assess the progress of patients with PFPS using
reliable functional performance tests. Our purpose was to eval-
uate the intrarater reliability of 5 functional performance tests in
patients with PFPS.

Design and Setting: We used a test-retest reliability design
in a clinic setting.

Subjects: Two groups of subjects were studied: those with
PFPS (n = 29) and those with no known knee condition (n =
11). The PFPS group included 19 women and 10 men with a
mean age of 27.6 + 53 years, height of 169.80 + 10.5 cm,
and weight of 69.59 = 15.8 kg. The normal group included 7
women and 4 men with a mean age of 30.3 + 5.2 years, height
of 169.55 = 9.9 cm, and weight 69.42 + 14.6 kg.

Measurements: The reliability of 5 functional performance
tests (anteromedial lunge, step-down, single-leg press, bilateral
squat, balance and reach) was assessed in 15 subjects with

PFPS. Secondly, the relationship of the 5 functional tests to
pain was assessed in 29 PFPS subjects using Pearson product
moment correlations. The limb symmetry index (LSI) was cal-
culated in the 29 PFPS subjects and compared with the group
of 11 normal subjects.

Results: The 5 functional tests proved to have fair to high
intrarater reliability. Intrarater reliability coefficients (ICC 3,1)
ranged from .79 to .94. For the PFPS subjects, a statistical
difference existed between limbs for the anteromedial lunge,
step-down, single-leg press, and balance and reach. All func-
tional tests correlated significantly with pain except for the bi-
lateral squat; values ranged from .39 to .73. The average LS|
for the PFPS group was 85%, while the average LS| for the
normal subjects was 97%.

Conclusions: The 5 functional tests proved to have good
intrarater reliability and were related to changes in pain. Future
research is needed to examine interrater reliability, validity, and
sensitivity of these clinical tests.
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ical entity used to describe a varicty of pathologic con-
ditions associated with the articulation between the un-
dersurface of the patella and the femoral condyles. Patellofem-
oral pain syndrome can be caused by a varicty of factors, in-
cluding quadriceps weakness, increased Q angle, faulty lower
extremity mechanics, overuse, and lateral retinaculum tight-
ness.'? The major complaints of patients with PFPS are dif-
fuse knce pain, patellar crepitus and locking, knec joint stiff-
ness, and decreased activity levels.>7 Onset of symptoms is
usually insidious and may occur bilaterally. Activities such as
prolonged sitting, stair descent, and squatting often exaccrbate
the pain.®
The ultimate goal of rehabilitation for patients with PFPS
is return to the highest functional level in the most cfficient
manner.” Accompanying this goal is the need for a testing
method that is objective, reliable, and sensitive to the changing
status of PFPS. Common objective measures of knee function

P atcllofemoral pain syndrome (PFPS) is a common clin-

include pain assessment, goniometry, girth measurement, man-
ual muscle testing, and isokinetic evaluation. Howecver, these
tests have been shown to be poor predictors of function. 610

Functional testing is an attempt to evaluate the knee joint
under conditions that mimic realistic functional demands. Per-
formance on functional tests depends on many variables, in-
cluding pain, swelling, crepitus, neuromuscular coordination,
muscular strength, and joint stability.!! The tests should be
time efficient and simple to perform with minimal instruction;
they should require minimal staff training and be conducted
within a clinical setting. Several functional knee tests arc de-
scribed in the literature and include the shuttle run, stair-run-
ning test, vertical jump test, and hop tests.'®~!2 These tests are
useful after ligamentous knee injuries or other sport-related
injuries, such as muscle strains or meniscus injuries, and are
not specific to the patellofemoral joint.

Functional performance tests that are specific for PFPS
should be chosen based on clinical evidence and the ease of
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replication among clinics and facilities. Pain is a factor asso-
ciated with PFPS and is commonly used as a measurement to
determine functional improvement. Chesworth et al'® evalu-
ated the visual analog scale (a measure of pain) in patients
with PFPS, finding poor day-to-day reliability but good sen-
sitivity to clinical changes. In addition to measuring pain di-
rectly, performance of a functional test may add information
regarding muscle strength, endurance, proprioception, and bal-
ance.

Functional tests specific to PFPS should include weight-
bearing stress with various knee-flexion angles because these
are common aggravating positions and require dynamic mus-
cular control. Post and Fulkerson® found that 86% of patients
with patellofemoral pain have pain during stair climbing and
85% have pain with squatting. The increase in pain with these
activitics is correlated with an increase in patcliofemoral joint
reaction force. 34814 At present, no functional tests specific to
the patcllofemoral joint have been reported in the literature.

We evaluated the following functional performance tests in
this study: anteromedial lunge, step-down, single-leg press, bi-
lateral squat, and balance and reach. The anteromedial lunge
is a multiplanar movement designed to challenge the lateral
patcllofemoral articulation with the valgus stress placed on the
knee during the maneuver.!® Theorctically, as an individual
lunges and the center of gravity moves forward and across the
body, the pull of the quadriceps muscle causes compressive
loading of the lateral patellofemoral articulation, a common
site of patellofemoral symptoms. The step-down mimics the
function of stair descent, a common aggravating factor. The
load of the patellofemoral joint with stair descent has been
reported to be 3.5 times body weight.'® A single-leg press test
was chosen to stress the patellofemoral joint in a partial
weight-bearing mode. This test can be administered early in
rchabilitation when a full squat may be too aggravating. To
further challenge the patcllofemoral joint, a second test is a
full weight-bearing bilateral squat. The joint reaction force of
a squat to 90° is approximately 7.5 times body weight.? The
balance-and-reach test, described by Gray,!s specifically chal-
lenges single-leg balance.

The primary purpose of our study was to determine the
intrarater reliability of 5 functional performance tests on pa-
tients with PFPS. Secondary purposcs were to determine limb
symmetry index (LSI) differences for involved and uninvolved
limbs and to assecss the relationship between the 5 functional
tests and pain ratings.

METHODS

Subjects

Two groups of subjects were included in this study, onc
group with PFPS (n = 29) and a second group with no known
knee condition (n = 11). The PFPS group included 19 women
and 10 men with a mcan age of 27.6 += 5.3 years, height of
169.80 * 10.5 cm, and weight of 69.59 * 15.8 kg. Data from
15 of these 29 subjects were used for the reliability testing.
Inclusion criteria for the subjects in the PFPS group were 2
of the following on initial assessment: pain on direct com-
pression of the patella against the femoral condyles with the
knee in full extension, tenderness on palpation of the lateral
surface of the patella, pain on resisted knee extension, or pain
with isometric quadriceps contraction against suprapatellar re-
sistance with the knee in slight flexion. These subjects’ symp-

Figure 1. Anteromedial lunge test.

toms were consistent with the cxcessive lateral pressure syn-
drome as described by Wilk et al.!” Exclusion criteria for both
groups included a history of patcllar trauma; subluxation; dis-
location; confirmed ligamentous, meniscal, or fat-pad damage;
evidence of tendinitis, bursitis, or effusion; cvidence of rc-
ferred pain from the back or hip; osteochondral or chondral
fractures; or upper or lower motor neuron lesion.'®1? The du-
ration of patellofemoral pain averaged 5.2 months for the
PFPS group. The normal group included 7 women and 4 men
with a mean age of 30.3 = 5.2 ycars, height of 169.55 = 9.9
cm, and weight of 69.42 + 14.6 kg. The normal subjects were
used to compare the LSls.

Experimental measurements

Anteromedial lunge, left and right. For the anteromedial
lunge, the subject is lined up behind a start line. The test is
performed by having the subject lunge forward with the un-
involved limb so that the front leg is bent to 90° and crosscs
the midlinc. The subject must maintain good balance and an
ercct trunk posture. Distance is recorded from the start line to
the heel of the lead limb during the lungc-out position. The
maximal distance of 3 trials is recorded and marked. Eighty
percent of the maximal distance is calculated and marked with
a picce of tape as a target for the series of timed lunges. The
subject is then asked to complete as many lunges as possible
in 30 scconds; lunges less than the 80% mark are not recorded.
If the subject deviates from the path of motion or takes an
extra step, the lunge is not included in the count. The involved
limb is then tested, using the 80% mark from the uninvolved
limb (Figure 1).

Step-down, left and right. The step-down is a unilateral
test performed from a platform 8 inches (20.32 c¢m) high. Sub-
Jects step forward and down toward the floor. The down limb
only brushes the floor with the heel and then returns to full
knee extension. This counts as one repetition. Each repetition
must be completed such that the step limb is not used to ac-
celerate back onto the step. The number of repetitions the sub-
Ject performs in 30 seconds is recorded. Both limbs arc tested
(Figure 2).

Single-leg press. Subjects are positioned on the Total Gym
(Fitness Quest Inc, Canton, OH) at level 7, which is considered
to be 50% of the subject’s body weight. Subjects begin with
the test knee in full extension. One repetition consists of a
complete cycle of full knee extension to 90° of knee flexion
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Figure 2. Step-down test.

Figure 4. Balance-and-reach test.

and return to full knee extension. The number of unilateral
squats completed in 30 seconds is recorded. Both limbs arc
tested (Figure 3).

Bilateral squat. Subjccts start this test standing with the
knees in full extension, shoulder-width apart, and weight even-
ly distributed on both limbs. Subjects lower their bodies to a
knee position of 90° and then return to full extension. One
repetition consists of a complete cycle of straight standing to
90° of knee flexion and return to straight standing. The number
of bilateral squats completed in 30 scconds is recorded.

Balance and reach. The subject starts the test behind a start
line. The subjecct reaches straight forward with one leg so that
the heel touches the floor, with most of the body weight re-
maining on the back (test) leg. The uninvolved limb is tested
first. Distance is recorded from the start line to the heel of the
lecad limb. The maximal distance of 3 trials is recorded and
marked. Eighty percent of the maximal distance is calculated
and marked with a piece of tape. During the 30-second test
period, the subject performs as many balance-and-reach lunges
as possible. Only lunges in which the subject’s heel touches
beyond the 80% mark are recorded. The involved limb is then
tested using the 80% mark from the uninvolved limb (Figurc
4).

Visual Analog Scale (VAS). A 10-cm horizontal line was
uscd to assess patellofemoral knee pain over the 24 hours be-
fore the testing period. The far left is ““pain free,” and the

extreme right represents severe pain. The marked value was
measured with a standard ruler and then converted to a pain
score. The VAS has been previously validated in the litera-
ture?® and used in patients with PFPS.!13

Procedure

The University of Kansas Medical Center’s Internal Review
Board approved the study. Before participating, subjects were
screencd with questions regarding previous lower extremity
injuries. After being selected to participate, each subject com-
pleted an informed consent form followed by the VAS. After
completing the VAS, the subject was instructed in the proper
technique for cach of the functional performance tests. The
subject performed each of the functional tests in random order,
and both lower extremitics were tested. The beginning test leg
was randomly assigned for the single-leg press and the step-
down test. Each test was performed once, without the usc of
tape or a brace. Pain level during the test was monitored, and
subjects were instructed that they could stop duc to pain, but
pain level was not a stopping criterion.

Each subject began the assessment session with a warm-up
period that consisted of low-resistance, lower extremity cy-
cling. The task-specific warm-up included practice for cach
functional performance test (3 to 5 repetitions with a 30-scc-
ond rest before the actual testing). A written description of
each test was rcad to the subject, followed by a demonstration
of the test by the tester (Appendix). Participants reccived no
verbal encouragement during actual testing. Subjects were al-
lowed a I-minute rest between functional performance tests.

Reliability. For intrarater reliability, 15 subjects with PFPS
were tested on 2 occasions, 48 to 72 hours apart. The random
order of functional testing was matched between day | and
day 2. Visual analog scale scores had to match within 0.5 from
test day | to test day 2 (eg, a subject who scored 6.5 on day
1 had to score between 6.0 and 7.0 on day 2). Pain has mo-
tivational, affective, cognitive, behavioral, and sensory dimen-
sions,2! and thesc factors can hinder a test-retest design. There-
fore, for reliability testing, subjects had to score within 0.5 on
the VAS from test day | to test day 2 to prevent confounding
of the pain variable.

Correlation. The scores on day 1 of the 15 reliability sub-
jects were added to the scores of 14 other individuals with
unilateral PFPS who had complcted the VAS and 5 functional
tests. This information was usced to establish a relationship
between the VAS and functional test scorcs. All subjects
scorcd within this range except for 2. Both subjects were asked
to return within 48 hours and repcat the VAS. Upon return, |
of the 2 subjects scored within the acceptable VAS range; the
other did not and was dropped from the study.

Limb Symmetry Index. The PFPS limb scores were com-
pared and an LSI was cstablished.!! The group of 11 subjccts
with normal knees also performed the 5 functional tests to
determine the LSI.

Data Analyses

We compiled descriptive characteristics for each subject and
all performance scores in a Microsoft Excel (Microsoft Inc,
version 2000, Redmond, WA) spreadsheet. Data from the VAS
were recorded as a single score to one decimal place. Data
from each of the functional performance tests were recorded
as number of repetitions. We recorded repetitions for right and
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Table 1. Intrarater Reliability Estimates for Functional Tests

Intraclass Correlation  Standard Error of

Test Coefficient (3,1) the Mean
Anteromedial lunge .82 .38
Step down .94 .53
Single-leg press .82 .56
Bilateral squat 79 47
Balance and reach .83 .68

Table 2. Pearson Correlation Coefficients

Functional Test

r Value with Visual Analog Scale

Anteromedial lunge 730"
Step down 5701
Single-leg press 503+t
Bilateral squat .386

Balance and reach 461*

*Significant at .05 level.
1Significant at .01 level.

lcft anteromedial lunge, right and left step-down, right and left
leg press, bilateral squat, and right and left balance and reach.

SPSS for Windows (version 10, SPSS Inc, Chicago, IL)
statistical software was uscd to analyze the data. Statistical
significance was set at P << .05. Subject characteristics (age,
height, and weight) were compared between the groups using
a 2-sample ¢ test.

Reliability. We used the intraclass correlation cocfficient
(ICC) to evaluate intrarater reliability (ICC 3,1). Standard error
of the mecan (SEM) was calculated to describe the precision
of the measurement.

Correlation. Correlation analyses between the VAS and
functional tests were evaluated using the Pearson correlation
cocfficient.

Limb Symmetry Index. Statistical diffcrence between in-
dividual subjects’ limbs for the unilateral functional tests was
determined using a paired ¢ test. Bonferroni correction was
applied to these 4 tests, setting the alpha level to .05/4 =
0.013. The statistical difference between subjects with PFPS
and normal subjects on functional test scorcs was determined
with independent ¢ tests. Bonferroni correction was applied to
these 4 tests, sctting the alpha level to .05/4 = 0.013. Limb
symmetry index was calculated with the formula (involved/
uninvolved) X 100 for each group.

Table 3. Group Data*

RESULTS

Reliability

Intraclass correlation coefficients and SEMs for the intra-
tester mean scores are summarized in Table 1. Intraclass cor-
relation coefficients ranged from .79 to .94, and SEMs ranged
from .38 to .68. The highest ICC was found with the step-
down test and the lowest ICC with the bilateral squat test.

Correlation

The correlation matrix from the Pearson correlation cocffi-
cicent analyses is found in Table 2. Corrclation values between
the VAS and the functional tests ranged from .386 to .730.
Only the bilateral-squat test did not correlate significantly with
the VAS.

Limb Symmetry Index

Limb differcnce in the PFPS group was statistically signif-
icant (P << .013) for all unilateral functional tests. Limb dif-
ference in the normal subjects was not statistically significant
for any of the unilateral functional tests, The LSI ranged from
95.1% to 100.6% in the normal group and 80.0% to 89.8% in
the PFPS group.

When comparing the right limb of normal subjects with the
involved limb of the PFPS group, the normal group scored
more repetitions on the step-down, leg press, and bilateral
squat. Test scores between groups were statistically different
for the step-down test (P << .013).

DISCUSSION

Functional outcome mcasures should be simple to admin-
ister, inexpensive, reliable, and valid. Most of the functional
tests previously reported in the literature are targeted to pa-
ticnts after anterior cruciate ligament injury.2? The purposc of
our investigation was to determine the intrarater reliability of
5 functional performance tests. In addition, the relationship
between pain and functional test scores was asscssed.

Intrarater reliability mecasures the consistency of a test’s
score with respect to time and the evaluator. If a change docs
occur in the measure, onc can attribute the change to truc
change and not chance. In this study, intrarater reliability was
fair to high with a range from 0.79 to 0.94. The SEMs for all
tests were less than one repetition, indicating high precision.??

Pain is a common symptom of individuals with PFPS.

Normal Subjects

Patellofemoral Pain Subjects

Right Limb Left Limb Limb Symmetry Involved Limb Uninvolved Limb  Limb Symmetry
Test Mean (SEM) Mean (SEM) Index (%) Mean (SEM) Mean (SEM) Index (%)
Anteromedial lunge 11.60 (0.54) 12.2 (0.70) 95.1 11.72 (0.57)t 13.56 (0.48) 85.9
Step down 17.80 (1.02) 17.7 (1.44) 100.6 13.93 (1.02)t% 17.31 (0.99) 80.0
Single-leg press 13.80 (1.25) 14.5 (1.26) 952 13.69 (0.87)1 16.00 (0.84) 84.3
Bilateral squat 19.6 (0.91) NA NA 16.51 (1.34) NA NA
Balance and reach 16.4 (1.46) 16.9 (1.47) 97.0 17.93 (1.03)t 19.90 (1.04) 89.8

*SEM indicates standard error of the mean; NA, not applicable.
tSignificant difference between limbs at P < .013.
ISignificant difference between groups at P < .013.
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Therefore, a functional test for this population should correlate
somewhat with a pain measure. All unilateral functional tests
correlated significantly with the VAS. This finding indicates
that these 4 functional tests were sensitive to changes in pain
level. As pain level decreased, the number of repetitions per-
formed increased. The bilateral squat correlated the least with
the VAS and resulted in the lowest reliability. This result is
probably due to the bilateral nature of the test. Because weight
distribution was not monitored, subjects could shift weight to
the uninvolved limb to avoid overloading the involved side.

The 5 functional tests were tested on subjects with unilateral
PFPS and, therefore, we hypothesized that there would be a
difference in performance between the 2 limbs. For all tests,
the uninvolved limb scored higher. Results from the paired ¢
tests reached significance for the anteromedial lunge (P <
.013), step-down (P < .013), leg press (P < .013), and balance
and reach (P < .013).

We also compared the involved limbs of thc PFPS group
and the right limbs of the normal group. Surprisingly, the step-
down was the only test that was significantly different between
the PFPS group and the normal group (P < .013). The normal
subjects scored more repetitions on the step-down and leg
press but not on the anteromedial lunge or balance and reach.
Both the anteromedial lunge and balance-and-reach tests re-
quire some work from both limbs, and this may interferc with
a differential score.

Since only the step-down test was significantly different be-
tween groups, perhaps the LSI is a better indicator of PFPS
discrimination. The LSI has been described in the literature as
a return-to-sport criterion. Barber ct al'! suggested an LSI of
85% as a satisfactory level for determining normalcy in the
anterior cruciate ligament-reconstructed patient. For the 5
PFPS functional tests, the LSI ranged from 80.0% in the step-
down to 89.8% in the balance and reach. The normal group
averaged 95% for the unilateral tests. Because PFPS is so var-
iable and function depends on the presence of pain, a higher
LSI of 93 to 95% for cach functional test may be a better
predictor of normalcy in this patient population.

Because only intrarater reliability was statistically tested in
this study, the results cannot be generalized to other clinicians.
Further work is underway to determine the interrater reliability
and scnsitivity of these 5 functional tests before and after re-
habilitation. Clinically, we have noted that subjects with PFPS
improve on all the functional test scores and increasc their LSI
as they progress through rehabilitation.

CONCLUSIONS

The purpose of our study was to investigate the intrarater
reliability of 5 functional performance tests. The intrarater re-
liability proved to be fair to high, with the highest reliability
occurring with the step-down test and the lowest with the bi-
lateral squat. The unilateral functional tests correlated signifi-
cantly with the visual analog scale and differentiated between
the involved and uninvolved extremities. However, the limb
symmetry index is probably a better discriminator of patcllo-
femoral pain syndrome than the absolute number of repetitions
obtained on each test. The key to the reliability of the tests is
that the clinician follow standard protocol. Further reliability
testing among clinicians needs to be investigated.

The functional tests are designed to be used independently
or together. Each test has a particular, unique contribution to
the total functional picture. For patients who are unable to

tolerate a single-leg squat, the single-leg press can be used to
assess quadriceps function. As patients progress, the following
3 tests can be used: (1) the step-down requires balance and
eccentric control of the quadriceps, (2) the anteromedial lunge
requires a greater range of knee flexion, and (3) the balance
and reach requires single-leg balance, limb stability, and pro-
prioception. Before discharge, a patient with patellofemoral
dysfunction should be able to complete the unilateral tests with
the involved limb and score within 10% of the uninvolved
limb.
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APPENDIX

Instruction for Functional Performance Tests

. Anteromedial lunge: “You will stand behind a start line

and perform 3 lunges with the uninvolved limb. The max-
imum distance achieved will be used to calculate the 80%
target distance. The target distance will be marked on the
floor with tape and recorded on the data form. Then, you
will stand with your feet straddling the middle line. Your
toes must stay behind the central line. Then, you will step
out with your _ leg so that your heel passes the marked
distance (tester will demonstrate). You will continue the
lunges for 30 seconds. Do you have any questions?”
Criteria: Only lunges in which the subject’s heel touches
beyond the 80% mark will be recorded.

. Step-down: “You will stand on this 8-inch stcp with both

legs. When 1 say go, you will lower your — lcg so that
your heel touches the ground. You will then return this
leg to the platform and touch the top of the platform. You
will continue this sequence until T say stop. The test is
run for 30 scconds. Do not push off the ground as you
lower your heel. Do you have any questions?”

Criteria: Heel must make contact with a slight hesitation

both at the down phase and the start phase. Do not allow
the subjects to vault up with their touch leg.

. Single-leg press: “You will start with your back against

the sled and your knees fully extended. Place your feet
hip-width apart on the standing platform. When I say go,
you will bend your — knee and lower your body on the
sled to approximately 90° of knee flexion. I will tell you
when you achieved the appropriate knee bend. You will
continue performing the knee bends for 30 seconds. Do
you have any questions?”

Criteria: Foot must remain flat on the Total Gym plat-
form, no vaulting. Full 90° must be achieved (sled must
touch platform).

. Bilateral squat: “You will stand with your fcet hip-width

apart and squat down so that your knees bend to 90° like
this (tester demonstrates). Your seat will touch this chair.
Do not rest on the chair. You will return to the start po-
sition and repeat this activity for 30 seconds. Do you havc
any questions?”’

Criteria: Buttock must touch scat. Subject must reach full
standing with full knee extension.

. Balance and reach: “You will stand behind a start line

and perform 3 lunges with the uninvolved limb. The max-
imum distance achieved will be used to calculate the 80%
target distance. The target distance will be marked on the
floor with tape and rccorded on the data form. Stand with
your feet straddling the middle line. Your toes must stay
behind the central line. You will step out with your — leg
so that your heel passes the marked distance (tester will
demonstrate). Do not rest your foot down when you reach
the target distance. You will continuc the reaches for 30
scconds. Do you have any questions?”

Criteria: Only rcaches in which the subject’s heel touches
beyond the 80% mark will be recorded.
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