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Landing Pattern Modification
to Improve Patellofemoral Pain
in Runners: A Case Series

P

atellofemoral pain (PFP) is one of the most common overuse
injuries of the lower extremity. It affects 10% to 20% of the
general population18 and is associated with higher risk of injury
in active females.34 The findings of a previous study suggested
that a history of PFP increases the risk for subsequent development of
patellofemoral osteoarthritis.35 The nature of PFP is multifactorial, and
many risk factors have been associated with this condition.5,10 Locally,
imbalance of the quadriceps musculature25 and maltracking of the patella24
are 2 potential factors that may lead to
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TTBACKGROUND: Patellofemoral pain is a com-

mon overuse injury in runners. Recent findings
suggest that patellofemoral pain is related to highimpact loading associated with a rearfoot strike
pattern. This case series describes the potential
training effects of a landing pattern modification
program to manage patellofemoral pain in runners.

TTCASE DESCRIPTION: Three female runners

with unilateral patellofemoral pain who initially
presented with a rearfoot strike pattern underwent
8 sessions of landing pattern modification program
using real-time audio feedback from a force sensor
placed within the shoe. Ground reaction forces
during running were assessed with an instrumented treadmill. Patellofemoral pain symptoms
were assessed using 2 validated questionnaires.
Finally, running performance was measured by
self-reported best time to complete a 10-km
run in the previous month. The runners were
assessed before, immediately after, and 3

PFP. Through the linkage of the kinematic chain, hip muscle weakness11,29 and
excessive foot pronation20 have also been
months following training.

TTOUTCOMES: The landing pattern of runners

was successfully changed from a rearfoot to a nonrearfoot strike pattern after training. This new pattern was maintained 3 months after the program.
The vertical impact peak and rates of loading were
shown to be reduced. Likewise, the symptoms
related to patellofemoral pain and associated
functional limitations were improved. However,
only 1 of the participants reported improved
running performance after the training.

TTDISCUSSION: This case series provided

preliminary data to support further investigation
of interventions leading to landing pattern
modification in runners with patellofemoral pain.
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proposed to lead to the development of
PFP. Therefore, different treatment approaches6,11 have been evaluated in the
management of PFP.
Running is a popular sport worldwide.
According to an epidemiological study, 36
the overall annual rate of running injury
ranges from 37% to 56%. The incidence
rate, calculated according to running
time, is between 2.5 to 12.1 injuries per
1000 hours of running, with the knee
being the most vulnerable joint. Among
those knee injuries, PFP is the most
common condition. PFP in runners has
been linked to abnormal lower extremity
movement patterns4,22 and weaknesses
of hip muscles.33 However, the role of
abnormal kinetics in the development of
PFP has not been fully examined. Vertical impact loading has been associated
with a number of conditions, including
plantar fasciitis,27 tibial stress fractures,28
and knee osteoarthritis.13,23 A recent pilot study suggested that runners with a
history of PFP may exhibit a higher impact peak and loading rate than healthy
runners.9
Approximately 75% of runners make
initial contact with the ground using a
rearfoot strike pattern (ie, they land on
their heels).12 This rearfoot strike pattern
results in a very distinct vertical impact
peak, which may be eliminated or signifi-
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cantly reduced with a midfoot strike or
forefoot strike landing pattern. Previous
studies have reported that vertical impact
peak (VIP), average vertical loading rate
(AVLR), and instantaneous vertical loading rate (IVLR) are lower in runners with
midfoot and forefoot strike patterns than
those with a rearfoot strike pattern.1,2
It has also been shown that the peak
knee joint net extensor moment is reduced when running with a midfoot
strike compared to a rearfoot strike
pattern.37 Consequently, this may have
the effect of reducing the magnitude of
patellofemoral joint contact force. Additionally, the reduced load rate of the vertical ground reaction force may translate
into lower rates of loading at the patellofemoral joint. Because human tissue is
viscoelastic, its loading response is time
dependent and less prone to injury at
lower rates of loading.17,30 For these reasons, a midfoot or forefoot strike pattern
may be beneficial in reducing symptoms
in runners with PFP.
The purpose of this case series was to
examine the effect of a novel intervention on reducing vertical load rates and
improving pain and function in runners
with PFP. If high rates of loading are associated with PFP, it is logical to expect
PFP to diminish with changes in landing
pattern that reduce loading magnitude
and rates. To date, there are no data to
support the use of landing pattern modification training in runners with PFP.

CASE DESCRIPTION

T

hree female runners between
the ages of 26 and 32 years, who ran
between 20 and 30 km per week,
were recruited from a local running club.
All were diagnosed with PFP by an orthopaedic surgeon. The participants
were screened by a physical therapist
to exclude any symptoms attributable
to ligament, meniscus, tendon, or other
soft tissue lesions. All 3 runners reported the presence of symptoms related to
PFP for at least 12 months prior to beginning the gait retraining program, and

TABLE 1
Characteristics

Participant Demographics
Runner 1

Runner 2

Height, m

1.62

1.70

Runner 3
1.68

Mass, kg

45.0

51.2

48.0

BMI, kg/m2

17.0

17.1

17.6

Running experience, y

3

5

5

Average running distance, km/wk

20

30

30

Duration of patellofemoral pain symptoms, y
Affected side

2.5

4.0

3.5

Right

Right

Left

Abbreviation: BMI, body mass index.

all 3 failed to improve when previously
treated with a more traditional physical
therapy program consisting of quadriceps
training, hip strengthening, and electrotherapy. Data from insole sensors (Pedar Novel GMBH, Munich, Germany),
worn while running on a treadmill, were
used to confirm that the 3 runners used
a rearfoot strike pattern when running.
In addition, all the participants were free
from any cardiovascular or orthopaedic
condition except PFP. Their demographics, running experience, regular training
mileage, and information about PFP are
provided in TABLE 1. The experimental
procedures were reviewed and approved
by The Ethics Review Committee of the
Hong Kong Polytechnic University, and
all the participants provided written informed consent before participation.

Evaluation
All 3 runners were invited to our laboratory for 3 identical testing sessions.
In addition to the pretraining and posttraining testing sessions, the participants
were evaluated at a 3-month follow-up.
Participants did not receive any other
treatment or rehabilitation program
throughout the duration of the study.
In each testing session, runners performed a standardized warm-up, including lower extremity stretching exercises
and 15 minutes of light-resistance cycling
before the running evaluation. They then
ran on an instrumented treadmill (Zebris
FDM; Zebris Medical GmbH, Allgäu,
Germany) at 10 km/h, while wearing

standardized test shoes (Supernova
Cushion; Adidas, Portland, OR). The
treadmill had an embedded pressure mat
containing more than 15 000 pressure
sensors, from which data were integrated
to produce the vertical ground reaction
force. Once the runners demonstrated a
stable running pattern, data were sampled at 200 Hz for 10 seconds. Though
this sampling frequency was relatively
low compared to other studies of ground
reaction forces, the focus of this study
was on the vertical ground reaction force
during the impact phase, which typically
lasts 20 to 30 milliseconds and occurs at
a frequency of 30 to 50 Hz.3,15 The Nyquist-Shannon sampling theorem recommends that data be sampled at a rate of
at least twice the frequency of the signal
of interest.31 Therefore, a sampling rate
of 200 Hz (4 times the signal frequency) should have adequately protected
against signal aliasing. Ground reaction
force data were filtered using a 50-Hz
low-pass Butterworth filter. The VIP,
AVLR, and IVLR were obtained by the
method described by Crowell and Davis.8
These early impact variables were chosen for their demonstrated association
with various running injuries, including
PFP.9,13,23,27,28 All variables were averaged
across 12 contacts from the symptomatic
lower extremity within a 10-second window. Two validated questionnaires were
used to assess pain and function. The
first, the Kujala Scale,16 consisted of 13
multiple-choice questions that measured
the severity of signs and symptoms and
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Results of Retraining

Measure

Runner 1

Runner 2

Runner 3

Landing pattern accuracy, % of nonrearfoot strike
Pretraining

0

0

0

Posttraining

93

100

100

3-mo follow-up

100

100

93

Pretraining

1.7  0.1

1.7  0.2

1.3  0.1

Posttraining

1.4  0.1

1.5  0.1

1.1  0.1

3-mo follow-up

1.4  0.2

1.5  0.1

1.1  0.2

Kinetics (mean  SD)
Vertical impact peak, BW
FIGURE 1. Audio biofeedback device and force
transducer affixed to the rearfoot area of the shoe
insole.

Average loading rate, BW/s

the extent of limitations in functional
activities related to PFP. An overall score
of 0 (worst) to 100 (normal knee without symptoms and no restriction to daily
functions) indicated the severity of PFP.
The second measure of pain and function
was the PFP Scale. Designed by Laprade
and Culham,19 this scale encompassed 10
statements presented in a visual analog
format, regarding patellofemoral pain.
An overall score of 0 (no pain) to 100
(worst pain imaginable) indicated the severity of PFP. The excellent reliability of
these 2 instruments has been established
by previous studies.19,32 The minimal
clinically important difference (MCID)
of the Kujala Scale is 8 to 10 points, according to a database containing 20 individuals with PFP.7 Unfortunately, there
is no reported MCID value for the PFP
Scale. To assess running performance,
the participants also reported their best
time to complete a 10-km run in the previous month.

Gait Retraining
The runners participated in 8 sessions
of landing pattern modification training
over 2 weeks (4 sessions per week). A force
transducer (Digi-Key Corp, Thief River
Falls, MN), connected to an audible buzzer
and synchronized with the instrumented
treadmill, was used to generate feedback.
The transducer was placed inside the shoe
of the symptomatic lower extremity (FIGURE 1), under the calcaneus, and issued a
warning beep when the individual landed

Pretraining

48.2  6.9

55.8  7.6

41.4  8.5

Posttraining

37.7  7.7

38.7  8.3

35.2  8.6

3-mo follow-up

35.5  7.6

36.2  8.0

34.9  8.2

Instantaneous loading rate, BW/s
Pretraining

69.6  7.0

72.3  7.9

60.8  8.1

Posttraining

51.7  7.5

52.2  7.9

50.8  8.7

3-mo follow-up

50.7  7.8

49.0  8.0

52.4  8.8

Symptoms, %
Kujala Scale*
Pretraining

87

72

85

Posttraining

94

85

96

3-mo follow-up

94

90

95
22.7

Patellofemoral Pain Scale†
Pretraining

29.7

41.0

Posttraining

10.2

30.6

9.1

3-mo follow-up

8.8

25.9

7.8

Running performance, min
Self-reported best 10-km time in recent month
Pretraining

62

67

61

Posttraining

62

66

60

3-mo follow-up

62

62

61

Abbreviation: BW, participant’s body weight.
*Lower number indicates greater functional limitations associated with patellofemoral pain.
†
Lower number indicates less patellofemoral pain.

on the heel. During the training, the participants were asked to run on a treadmill
at their self-selected pace. Runners were
instructed to eliminate the buzzer noise by
shortening their stride length and avoiding a rearfoot strike landing. The run
time and feedback schedule described by
Crowell and Davis8 was followed. The run
time was incrementally increased from 15
minutes to 30 minutes over the 8 sessions.
The audio feedback was progressively removed in the last 4 sessions. The ground
reaction forces were again assessed fol-

lowing the end of training. The runners
were also advised to maintain their new
running pattern during their regular running practice after the training. They returned to complete another gait analysis
assessment 3 months following the end of
their training.

OUTCOMES

A

fter the landing pattern modification program, the runners were
able to eliminate heel strike in 90%
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1.8

3.5

Impact Peak, BW

1.6
3.0

1.2
1.0
0.8
0.6
0.4
0.2
0.0

2.0

Runner 1

Runner 2

Runner 3

Runner 1

Runner 2

Runner 3

Runner 1

Runner 2

Runner 3

60

1.5

Loading Rate, BW/s

Ground Reaction Force, BW

2.5

1.4

1.0

0.5

50
40
30
20
10
0

0.0

Runner 1 posttraining
Runner 3 pretraining

Runner 2 pretraining
Runner 3 posttraining

FIGURE 2. Vertical ground reaction force (GRF) curves before and after the biofeedback training program.

of their footfalls (TABLE 2). Participants
demonstrated reductions between 10.9%
and 35.1% in VIP, IVLR, and AVLR after
the training program (FIGURE 2). These
reductions were maintained 3 months
after training (FIGURE 3). Additionally,
the pain scores on the PFP Scale were
improved by 10.4 to 19.5 points. The Kujala Scale score was increased by 7 to 13
points across runners (TABLE 2). Running
performance was improved in 1 of the
participants (runner 2), who reported a
5-minute decrease in her 10-km run time
(TABLE 2).

DISCUSSION

T

his small case series presents
preliminary findings to support a
novel intervention for runners with
PFP. All 3 female participants were able
to alter their landing patterns following
8 sessions of gait retraining using audio
biofeedback. Changes were maintained
at a 3-month follow-up. These changes
were associated with reductions in pain
and improvements in function.
This case series supports the success-

ful outcomes of other retraining studies
of similar intensity. Crowell and Davis8
reported that runners were able to reduce the impact peak after 8 sessions of
visual feedback training and to maintain
this reduction 1 month after training. In
a previous study, the runners were not
instructed on how to alter their gait and
might have used different strategies to
reduce their impact loading; conversely,
this study standardized the intervention
with instructions and audio feedback on
a specific modification in landing pattern.
In another training program described by
Noehren et al,26 10 runners with PFP underwent a gait reeducation program for
8 sessions to reduce hip internal rotation
and adduction, using real-time visual
feedback. The participants in that study
demonstrated improvement in hip biomechanics, as well as an 86% reduction
in pain during activity and an 11-point
improvement on the Lower Extremity
Functional Index 1 month posttraining.
Although the current case series focused
on mechanics different from those addressed by Noehren et al,26 improvements
in pain and function in its 3 participants

Loading Rate, BW/s

80

Runner 1 pretraining
Runner 2 posttraining

70
60
50
40
30
20
10
0

Pretraining
Posttraining
3-month follow-up

FIGURE 3. Vertical impact peak (A) and average
(B) and instantaneous (C) vertical loading rates
before and after the biofeedback training program.
Abbreviation: BW, participant’s body weight.

were similar to those reported in the latter study.
Recent publications recommend
barefoot running rather than running
with shoes, because barefoot running
promotes a midfoot strike or a forefoot
strike landing pattern and results in reduced impact peak and loading rates.14,21
The current program indirectly altered
the running kinetics by avoiding rearfoot
strike landing pattern. Vertical impact
loading (quantified as VIP, AVLR, and
IVLR) was reduced in all 3 runners after
the program. The amount of reduction in
VIP in this case series was similar to the
change reported in the study by Altman
and Davis,1 who compared the difference
in kinetics between runners with rearfoot
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[
strike and midfoot strike patterns. The
runners in our case series demonstrated
greater reductions in AVLR (15.1%35.1%) and IVLR (13.7%-32.3%) than
those reported by Altman and Davis1
(12%-16%).
In this case series, the change in
Kujala Scale scores in 2 of the runners
exceeded the MCID for this outcome
measure, indicating that the observed
changes were clinically relevant. The improvement presented in the other runner
(runner 1) was marginally relevant. Although there is no reference MCID value
for the PFP Scale, an improvement in
scores on the PFP Scale by 37% to 70%
may be regarded as clinically meaningful. While all 3 participants demonstrated reductions in PFP after training,
only 1 runner reported improvement in
her 10-km run time. Interestingly, this
runner presented with the greatest initial level of PFP and the slowest 10-km
time. Therefore, her success might be
due to the fact that she had the greatest
opportunity for improvement among the
3 participants.
Previous approaches to manage PFP
have focused on, among other interventions, quadriceps training,25 patella taping,24 hip strengthening,11,29 and foot
postural alignment correction.4 However,
none of these interventions directly address underlying running mechanics that
may be contributing to this injury. This
preliminary investigation suggests that
retraining landing pattern addresses one
of these underlying issues.
We hypothesize that the change in
external mechanics had a beneficial effect on the loading of the patellofemoral
joint. While joint kinetics were not measured in this study, other studies have
demonstrated a reduced knee extension
moment with a more midfoot or forefoot
strike pattern.37 It is likely that lower
rates of external loading associated with
change in strike pattern reduce the loading rates at the patellofemoral joint level,
which may account for the improvement
in pain and function experienced by the
3 runners in this case series.

case report

]

CONCLUSION

T

he results of this case series
suggest that gait retraining to reduce loading in runners with PFP
has promise and may provide a basis for
conducting a larger scale study. t
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