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ABSTRACT

CROSSLEY, K. M., S. M. COWAN, J. MCCONNELL, and K. L. BENNELL. Physical Therapy Improves Knee Flexion during Stair
Ambulation in Patellofemoral Pain. Med. Sci. Sports Exerc., Vol. 37, No. 2, pp. 176—183, 2005. Purpose: This study aimed to examine
whether a physical therapy intervention, designed to reduce pain and improve the neuromotor control resulted in greater improvements
in stance-phase knee flexion during stair ambulation in individuals with patellofemoral pain. The relationship between changes in
stance-phase knee flexion and changes in pain, disability, and onset timing of individual vasti activity was also examined. Methods:
Forty participants aged 40 yr or younger diagnosed with patellofemoral pain were randomly allocated to a physical therapy (N = 21)
or placebo (N = 19) treatment group. Stance-phase knee flexion was measured in two dimensions using a PEAK movement analysis
system during stair ambulation. Individuals were divided into those with improvements in onset of vastus medialis obliquus (VMO)
activity relative to that of the vastus lateralis (VL) of more or less than 10 ms. Results: Groups were similar at baseline. After the 6-wk
intervention, individuals in the physical therapy group had significantly greater changes in knee flexion at heel strike (mean difference
4°,95% CI = 2-7°) and peak stance-phase knee flexion (mean difference 9°, 95% CI = 5-12°) than those in the placebo group. No
differences were noted during stair ascent. Individuals with greater change in the onset timing of the vasti had greater improvements
in stance-phase knee flexion. Changes in usual pain in the week before testing and change in the vasti onset timing were independent
predictors of change in stance-phase knee flexion during stair descent, together accounting for 27-40% of the variability in knee
motion. Conclusions: Physical therapy intervention resulted in significantly greater changes in knee joint motion than a placebo
treatment, and these changes in knee motion were partly related to changes in pain and changes in onset timing of the vasti. Key Words:

REHABILITATION, VASTI, KNEE MOTION, RETRAINING, GAIT, NEUROMOTOR CONTROL

atellofemoral pain is a musculoskeletal complaint that

is common in active and general populations. Recent

prospective cohort studies have identified that ap-
proximately 10% of active individuals will develop patel-
lofemoral pain (1,31). Currently, the specific pathological
process associated with patellofemoral pain is not known
(12). However, patellofemoral pain is associated with ste-
reotypical symptoms, namely, anterior or retropatellar pain
that is aggravated by activities that repetitively load the
patellofemoral joint (PFJ). During weight bearing, activities
that involve knee flexion will increase the PFJ reaction force
(2,30). Stair ambulation is one activity in which the PFJ
reaction force is high (4,23), and thus pain and difficulty
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with stair ascent and descent are frequently reported in
individuals with patellofemoral pain (19).

Reduced stance-phase knee flexion in individuals with
patellofemoral pain may be an adaptation to reduce PFJ load
or a response to abnormal stimulation of nociceptor and
mechanoreceptors. To date, four studies have examined the
amount of knee motion in individuals with and without
patellofemoral pain, and there are conflicting results. Our
research group and one other study found that individuals
with patellofemoral pain had less knee flexion during stair
descent (11,17). In contrast, no differences between indi-
viduals with and without patellofemoral pain in the amount
of knee motion were noted by Powers et al. (28) and Heino
Brechter and Powers (19), but it is possible that the
decreased walking velocity in the patellofemoral pain
participants may have contributed to the lack of kine-
matic differences.

Our previous work has established that the onset of vastus
medialis obliquus (VMO) activity was delayed relative to
that of vastus lateralis (VL) (8) and that this was associated
with less knee flexion during stair descent (11) in a patel-
lofemoral pain cohort compared with a group of healthy
controls. It is possible that asynchronous activity of the vasti
may be associated with altered patellar tracking, ultimately
leading to areas of increased stress in the PFJ (16). There-



fore, an intervention designed to decrease patellofemoral
pain and improve the neuromotor control of the vasti may
result in improvements in stance-phase knee flexion during
stair ambulation.

Diminution of pain and disability is the most important
outcome of treatment. Additionally, if reduced stance-phase
knee flexion is observed in individuals with patellofemoral
pain, then a valuable aim of an intervention should be to
restore normal gait kinematics. To date, there is a paucity of
trials that have assessed the effects of intervention on knee
joint kinematics during gait in participants with patel-
lofemoral pain. Chesworth and coworkers (3) failed to find
any modification in the gait kinematics during downhill
treadmill walking in participants with patellofemoral pain
after improvement in their clinical symptoms. A number of
factors may have contributed to the lack of a treatment effect
including the use of a pragmatic intervention that did not
specifically address knee function and a sample that may not
have had sufficient baseline pain to exhibit reduced stance-
phase knee flexion. Although no previous study has dem-
onstrated that a physical therapy intervention can affect
knee stance-phase knee flexion during gait, Powers and
coauthors (27) found an effect related to patellar tape. They
found that the application of patellar tape resulted in a small
but significant increase in peak stance-phase knee flexion
during the taped condition while participants walked at two
speeds, up and down ramps, and up and down stairs.

AIM

We recently conducted a randomized, controlled trial
(RCT) that investigated the efficacy of a physical therapy
intervention to reduce the pain and disability associated with
patellofemoral pain (9). The primary objective of the phys-
ical therapy intervention was to improve the neuromotor
control of the vasti using a progressive motor retraining
program. The aim of the current project was to assess
whether individuals who were randomized into the physical
therapy group attained a greater increase in stance-phase
knee flexion than those in the placebo treatment group. A
secondary aim was to evaluate whether changes in stance-
phase knee flexion would be partly related to the reductions
in patellofemoral pain and disability and improvements in
vasti neuromotor function that were noted and have been
reported in previous publications (5,9).

METHOD

A randomized, double-blind, placebo control trial was
used to investigate the effects of a physical therapy inter-
vention on stance-phase knee flexion during stair ambula-
tion (9).

Participants. The first 40 participants enrolled in a
larger RCT (9), for which there were kinematic data avail-
able, formed the cohort for this trial. All participants pro-
vided written informed consent, and all procedures were
undertaken with prior approval from the Human Research
and Ethics Committee of The University of Melbourne.
Participants were recruited from health professionals, ad-
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vertisements, and media in Melbourne, Australia. Eligibility
criteria were based on those used in previous studies, and an
experienced practitioner made the diagnosis of patellofemo-
ral pain on clinical examination. The inclusion criteria were
(i) anterior or retropatellar knee pain on at least two of
prolonged sitting, stairs, squatting, running, kneeling, and
hopping/jumping; (ii) insidious onset of symptoms unre-
lated to a traumatic incident; (iii) presence of pain on pal-
pation of patellar facets and on step-down from a 25-cm step
or double leg squat. Participants were excluded if they had
(i) signs or symptoms of other knee pathology; (ii) previous
surgery to the PFJ complex; (iii) aged older than 40 yr to
reduce the possibility of degenerative joint disease; (iv)
previous exposure to patellar taping or known allergy to
adhesive tape; (v) inability to attend a physical therapy
clinic for a 6-wk treatment program; (vi) currently taking
nonsteroidal antiinflammatory (NSAIDs) or corticosteroid
medication; and (vii) inability to understand written and
spoken English.

Group assignment. Participants were randomly allo-
cated to the physical therapy or placebo treatment groups
using simple randomization (in blocks of four), stratified to
treatment center, using a computer-generated table of num-
bers. Treatment allocation was concealed from the outcome
assessor at all times and from the physiotherapist until the
commencement of treatment. One investigator (K.L.B.) kept
the assignment schedule, and the treatment group allocation
was provided to the treating physiotherapist in a sealed,
opaque envelope.

Interventions. Standardized physical therapy and pla-
cebo treatments were implemented, once weekly for 6 wk
for similar lengths of time in each group. Ten experienced
physiotherapists were trained in the implementation of both
interventions. The treatments are described in detail in the
published RCT (9) and are summarized below.

Physical therapy treatment. A treatment protocol
was developed, based on routine practice in Australia
(24,25). Treatment components included (i) patellar tap-
ing, corrective taping applied in a standard manner to
reduce the participant’s symptoms by 50% (Fixomull;
Beiersdorf Australia, North Ryde, Australia, and Endura-
tape; Endura-Tape Pty., Ltd., Sydney, Australia); (ii)
retraining of the vasti, a series of exercises designed to
provide progressive load to the PFJ using surface EMG
biofeedback (Pathway MR-20; The Prometheus Group,
Dover, NH) to maximize that VMO activity; (iii) gluteal
strengthening, isometric hip abduction/external rotation
in standing; and (v) mobilization of the patella performed
in side lying and a home program of stretches to the
hamstring and hip rotators. Physiotherapists delivering
the intervention were trained in its implementation and
were provided with a training manual. Participants were
prescribed daily home exercises and provided with stan-
dardized home exercise sheets. Compliance with home
exercises was monitored via the daily log.

Placebo treatment. The placebo intervention con-
sisted of placebo taping (Endura-tape; Endura-Tape Pty.,
Ltd.), inoperative ultrasound (custom-made devices), and
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the light application of a nontherapeutic gel (ultrasonic
gel; Parker Laboratories Inc., Fairfield, NJ, and Hospital
Skin Care Lotion; Smith & Nephew, Clayton, Australia).

Outcome measures. In all participants, outcome as-
sessment was performed by the investigators (K.M.C. and
S.M.C.), blinded to group allocation, at baseline and at the
conclusion of the 6-wk treatment program.

Pain and disability scales. A number of self-admin-
istered questionnaires were chosen, based on their reli-
ability and validity in this patient population (10). Par-
ticipant’s overall assessment of pain was measured using
a 10-cm visual analog scale for usual pain (VASU) in the
previous week. Disability was measured on an anterior
knee pain—specific, self-administered questionnaire
(AKPS) (22). The number of step-ups (25-cm step) and
step-downs (25-cm step) that could be performed before
the onset of pain was recorded. In addition, the amount of
pain recorded during the stair ambulation task was mea-
sured on a 10-cm visual analog scale (VASstep). Partic-
ipants also completed a 5-point scale recording their
perceived global rating of change (1 = marked worsen-
ing, 2 = moderate worsening, 3 = same, 4 = moderate
improvement, 5 = marked improvement).

Stance-phase knee flexion. Stance-phase knee
flexion was recorded at baseline and at the conclusion of
the 6-wk treatment program in the affected limb (or the
more symptomatic limb in case of bilateral symptoms).
Stance-phase knee flexion was measured with a PEAK
movement analysis system (Peak Performance Technol-
ogy Inc., Englewood, CO 1991). Reflective markers used
to determine sagittal plane motion were attached to the
lateral malleolus, neck of the fibula, on the iliotibial band
at the level of the superior border of the patella and lateral
thigh (junction of the proximal one-third and distal two-
thirds) using a standard protocol (29). Custom-made
stairs (60-cm platform, two 20-cm high steps) (6) were
placed in the center of a 5-m walkway. Movement data of
stance-phase (initial foot strike to toe-off) during ascent
and descent were recorded by a single camera at a fre-
quency of 50 Hz and then digitized. The obtained raw
data representing the spatial location of the four reference
markers were then filtered using a robust nonlinear least-
squares fourth order (Butterworth) filter. An independent
assessor, blinded to group allocation (physical therapy or
placebo) digitized the movement data from the videotape.
Participants wore their own footwear and were instructed
to wear the same footwear on the second test occasion.
Each participant completed at least five practice trials,
and data were then collected on five trials at a stair-
stepping rate of 96 steps per minute.

Stance-phase knee flexion was calculated for both as-
cending and descending stairs for each trial. Two angular
variables were of interest: (i) knee flexion at heel strike
and (ii) peak stance-phase knee flexion. The temporal
variable of interest was the time to peak stance-phase
knee flexion (reported as a percentage of the total stance
time). Our previous study determined that the average of
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three trials was appropriate to obtain a representation of
knee joint motion during stair ambulation (11).

EMG recordings of vasti. Recordings of vasti EMG
onset are described in full in a previous study (8). Briefly,
EMG data were taken during the stance-phase of stair
ascent and descent from five consecutive trials. The data
were preamplified (ten times) distal to the surface elec-
trodes, band-pass filtered between 20 and 500 Hz, sam-
pled at 1000 Hz, full-wave rectified, and low-pass filtered
at 50 Hz. A computer algorithm identified the onset of
EMG activity, and the onsets were checked visually from
the raw traces. The algorithm identified the point at
which the EMG signal deviated by more than three SD,
for a minimum of 25 ms, above the baseline level (av-
eraged over 200 ms before the commencement of the
trial). The rectified unfiltered EMG data were visually
checked to verify the EMG onsets identified by the com-
puter. The onset of EMG activity from each of the indi-
vidual trials were averaged over the five repetitions and
the relative difference in the onset of the vasti was de-
termined by subtracting the time of onset of EMG activ-
ity of the VMO from that of the VL. This method is
reliable in our laboratory (6). The onsets of the vasti
EMG are used in the present study to assess the relation-
ship between changes in VMO EMG onset relative to VL
and changes in stance-phase knee flexion after the 6-wk
intervention.

Participant details. Age, gender, and duration of
symptoms were recorded. Height and weight were mea-
sured on each participant when barefoot, and body mass
index (BMI) was calculated.

Statistical analyses. All statistics were performed
with the Statistical Package for Social Sciences (SPSS;
Norusis/SPSS Inc., Chicago, IL), and a two-tailed level of
significance was set at 0.05 for all tests. Baseline compar-
isons between the participants in the physical therapy and
placebo treatment groups were performed using indepen-
dent #-tests or chi-square analyses. The effects of treatment
were evaluated separately in both the placebo and physical
therapy groups using paired #-tests. For each gait parameter,
the change from baseline to final assessment was calculated.
The mean changes were compared between participants in
the physical therapy intervention group and those in the
placebo group using independent ¢-tests.

To assess the relationship between changes in vasti onset
and changes in stance-phase knee flexion, the participants
were divided into two groups: those with no change in the
onset of VMO relative to VL (<10 ms) and those with an
earlier onset of VMO relative to VL (>10 ms) after the
6-wk intervention. The mean change in stance-phase knee
flexion for each group was calculated and then compared
using an independent f-test. The bivariate relationships be-
tween changes in stance-phase knee flexion and the changes
in vasti EMG onset, pain, and disability associated with
treatment were assessed in the total cohort (physical therapy
and placebo treatment groups, N = 40) at the completion of
the intervention using either a Spearman’s or Pearson’s
correlation coefficient. Pain, disability, and EMG onset vari-
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TABLE 1. Description of mean (SD) or frequency characteristics at baseline for the participants in the physical therapy and placebo treatment groups.

Physical Therapy Placebo Mean Difference
(N=21) (N=19) (95% CI) P
Participant characteristics
Age (yr) 31(6) 26 (8) 5(0t010) 0.038*
Height (m) 1.68 (0.8) 1.71(0.8) 0.03 (—0.03 to 0.08) 0.335
Weight (kg) 67.7 (14.7) 71.5 (15.6) 3.8(-5.81013.5) 0.431
BMI (kg-m—2) 23.8 (4.1) 24.4(4.0) 0.57 (-2.0t0 3.2) 0.660
Gender 15F6M 12F7M NA 0.577¢
Leg dominance 18R; 3L 17R; 2L NA 0.720?
PFP symptom characteristics
Total duration of symptoms (mo) 41 (45) 24 (27) 17 (=710 41) 0.154
VASW (cm) 7.5(1.5) 7.0(1.5) 0.5(-1.0t00.5) 0.381
VASU (cm) 45 (1.5) 45 (1.5) 0(-1.0t00.5) 0.565
AKPS (100-point scale) 69 (7) 71(10) 2(—4108) 0.468
VASstep (cm) 3.0(1.5) 3.0(2.0) 0.5(-0.51t02.0) 0.259
No. of step-ups (/) 9(7) 7(5) 2(—2t06) 0.292
No. of step-downs (V) 5 (4) 5(4) 1(-2t02) 0.950

Leg dominance leg nominated as preferred to kick a football.

BMI, body mass index; VASW, worst pain in the preceding week, measured using a 10-cm visual analog scale; VASU, usual pain in the preceding week, measured using
a 10-cm visual analog scale; AKPS, anterior knee pain scale; VASstep, amount of pain during stair stepping task, measured using a 10-cm visual analog scale.

2 Chi-square analyses; P < 0.05.

ables that were significantly correlated with changes in
stance-phase knee flexion were then subjected to forward
stepwise multiple regression analyses to identify indepen-
dent predictors.

Sample size of the measurement for stance-phase knee
flexion was calculated on a predetermined difference in
change in peak stance-phase knee flexion between groups of
5°, based on the results of a previous study (27). Sample size
calculations, assuming an SD of 6°, indicate that 38 partic-
ipants were required to have 80% power to detect the 5°
difference. This was increased to 40 to allow for dropouts.

RESULTS

Twenty-one individuals were randomized into the phys-
ical therapy group and 19 into the placebo treatment group.

Baseline Comparability

Participant characteristics and patellofemoral pain char-
acteristics of the physical therapy treatment group and pla-
cebo treatment group are presented in Table 1. In general,
the groups were well matched, but the participants in the
physical therapy group were older than those in the placebo
group. The amounts of patellofemoral pain and disability
were equivalent between the two groups. At baseline, the
amount of knee flexion during stair ambulation was similar
to that in our previous (larger) cohort of individuals with
patellofemoral pain and less than that described in the

healthy cohort (stair ascent: knee flexion at heel strike 72°,
peak knee flexion 74°; stair descent: knee flexion at heel
strike 16°, peak knee flexion 36°) (11). In the present study,
there were no differences in the amount or timing of knee
flexion (P > 0.05) during stair ascent or descent between
the two treatment groups at baseline (Table 2).

Effect of Physical Therapy Intervention on Pain
and Disability

The results of the main RCT on pain and disability are
presented in full in a prior publication (9). Briefly, signifi-
cantly greater improvements in pain were noted in the
present study by the individuals in the physical therapy
group (mean change 3.5 * 1.5 cm) than those in the placebo
group (mean change 2.0 = 1.5 cm).

Effect of Physical Therapy Intervention on
Stance-Phase Knee Flexion

After the 6-wk intervention, participants in the placebo
treatment group were essentially unchanged (Table 2 and
Fig. 1). In contrast, individuals in the physical therapy group
had significant improvements in the amount of knee flexion
at heel strike and peak stance-phase knee flexion. Analyses
of the mean changes in knee flexion between the two treat-
ment groups revealed similar results, with significantly
greater improvements in knee motion in those individuals in
the physical therapy treatment group. The mean (SD) for the

TABLE 2. Stance-phase knee flexion of participants in physical therapy and placebo treatment groups at baseline, final assessment, and mean change.

Baseline Final Mean change
Physical Therapy Placebo Physical Therapy Placebo Physical Therapy Placeho Mean
(N=21) (N=19) (N=21) (N=19) (N=21) (N=19) Difference
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) (95% CI) P
Ascending stairs
Knee flexion at heel strike (°) 65 (11) 64 (12) 69 (8) 66 (9) 4(12) 2(12) 2 (610 10) 0.624
Peak knee flexion (°) 68 (9 67 (11) 71(7) 67 (8) 3(11) 1(10) 2(-5t09) 0.527
Time to peak (%) 9(5) 9 (4) 9(5) 10 (5) -1 (4) 1(4) 1(-2t04) 0.432
Descending stairs
Knee flexion at heel strike (°) 13 (5) 13 (4) 17 (5) 13 (4) 4(4) -1(3) 5(2t07) 0.000
Peak knee flexion (°) 31(7) 34(7) 39 (6) 32 (5) 7(6) —2(4) 9(5t012) 0.000
Time to peak (%) 24 (4) 26 (6) 30 (4) 26 (4) 6(19) 0(5) 6(1t012) 0.082
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FIGURE 1—Representative trace of stance-phase knee flexion for the
physical therapy and placebo treatment groups.

baseline, final, and mean change scores are presented in
Table 2 and the percentage of changes (final — baseline
score/baseline score) are presented in Figure 2.

Relationship between Changes in Stance-Phase
Knee Flexion and Changes in Timing of Vasti
EMG Onset

At baseline, the mean onset of VMO EMG activity was
delayed relative to that of the VL, and these data are pre-
sented in a previous publication (8). Participants were di-
vided into two groups: those whose change in VMO onset
relative to VL onset was =10 ms (N = 18) and those whose
change in VMO relative to VL onset was >10 ms (N = 22).
The amount and timing of stance-phase knee flexion in these
groups were comparable at baseline (P > 0.05) (Table 3). At
the conclusion of the 6-wk intervention, individuals whose
VMO onset timing relative to VL had improved by more
than 10 ms had significantly greater improvements in
stance-phase knee flexion during stair descent (Table 3).
There were no significant differences in knee joint motion
during stair ascent.

During stair descent, bivariate correlations revealed sim-
ilar results with significant but moderate correlations noted
between changes in VMO EMG onset relative to VL with
increases in knee flexion at heel strike (r = 0.39, P = 0.015)
and peak stance-phase knee flexion (r = 0.38, P = 0.019).
No correlations were observed during stair ascent.

70

DOPlacebo
W Physical Therapy

60

Mean percent change +/- SEM

Peak knee
fiexion

Time to peak
knee flexion

Peak knee
flexion

Heelstrike knee
flexion

Time to peak  Heelstrike knee
knee flexion flexion

Ascending Stairs Descending Stairs

FIGURE 2—Mean percentage of change from baseline in stance-phase
knee flexion of the physical therapy and placebo treatment groups.

Relationship between Changes in Stance-Phase
Knee Flexion and Patellofemoral Pain and
Function

There were few correlations with baseline participant
characteristics or patellofemoral pain and disability. During
stair descent, greater improvements in knee flexion were
associated with longer total duration of symptoms (r = 0.44;
P = 0.004) and greater pain, as measured by the VASU (r
= 0.36; P = 0.022). There were no correlations observed
with changes in knee motion during stair ascent.

The changes in pain and disability associated with patel-
lofemoral pain were correlated with changes in stance-phase
knee flexion and the correlation coefficients are provided in
Table 4. Greater change in peak knee flexion during stair
descent was associated with greater improvement in VASU,
with an increase in the number of step-ups and step-downs
that could be performed and with a decrease in the amount
of pain noted during the stair ambulation task. These cor-
relations were moderate, accounting for between 10 and
33% of the variability in the knee flexion. During stair
ascent, there were no significant correlations.

Independent Predictors of Change in Stance-
Phase Knee Flexion during Stair Descent

The variables that were significantly correlated with
changes in the amount of knee flexion during stair descent

TABLE 3. Stance-phase knee flexion of participants at baseline, final assessment, and mean change of those who had no change in the onset of VMO relative to VL and those

who had an earlier onset of VMO relative to VL after physiotherapy.

Baseline Final Mean Change
<10-ms Change >10-ms Change <10-ms Change >10-ms Change <10-ms Change >10-ms Change Mean
(N =18) (N = 20) (N=18) (N = 20) (N=18) (N = 20) Difference
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) (95% CI) P
Ascending stairs
Knee flexion at heel-strike (°) 63 (13) 66 (10) 67 (10) 68 (7) 4 (14) 2(11) 2(—-10to5)  0.586
Peak knee flexion (°) 65 (12) 9 (8) 69 (9) 69 (7) 3(13) 0(9) 3(-10to4) 0431
Time to peak (%) 9(6) 9 (4) 0(4) 0(4) 1(-4102) 0.565
Descending stairs
Knee flexion at heel-strike (°) 14 (4) 12 (5) 13 (5) 17 (5) -1(3) 5(3) 6(3t08) 0.000
Peak knee flexion (°) 32 (6) 33(8) 33 (6) 38 (6) 0(5) 6(7) 6(2t010) 0.008
Time to peak (%) 25(7) 25 (4) 26 (4) 27 (4) 2(7) 1(4) 0(-4to04) 0.961
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TABLE 4. Correlations of changes in stance-phase knee flexion with changes in patellofemoral pain and disability.

Ascending Stairs

Descending Stairs

Changes in Variables Knee Flexion Peak Knee Knee Flexion Peak Knee
(Final-Baseline at Heel-strike Flexion Time to Peak at Heel-strike Flexion Time to Peak
Scores) ) () (%) () () (%)

VASU (cm)

r —-0.235 —0.205 0.379 —-0.402 —-0.572 —0.284

P 0.144 0.204 0.016 0.010 0.000 0.076
AKPS

r 0.050 —-0.015 —-0.425 0.223 0.309 0.231

P 0.758 0.927 0.006 0.167 0.053 0.152
No. of step-ups (/)

r 0.171 0.177 -0.211 0.284 0.364 0.154

P 0.291 0.273 0.191 0.076 0.021 0.342
No. of step-downs (N)

r 0.204 0.189 —-0.257 0.259 0.317 0.085

P 0.206 0.242 0.110 0.107 0.046 0.604
VASstep (cm)

r 0.030 0.048 0.134 —-0.289 -0.317 —0.041

P 0.854 0.768 0.409 0.070 0.046 0.803

VASU, usual pain in the preceding week, measured using a 10-cm visual analog scale; AKPS, anterior knee pain scale; VASstep, amount of pain during stair stepping task, measured

using a 10-cm visual analog scale.

were subjected to a multiple regression analysis (Table 5).
Forward stepwise regression identified that change in onset
timing of VMO relative to VL and improvements in VASU
were independent predictors of change in the amount of
knee flexion at heel strike and together accounted for 27%
of the variability in the data. The same variables were
related to improvements in peak knee flexion, accounting
for 40% of the variability in knee motion. The other vari-
ables that were identified as being associated with changes
in knee motion (number of step-ups, number of step-downs,
and pain on stair ambulation) through bivariate correlations
did not independently predict changes in peak knee flexion.

DISCUSSION

The assessment of gait impairments is a novel inclusion in
the evaluation of a physical therapy intervention for patel-
lofemoral pain. Although restoration of normal function is a
desirable outcome of a successful treatment, this has not
been measured previously in a controlled clinical trial. The
physical therapy treatment was designed to reduce the pain
associated with patellofemoral pain and improve the func-
tion of the PFJ. The treatment regimen focused on retraining
the function of the vasti in general and the VMO in partic-
ular. At baseline, participants in the physical therapy group
demonstrated a significantly greater improvement in peak
stance-phase knee flexion and in knee flexion at heel strike
during stair descent than those participants who received
placebo treatment. At heel strike, knee flexion improved by
an average of 4° (31%), whereas peak stance-phase knee
flexion improved by 7° (22%) during stair descent. The

mean amount of stance-phase knee flexion at the completion
of the 6-wk trial was similar to that observed in healthy
control participants in our previous study (11).

In contrast, no differences between the physical therapy
and placebo groups were found for change in any gait
parameter during stair ascent. Although there was a trend for
the physical therapy group to show greater improvements
than the placebo group (mean difference in the physical
therapy group of 3—4°), the stance-phase knee flexion in this
active treatment group did not reach the values of those
noted in healthy participants (11), indicating maintenance of
the original deficit. Because the physical therapy treatment
in this study emphasized vasti retraining during eccentric
activities (squats and step-downs), it is possible that im-
provements in vasti neuromotor control were greater in the
eccentric quadriceps activity associated with stair descent
rather than the concentric quadriceps activity associated
with stair ascent. Similarly, changes in time to peak stance-
phase knee flexion were not evident with treatment. This
may reflect the fact that deficits were not present initially,
when compared with results obtained from healthy individ-
uals (11). The timing of the peak stance-phase knee flexion
appears to be a fairy stable measure within an individual.

There are a number of possible explanations for the
greater reduction in stance-phase knee flexion during stair
descent seen in participants in the physical therapy treat-
ment group in the current trial. Improvements in the neu-
romotor control of the vasti may affect patellar tracking, and
thus function, during gait. Alternatively, the gait adaptations
may be reversed in association with pain reduction. It is not
possible to comment on whether the changes in kinematics

TABLE 5. Forward stepwise regressions of changes in knee flexion with predictors of change.

r? B SE P
Change in knee flexion at heel-strike (descending stairs)
Change in onset timing of VMO-VL (descending stairs) 0.164 0.042 0.019 0.032
Change in usual pain in preceding week 0.268 —0.838 0.374 0.032
Change in peak knee flexion (descending stairs)
Change in usual pain in preceding week 0.327 —1.980 0.520 0.001
Change in onset timing of VMO-VL (descending stairs) 0.403 0.056 0.026 0.041
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observed in this study resulted from or contributed to the
changes seen in vasti neuromotor control or pain and
disability.

Changes in Stance-Phase Knee Flexion Are
Associated with Improvements in Neuromotor
Control of the Vasti

Neuromotor control of the vasti is one of the factors
thought to influence patellar tracking (15). Therefore, al-
though the physical therapy intervention in this study con-
tained a number of components, it focused on the retraining
of motor control of the vasti. As previously discussed, our
research team established that the participants in this RCT
exhibited an imbalance in the activation of VMO and VL at
baseline (8) and that the physical therapy intervention re-
sulted in greater improvements in the onset timing of VMO
relative to VL than the placebo treatment (5). Thus, in
addition to reducing pain, this physical therapy intervention
program restored the neuromotor control of the vasti, po-
tentially enhancing quadriceps function and leading to an
improved ability to withstand the greater PFJ loads associ-
ated with increases in knee flexion during stance-phase.

Changes in Stance-Phase Knee Flexion Are
Related to Improvements in Pain and Disability

The physical therapy intervention in this study produced
a significantly greater reduction in pain than the placebo
treatment. It is possible that the greater pain relief experi-
enced by participants in the physical therapy group resulted
in a heightened ability to tolerate the greater load associated
with an increase in stance-phase knee flexion or expand the
envelope of function as described by Dye (12). Although
kinetic analyses were not performed in this study, the in-
creased range of knee flexion used by those in the physical
therapy intervention may suggest an improvement in shock
attenuation and tolerance of the increased PFJ reaction
force.

Further evidence to support the association between
changes in gait kinematics and improvements in pain can be
found from the correlations between changes in sagittal
plane knee motion and pain reduction. During stair descent,
greater improvements in peak stance-phase knee flexion
correlated moderately with improvements in worst pain,
usual pain, and pain during stair descent in the preceding
week. In addition, the increases in peak stance-phase knee
flexion were correlated with the improvements in the num-
ber of step-ups and step-downs that could be performed and
with the amount of pain experienced during the testing
procedure. Although significant, these correlations were not
strong. Therefore, although pain reduction probably ac-
counts for some of the improvements in knee flexion during
stance-phase of stair descent, other factors must be consid-
ered. These may include improvements in quadriceps func-
tion and vasti neuromotor control.

The two previous studies that examined gait impairment
as an outcome reported mixed results (3,27). One case series
failed to find changes in the amount of stance-phase knee
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flexion after an effective intervention that resulted in pain
reduction (3). The difference in knee flexion at the comple-
tion of the physical therapy intervention was approximately
2°. The most obvious difference between the current study
and that of Chesworth and coworkers (3) is the physical
therapy intervention. Chesworth et al. (3) used a nonstand-
ardized treatment that included icing, stretching, and
strengthening but not specific functional retraining of the
quadriceps. It is possible that the treatment had little effect
on quadriceps function and thus no improvements were
observed in stance-phase knee flexion.

In contrast, Powers and coworkers (27) found that patellar
taping resulted in pain reduction and a significant short-term
change in stance-phase knee flexion during stair ambulation
of 4.6°. Although the magnitude of this change was small
(average 3.4°), the authors suggested that the participants
demonstrated a greater ability to load the knee joint with
confidence during all gait conditions. In addition, patellar
tape has been associated with short-term improvements in
neuromotor control of the vasti (7,15) and quadriceps func-
tion (13,18,20). Therefore, it is possible that the improve-
ments in gait associated with tape were a function of im-
proved neuromotor control in addition to reductions in pain.

Clinical Implications

Although it is not known what the specific effects of
small changes in knee joint motion are, ambulating with
reduced knee flexion may reduce quadriceps activity, de-
crease active shock attenuation (21,26), and increase load-
ing (14). Therefore, although pain reduction is the primary
treatment aim, it also desirable to reverse any gait abnor-
malities associated with patellofemoral pain. The current
project demonstrated that such an effect can be attained with
a physical therapy program, but for the clinician, these
changes in knee flexion are unlikely to be able to be as-
sessed using visual examination. However, the data collec-
tion system is quite simple (video assessment) and it is
possible that clinicians may be able to incorporate a more
objective measure of knee joint function during gait into
their clinical evaluation of treatment outcome. Interestingly,
this physical therapy intervention was able to affect a change in
gait kinematics without any specific gait retraining.

CONCLUSION

In our previous study (11), individuals with patellofemo-
ral pain were found to walk up and down stairs with less
knee flexion than healthy individuals. The current study
identified that a physical therapy intervention aimed at re-
ducing pain and disability through improving the neuromo-
tor control of the vasti successfully increased the amount of
stance-phase knee flexion in individuals with patellofemoral
pain. In addition, these changes in stance-phase knee flexion
were partly related to reductions in pain and disability and
to improvements in the vasti neuromotor function. This
study used an objective measure of impairment to provide
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further evidence of a beneficial effect of physical therapy
treatment.
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