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Patellofemoral pain is the most common pathology in runners. Mid/fore foot runners
experience lower patellofemoral loading compared to those who use a rearfoot strike.
The aim of this study was to examine the efficacy of a 10-week intervention allowing
runners with patellofemoral pain to transition from a rearfoot strike pattern. Nine male
runners with patellofemoral pain were given a graduated 10-week program which
allowed them to convert their habitual rearfoot strike pattern. Lower extremity
kinematics, tibial accelerations, loading rates, patellofemoral kinetics and Achilles
tendon kinetics were collected. Self-reported knee and Achilles tendon pain were
examined using the Knee injury and Osteoarthritis Outcome Score and numeric pain
rating scale. Data were collected before and after the 10-week transition. Reductions
were found in peak patellofemoral force/ pressure (pre transition = 4.76BW &
13.10MPa & post transition = 4.27BW & 11.48MPa). Improvements were shown for
Knee injury and Osteoarthritis Outcome Score subscales pain (pre transition = 62.04 &
post transition = 78.41), sport (pre transition = 53.61 & post transition = 72.67), function
and daily living (pre transition = 67.68 & post transition = 80.08). Increases were
however found for peak Achilles tendon force (pre transition = 5.07BW & post transition
= 5.58BW) and Achilles tendon pain (pre transition = 1.06 & post transition = 2.67).
Transitioning from a rearfoot strike pattern reduces patellofemoral loading and pain
symptoms. The key implication is that rearfoot strike runners with patellofemoral pain
can reduce their pain symptoms by altering their footstrike pattern; although this may
be at the expense of increased pain at the Achilles tendon.
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Abstract

Patellofemoral pain is the most common pathology in runners. Mid/fore foot runners
experience lower patellofemoral loading compared to those who use a rearfoot strike.
The aim of this study was to examine the efficacy of a 10-week intervention allowing
runners with patellofemoral pain to transition from a rearfoot strike pattern. Nine male

runners with patellofemoral pain were given a graduated 10-week program which
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allowed them to convert their habitual rearfoot strike pattern. Lower extremity
kinematics, tibial accelerations, loading rates, patellofemoral kinetics and Achilles
tendon kinetics were collected. Self-reported knee and Achilles tendon pain were
examined using the Knee injury and Osteoarthritis Outcome Score and numeric pain
rating scale. Data were collected before and after the 10-week transition. Reductions
were found in peak patellofemoral force/ pressure (pre transition = 4.76BW &
13.10MPa & post transition = 4.27BW & 11.48MPa). Improvements were shown for
Knee injury and Osteoarthritis Outcome Score subscales pain (pre transition = 62.04
& post transition = 78.41), sport (pre transition = 53.61 & post transition = 72.67),
function and daily living (pre transition = 67.68 & post transition = 80.08). Increases
were however found for peak Achilles tendon force (pre transition = 5.07BW & post
transition = 5.58BW) and Achilles tendon pain (pre transition = 1.06 & post transition
= 2.67). Transitioning from a rearfoot strike pattern reduces patellofemoral loading
and pain symptoms. The key implication is that rearfoot strike runners with
patellofemoral pain can reduce their pain symptoms by altering their footstrike

pattern; although this may be at the expense of increased pain at the Achilles tendon.

Introduction

Runners are regarded as being highly susceptible to chronic pathologies (Taunton et
al., 2003), with an incidence of 19.4-79.3% over the course of one year (Van Gent et
al., 2007). Patellofemoral pain syndrome has been shown to be the most common

chronic pathology in runners (Ahn et al., 2014).

Patellofemoral pain syndrome presents as pain in the posterior aspect of the patella

mediated through overuse and excessive loading of the patellofemoral joint itself
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during cyclical dynamic activities such as running (Besier et al., 2005). Pain
associated with patellofemoral disorders can be debilitating and can severely restrict
runners’ ability to train (Witvrouw et al., 2013). Patellofemoral pain symptoms are
difficult to treat and can persist for many years (Nimon et al., 1998). It has been
shown that between 45-64% of those who exhibit pain symptoms later present with

radiographic evidence of osteoarthritis at the patellofemoral joint (Crosslet, 2014).

The concept of footstrike patterns in runners has received considerable attention in
biomechanics literature (Liebermann et al., 2010). Runners are categorized into one
of three footstrike classifications; rearfoot strikers (RF), midfoot strikers (MF), and
forefoot strikers (FF) on the basis of their foot position at the instant of initial ground
contact (Kulmala et al., 2013). Around 80% of runners utilize a RF strike pattern
(Williams et al., 2000), because MF and FF strike runners are a minority they are
typically grouped together and termed FF (Ahn et al., 2014). FF strike runners utilize
a shorter stride length and an enhanced stride frequency which serve to reduce the
duration over which the stance phase occurs (Divert et al., 2008; Sinclair et al., 2013;
Squadrone & Gallozzi, 2009). Alterations in stride length/ frequency also facilitate
mechanical alterations in lower extremity alignment; FF strike runners utilize
increased plantarflexion of the ankle joint and flexion of the knee joint at the instance
of footstrike (Kulmala et al., 2013; Sinclair et al., 2013; Squadrone & Gallozzi, 2009;

Sinclair, 2014).

Biomechanical research has contrasted the running mechanics of those who utilize
rearfoot and non-rearfoot strike patterns. Liebermann et al., (2010) and Cavanagh &

Lafortune (1980) contrasted vertical ground reaction force parameters between RF
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and FF strike runners. Their findings showed that FF strike running was
characterized by the absence of an impact peak and also a reduction in the loading
rate of the vertical ground reaction force. Hamill et al., (2014) contrasted knee and
ankle joint stiffness characteristics in RF and FF strike runners. Their findings
indicated that FF runners exhibited increased knee stiffness and decreased ankle
stiffness in relation to RF strike runners. Kulmala et al., (2013) examined differences
in patellofemoral and Achilles tendon kinetics between RF and FF strike runners.
Their observations showed that rearfoot strike runners were associated with
significantly larger patellofemoral kinetics whereas forefoot strike runners exhibited

significantly greater Achilles tendon loads.

The observations of Kulmala et al., (2013), lead to the notion that FF strike runners
may be associated with a reduced susceptibility to patellofemoral pain in relation to
those who adopt a RF pattern. This conjecture is supported by the findings of the
retrospective study conducted by Daoud et al., (2012) which demonstrated that FF
strike runners are twofold less likely to suffer from a chronic knee pathology in
comparison to RF strikers. Although most runners have a habitual and autonomous
landing strategy, recent evidence has shown that RF strike runners can convert their

running pattern to a FF technique (Williams et al., 2000; Moore et al., 2015).

Therefore, the aim of the current investigation was to investigate the efficacy of a 10
week intervention which allowed runners to transition from a RF to a FF footstrike
pattern in runners with patellofemoral pain. Research of this nature may improve

understanding of conservative management of patellofemoral pain and also provide
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runners with a key treatment mechanism. The current study tests the hypothesis that

following the 10-week intervention runners pain symptoms will improve.

Methods

Participants

Nine male recreational runners volunteered to take part in this study. The mean
characteristics of the participants were: age 29.33 = 4.21 years, height 1.72 + 0.11 m
and body mass 69.11 + 5.66 kg. Each runner initially exhibited a RF strike pattern
which was verified by the presence of an impact peak in their vertical ground reaction
force curve (Cavanagh & Lafortune, 1980) and also through individual examination of
participant's sagittal plane ankle positions at foot strike (Sinclair et al., 2015).
Participants were included into the study only if they showed symptoms of
patellofemoral pain and no evidence of any other pathology. Patellofemoral pain
diagnosis was made as a function of the clinical presentation of symptoms in
accordance with the recommendations of Crossley et al.,, (2002). Participants
provided written informed consent in accordance with the principles outlined in the
Declaration of Helsinki. The procedure utilized for this investigation was approved by
the University of Central Lancashire, Science, Technology, Engineering and

Mathematics, ethical committee REF 381.

Transition programme

Following initial data collection each participant was given a structured programme of
running using a FF strike pattern and exercises designed to reduce the likelihood of
injury (Table 1). Instructions for changes in running technique were provided taking

into account and adapting where appropriate previous observations from
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biomechanics literature. Specifically, participants were instructed to 1. Increase their
cadence and to decrease their stride length (Liebermann et al., 2010; Warne et al.,
2014), 2. Run with light footfalls, landing on the ball of the foot (Warne et al., 2014;
Crowell et al., 2011), and 3. Keep the head up and run as tall as possible
(Liebermann et al., 2010; Warne et al., 2014). The program allowed runners to
continue their normal training load but increased the proportion of total mileage in
which a FF strike pattern was used by 10% each week, thus exposure FF strike
running was gradually increased (Moore et al.,, 2015; Warne et al., 2014). Four
strengthening exercises and four stretching exercises were provided to participants in
order to prevent injury during the transition (Warne et al., 2014); these were also

introduced in a graduated manner.



Procedure

Participants were required to report to the laboratory on two occasions. On their
initial visit to the laboratory they were required to complete ten running trials at 4.0
m/s. Running velocity was monitored using infra-red timing gates (SmartSpeed Ltd,
Cardiff, UK) and a maximum deviation of 5% was allowed. The stance phase of the
running cycle was delineated as the time over which a minimum of 20 N vertical
force was applied to the force platform. Participants also completed the Knee injury
and Osteoarthritis Outcome Score (KOOS) questionnaire in order to obtain a
baseline measure of their knee pain. Finally, because FF strike running has been
shown to increase the loads borne by the Achilles tendon (Kulmala et al., 2013),
participants were also asked to rate their Achilles tendon pain using the numeric pain
rating scale (NPS). Following the 10 week intervention participants returned to the
laboratory where the protocol was repeated. Participants wore laboratory footwear

for their data collection (New Balance 1260 v2), in sizes 7-11 UK).

Kinematic information from the lower extremity joints was obtained using an eight
camera motion capture system (Qualisys Medical AB, Goteburg, Sweden) using a
capture frequency of 250 Hz. Dynamic calibration of the system was performed
before each data collection session. Calibrations producing residuals <0.85 mm and
points above 4000 in all cameras were considered acceptable. To measure kinetic
information an embedded piezoelectric force platform (Kistler National Instruments,
Model 9281CA) operating at 1000 Hz was utilized. The kinetic and kinematic
information were synchronously obtained and interfaced using Qualisys track

manager.



To quantify lower extremity kinematics, the calibrated anatomical systems technique
was utilized (Cappozzo et al., 1995). Retroreflective markers (19 mm) were
positioned unilaterally allowing the; foot, shank and thigh to be defined. The foot was
defined via the 1st and 5th metatarsal heads, medial and lateral malleoli and tracked
using the calcaneus, 1st metatarsal and 5th metatarsal heads. The shank was
defined via the medial and lateral malleoli and medial and lateral femoral epicondyles
and tracked using a cluster positioned onto the shank. The thigh was defined via the
medial and lateral femoral epicondyles and the hip joint centre and tracked using a
cluster positioned onto the thigh. To define the pelvis additional markers were
positioned onto the anterior (ASIS) and posterior (PSIS) superior iliac spines and this
segment was tracked using the same markers. The centers of the ankle and knee
joints were delineated as the mid-point between the malleoli and femoral epicondyle
markers (Graydon et al., 2015; Sinclair et al., 2015). The hip joint centre was
determined using a regression equation that uses the positions of the ASIS markers
(Sinclair et al., 2014). Each tracking cluster comprised four retroreflective markers
mounted onto a thin sheath of lightweight carbon-fibre. Static calibration trials were
obtained allowing for the anatomical markers to be referenced in relation to the
tracking markers/ clusters. The Z (transverse) axis was oriented vertically from the
distal segment end to the proximal segment end. The Y (coronal) axis was oriented in
the segment from posterior to anterior. Finally, the X (sagittal) axis orientation was

determined using the right hand rule and was oriented from medial to lateral.

To measure axial accelerations at the tibia an accelerometer (Biometrics ACL 300,
Gwent United Kingdom) sampling at 1000 Hz was used. The accelerometer was

attached onto a piece of lightweight carbon-fibre material using the protocol outlined



by Sinclair et al., (2013). The tibial accelerometer was strapped securely to the distal
anterio-medial aspect of the tibia in alignment with its longitudinal axis 0.08 m above
the medial malleolus (Sinclair et al., 2010). Strong non-stretch adhesive tape was
placed over the device and leg to avoid overestimating the acceleration due to tissue

artefact.

Processing

Dynamic trials were processed using Qualisys Track Manager and then exported as
C3D files. Ground reaction force (GRF) and marker data were filtered at 50 Hz and
15 Hz respectively using a low-pass Butterworth 4th order filter and processed using
Visual 3-D (C-Motion, Germantown, MD, USA). Joint kinetics were computed using
Newton-Euler inverse-dynamics, allowing net knee joint moments to be calculated.
Angular kinematics of the lower extremity joints were calculated using an XYZ
(sagittal, coronal and transverse) sequence of rotations. To quantify joint moments
segment mass, segment length, GRF and angular kinematics were utilized using the
procedure previously described by Sinclair, (2014). Discrete lower extremity joint
kinematic measures were extracted for statistical analysis were 1) angle at footstrike,
2) peak angle and 3) relative range of motion (representing the angular displacement

from footstrike to peak angle).

Patellofemoral loading was examined through extraction of peak patellofemoral
contact force and peak patellofemoral contact pressure. Patellofemoral contact force
during running was estimated using knee flexion angle (kf) and knee extensor
moment (KEM) through the biomechanical model of Ho et al., (2012). This model has

been utilized previously to resolve differences in patellofemoral contact force and



pressure in different footwear and footstrike patterns (Besier et al., 2005; Kulmala et
al., 2013; Sinclair, 2014), and between those with and without patellofemoral pain

(Keino et al., 2002).

The effective moment arm distance (m) of the quadriceps muscle (QM) was

calculated as a function of kf using a non-linear equation, based on information

presented by van Eijden et al., (1986).

QM = 0.00008 kf 2 —0.013 kf 2 + 0.28 kf + 0.046

The force of the quadriceps (FQ) was calculated using the below formula:

FQ = KEM / QM

Net patellofemoral contact force was estimated using the FQ and a constant (C):

patellofemoral contact force = FQ * C

The C was described in relation to kf using a curve fitting technique based on the

non-linear equation described by van Eijden et al., (1986):

C = (0.462 + 0.00147 * kf 2 — 0.0000384 * kf 2) / (1 — 0.0162 * kf + 0.000155 * kf 2 —

0.000000698 * kf 3)

Patellofemoral contact pressure (MPa) was calculated using the net patellofemoral

contact force divided by the patellofemoral contact area. The contact area was



described using the Ho et al.,, (2012) recommendations by fitting a 2nd order
polynomial curve to the data of Powers et al., (1998) showing patellofemoral contact

areas at varying levels of kf.

Patellofemoral contact pressure = patellofemoral contact force / contact area

Peak Achilles tendon force was determined by dividing the plantarflexion moment
(MPF) by the estimated Achilles tendon moment arm (mat). This approach has been
utilized previously to resolve differences in Achilles tendon force between different
footwear and footstrike patterns (Kulmala et al., 2013) Sinclair, 2014). The moment
arm was quantified as a function of the ankle sagittal plane angle (ak) using the

procedure described by Self and Paine (2001):

Achilles tendon force = MPF / mat

mat = -0.5910 + 0.08297 ak — 0.0002606 * ak?

Patellofemoral and Achilles tendon force were normalized by dividing the net values
by body weight (BW). Patellofemoral and Achilles tendon load rate (BW/s) were
calculated as a function of the change in patellofemoral contact force from initial
contact to peak force divided by the time to peak force. Patellofemoral and Achilles
tendon instantaneous load rate (BW/s) were also determined as the peak increase in

patellofemoral and Achilles tendon force between adjacent data points.



From the force platform instantaneous loading rate was similarly normalized (BW/s)
and calculated as the maximum increase in vertical force between adjacent data
points. The acceleration signal was filtered with a 60 Hz low-pass Butterworth 4th
order zero-lag filter (Sinclair et al., 2013). Peak tibial acceleration was defined as the
highest positive acceleration peak measured during the stance phase. Tibial
acceleration load rate was quantified by dividing the peak tibial acceleration
magnitude by the duration over which the acceleration occurred. Finally, tibial
acceleration instantaneous loading rate was calculated as the maximum increase in

tibial acceleration between adjacent data points.

In addition, the effective mass (the proportion of body mass decelerated during the
impact phase of stance) was also calculated. Effective mass was calculated in
accordance with Liebermann et al., (2010) via the below equation. The vertical GRF
integral pre transition was calculated using the integral of the vertical GRF between
footstrike and impact peak, whereas post transition (where there was no impact
peak) this was calculated over the same percentage of stance (9.57 + 2.84 %)

(Liebermann et al., 2010).

Effective mass = vertical GRF integral / vertical foot velocity at footstrike + g * time to

9.57 % stance

Analysis
Descriptive statistics of means, standard deviations and 95% confidence intervals
were obtained for each outcome measurement. Shapiro-Wilk tests were used to

screen the data for normality. The effects of the 10-week intervention on the



biomechanical measurements were examined using paired t-tests with statistical
significance was accepted at the P<0.05 level (Sinclair et al., 2013). All statistical
actions were conducted using SPSS v22.0 (SPSS Inc, Chicago, USA). In
accordance with the recommendations of Roos & Lohmander, (2013) and Salaffi et
al., (2004) minimal perceptible clinical changes were considered to be 10 points on

each of the KOOS subsections and 2 points on the NPS scale.

Results

Tables 2-5 present the perceived pain and biomechanical data obtained before and
after the 10-week transition. The results showed that the intervention significantly

influenced indices of perceived pain and also the biomechanical data.

KOOS and Achilles tendon pain scores

The NPS data revealed significant increases in perceived Achilles tendon pain
(Table 2). Data from the KOOS survey showed significant reductions in ‘pain’, ‘sport’
and ‘function and daily living’ (Table 2). Importantly all of the significant alterations in

perceived pain exceeded the threshold for minimal perceptible clinical change.

Patellofemoral and Achilles tendon kinetics
Significant reductions in peak patellofemoral contact force, peak patellofemoral
contact pressure, patellofemoral instantaneous load rate and patellofemoral impulse

were observed (Table 3; Figure 1ab). In addition, increases in peak Achilles tendon



force, Achilles tendon load rate, Achilles tendon instantaneous load rate and Achilles

tendon impulse were observed (Table 3; Figure 1c).

Tibial acceleration, loading rates and effective mass

Significant reductions in peak tibial acceleration, tibial acceleration load rate, tibial
acceleration instantaneous load rate and instantaneous load rate were found (Table
4; Figure 2ab). In addition, a significant reduction in effective mass was also found

(Table 4).

Joint kinematics

No differences in hip kinematics were evident (Table 5; Figure 3). A significant
reduction in sagittal plane knee relative range of motion was shown (Table 5; Figure
3). In addition, at the ankle a significantly greater plantar flexion at footstrike was
shown alongside a significant increase in sagittal plane relative range of motion
(Table 5; Figure 3). At the ankle in the coronal plane a significantly larger degree of
inversion at footstrike was shown alongside a significant increase in relative range of

motion (Table 5; Figure 3).

Discussion

The aim of the current investigation was to examine the effects of a 10-week
transition from a RF to FF strike pattern in runners with patellofemoral pain. To the
authors knowledge this represents the first comparative investigation to examine the
influence of a FF strike transition in runners with knee pain. Research of this nature
may provide new information to recreational runners regarding the conservative

management of patellofemoral pain.



The first key finding from the current work is that the prescribed 10 footstrike
transition program served to successfully alter the footstrike pattern of the runners.
This is evidenced firstly by the significant alteration in ankle sagittal angle at footstrike
following the 10-week intervention whereby all runners exhibited plantarflexion post
transition. In addition, observation of the vertical GRF curve following the 10-week
transition shows that the impact transient which was evident pre transition is no
longer present following conversion to FF running. This protocol may therefore be
used in future studies which seek to allow habitual RF runners to transition
successfully to a FF pattern, although further work may be required to validate its

effectiveness in running populations outside those examined in this investigation.

The current investigation tested the hypothesis that knee pain symptoms would be
reduced as a function of the 10-week transition period. The findings from the current
work support this proposition in that KOOS ‘pain’, ‘sport’ and ‘function and daily living’
aspects were significantly improved following the intervention. This observation
provides support to the retrospective data of Daoud et al., (2012) which indicated that
FF runners experience less chronic knee pathologies. The magnitudes of the
improvements in pain were all shown to exceed the minimum values required for
clinical relevance (Roos et al., 2013). This observation importantly indicates that
converting to a FF running pattern has the potential to mediate clinically meaningful
improvements in patient reported symptoms of patellofemoral pain in recreational

runners.



Of further clinical importance is that patellofemoral loading was also found to be
significantly reduced following transition to FF strike running. This finding concurs
with those of Kulmala et al., (2013) and Sinclair, (2014) who also showed that FF
strike runners exhibited reduced patellofemoral kinetics in comparison to RF. The
consensus regarding the development and initiation of patellofemoral pain symptoms
in runners is that indicators develop as a function of excessive patellofemoral joint
forces (Ho et al., 2012; La Bella et al., 2004). It is therefore proposed that the
improvements in patellofemoral pain symptoms following the 10-week transition to FF

running were at least in part mediated by the reductions in patellofemoral loading.

A further important finding from the current study is that tibial acceleration and
loading rate parameters were also significantly attenuated as a function of the 10
week footstrike transition programme. It is proposed that this finding relates to the
significant reduction in effective mass that was similarly noted following transition to
FF running. In RF strike running the majority of the vertical momentum is absorbed
by the collision as a greater proportion of body mass is decelerated during the
impact phase (Liebermann et al., 2010). Whereas during FF running vertical
momentum is converted into rotational momentum, thus the total mass being
decelerated is reduced leading to a reduction in the magnitude of impact loading
experienced by the body (Liebermann et al., 2010). This observation may also have
clinical relevance as tibial accelerations and vertical rates of loading have been
linked to the aetiology of numerous chronic running pathologies such as tibial stress

fractures and plantar fasciitis (Milner et al., 2006; Pohl et al., 2009).



In addition to reductions in patellofemoral pain symptoms, patellofemoral kinetics
and impact loading, the 10-week transition to FF running also mediated significant
increases in perceived Achilles tendon pain and loads experienced by the Achilles
tendon during the stance phase. This finding agrees with those of Kulmala et al.,
(2013) and Sinclair, (2014) who noted increases in Achilles tendon loads when
running using a FF strike pattern. Similar to the data from the KOOS questionnaire
the magnitude of the increase in perceived tendon pain was shown to exceed the
minimal threshold considered to be clinically relevant (Salaffi et al., 2004). This
finding indicates that converting to a FF running pattern does provide improvements
patellofemoral pain symptoms, but that this may be at the expense of increased pain
experienced by the Achilles tendon. Further research is needed to determine
whether this pain persists or whether the Achilles tendon is able to adapt as the FF

strike pattern becomes increasingly ingrained in the runner’'s motor program.

In conclusion, although previous analyses have investigated the biomechanical
differences between RF and FF strike runners, there has yet to be any published
research regarding the effects of transitioning from RF to FF striking in runners with
patellofemoral pain. The current investigation therefore addresses this by providing a
comparison of knee pain symptoms in RF strike runners with patellofemoral pain
following a 10-week transition to FF running. The current study shows significant
improvements in knee pain symptoms and significantly reductions in knee loading
following the FF strike transition. However, the 10-week transition to FF running also
mediated significant increases in Achilles tendon loading and perceived Achilles
tendon pain. Therefore, the key implication from this study is that RF strike runners

who suffer from patellofemoral pain can successfully transition to a FF running



pattern and reduce their pain symptoms, however this may be at the expense of

increased perceived pain at the Achilles tendon.
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Figure 1: Mean patellofemoral and Achilles tendon kinetics pre and post transition

(a. = patellofemoral force, b. = patellofemoral pressure, c. = Achilles tendon force)

(black = pre transition & grey = post transition).



Figure 2: Mean tibial acceleration and vertical GRF pre and post transition (a. = tibial

acceleration, b. = vertical GRF) (black = pre transition & grey = post transition).

Figure 3: Mean lower extremity kinematics pre and post transition (a. = sagittal
plane, b. = coronal plane, c. = transverse plane) (black = pre transition & grey = post

transition).
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Table

Table 1: Ten week transition program details.

E;?:rllgg Exercises Stretches
. . Single leg Plantar
Percent of Bllate_ral heel Balance Single !eg balance Wall Calf Curb Calf fascia Calf roll
Week | total mileage raises diagonals calf raise (60°s) Stretch stretch roll
(%) Sets/ repetitions (day) Hold for / repetitions Duration

1 10 2/10 2110 1/10 1/1 8s/2 8s/2 1 min 1 min
2 20 2/10 2110 1/10 1/1 8s/2 8s/2 1 min 1 min
3 30 2/10 2/10 1/10 11 8s/3 8s/3 1 min 1 min
4 40 3/10 3/10 2112 1/2 8s/4 8s/4 2 min 2 min
5 50 3/10 3/12 2112 1/2 10s/4 10s/4 2 min 2 min
6 60 3/12 3/12 3/12 1/2 15s/4 15s/4 2 min 2 min
7 70 3/15 3/12 3/12 212 15s/4 15s/4 2 min 2 min
8 80 3/15 3/15 3/15 212 15s/4 15s/4 2 min 2 min
9 90 4/15 4/15 4/15 2/3 15s/5 15s/5 3 min 3 min
10 100 5/15 4/15 4/15 2/3 15s/5 15s/5 3 min 3 min




Table

Table 2: Knee and Achilles tendon pain symptoms as a function of the footstrike transition intervention.

Pre transition

Post transition

Mean | SD | 95%Cl | Mean| SD | o9swci | & vale
Achilles tendon NPS 106 | 065 | 038-173 | 267 | 088 | 175-359 | 0034
KOOS symptoms 56.17 | 13.46 | 42.04-70.30 63.05 | 19.05 | 43.06 - 83.03 0.29
KOOS pain 62.04 | 1129 | 50.18-73.89 | 7841 | 13.81 | 63.91-92.90 | 0003
KOOS sport 53.61 | 19.02 | 33.66-7357 | 7267 | 1507 | 56.85-88.48 | (027
KOOS function and daily living | 67.68 | 12.54 | 54.53-80.84 | 80.08 | 16.19 | 63.90 - 97.07 0.001
KOOS quality of life 56.13 | 18.70 | 29.50-68.75 | 60.08 | 24.32 | 34.56-85.61 | 115

Notes = For the KOOS subscales a greater value indicates lower pain




Table

Table 3: Patellofemoral and Achilles tendon kinetics as a function of the footstrike transition

intervention.

Pre transition

Post transition

P-value
Mean | SD 95% CI Mean | SD 95% CI

Peak patellofemoral force (BW) 476 | 1.29 3.68-5.83 427 | 0.93 3.49-5.04 0.025
Peak patellofemoral stress (MPa) 13.10 | 3.05 10.55 - 15.65 11.48 | 1.77 10.00 - 12.95 0.035
Time to patellofemoral force (s) 0.09 | 0.02 0.07-0.11 0.09 | 0.03 0.06 - 0.11 0.110
Patellofemoral load rate (BW/s) 56.20 | 12.63 | 45646675 | 53.76 | 12.31 | 43.47-64.06 | 0.198
Patellofemoral '?Sf/&\‘/r/';)aneous load rate 241.86 | 76.36 | 178.01—305.69 | 156.84 | 35.79 | 126.91—186.76 | 0.003
Patellofemoral impulse (BW-s) 045 | 017 | 0.31-059 039 | 013 | 029-050 0.111
Peak Achilles tendon force (BW) 507 | 049 | 4.66-547 558 | 077 | 4.93-623 0.035
Time to peak Achilles tendon force (s) 014 | 0.01 0.12-0.15 0.13 | 0.03 0.11-0.15 0.180
Achilles tendon load rate (BW/s) 38.00 | 6.74 32.37-43.63 46.62 | 12.62 | 36.07-57.17 0.033
Achilles tendon '(rés\t/\a}?st)a”eous load rate | 157 40 | 27.14 | 847113009 | 134.34 | 4355 | 97.93-170.75 | 0.005
Achilles tendon impulse (BW-s) 057 | 006 | 052062 073 | 009 | 065-080 0.001




Table

Table 4: Tibial acceleration and loading rate parameters as a function of the footstrike transition

intervention.

Pre transition Post transition P-
Mean | SD 95% ClI Mean | SD 95% ClI value
Peak tibial acceleration (g) 8.29 2.14 6.50 — 10.08 533 | 051 4.90 - 5.76 0.008
Time to peak tibial acceleration (s) 0.02 0.01 0.01-0.03 0.03 0.01 0.02 - 0.04 0.117
Tibial acceleration load rate (g/s) 399.89 | 163.89 | 262.87 —536.91 | 195.43 | 40.73 | 161.38 —229.48 | 0.007
Tibial acceleration Eglsst)a”ta”eous load rate | 53515 | 191,06 | 37639 695.85 | 334.27 | 56.15 | 287.33381.21 | 0.020
Instantaneous load rate (BW/s) 174.05 | 65.45 | 119.33-228.78 | 102.62 | 13.22 | 91.57-113.68 | 0.015
Effective mass (%BW) 7.39 241 5.16 — 9.62 4.01 1.18 2.99-5.15 0.001




Table

Table 5: Hip, knee and ankle joint kinematics as a function of the footstrike transition intervention.

Pre transition

Post transition

Mean | SD | 95%CI | Mean| SD | 95%ci | & VAl
Sagittal plane
Angle at footstrike (°) 40.28 | 8.89 | 32.84-47.71 | 39.68 | 9.76 | 31.52-47.84 0.851
Peak flexion (°) 42.30 | 9.38 | 34.46-44.63 | 40.26 | 9.46 | 32.35-48.17 0.428
Relative ROM (°) 202 (171 0.59-3.45 0.58 | 0.97 -0.23-1.39 0.107
Coronal plane
o | Angleat footstrike () | 271 |5.97 | -1.10-528 362 | 448 | -0.70-6.53 0.262
L Peak adduction (°) 11.86 | 2.25 9.98 - 13.75 10.26 | 2.95 7.80-11.73 0.092
Relative ROM (°) 9.24 | 2.85 6.85-11.62 6.95 | 3.92 2.63-9.18 0.061
Transverse plane
Angle at footstrike (*) -5.69 | 6.47 | 34.46-44.63 -6.19 | 7.00 | -12.04--0.34 0.406
Peak external rotation (*) | -10.81 | 5.11 | -15.09--6.34 | -11.35 | 5.69 | -16.11--6.60 0.275
Relative ROM (°) 512 |334| 223-791 | 516 |3.83| 197-836 0.910
Sagittal plane
Angle at footstrike (*) 11.16 | 2.79 | 8.83-1350 | 13.63 |6.17 | 8.47-18.80 0.371
Peak flexion (°) 41.60 | 598 | 36.60 —46.60 | 39.50 | 9.03 | 31.95-47.05 0.200
Relative ROM (°) 30.44 | 7.04 | 2455-36.33 | 25.87 | 6.54 | 20.41-31.33 0.041
Coronal plane
8 | Angle at footstrike () | -482 | 1.71 | -6.25--3.39 | -351 |2.28 | -4.41--0.60 0.094
§ Peak abduction (°) -8.97 | 235| -10.94--7.00 | -8.17 | 3.08 | -10.74--5.99 0.366
Relative ROM (°) 455 | 1.66 3.16 -5.93 5.66 | 1.90 4.07-7.25 0.220
Transverse plane
Angle at footstrike (°) -2.56 | 4.56 -6.38 - 1.25 -3.75 | 9.29 -9.52 -6.02 0.857
Peak internal rotation () | 8.90 | 6.60 | 3.38-14.42 835 | 9.94| 0.04-16.66 0.781
Relative ROM (°) 11.25 | 6.34 | 3.32-14.93 11.10 | 7.25 | 4.04-16.17 0.300
Sagittal plane
Angle at footstrike (°) 12.94 | 6.60 7.41-18.45 -8.66 | 9.29 | -16.41-0.90 0.001
Peak dorsiflexion (°) 2244 | 295 | 19.98-24.90 | 19.81 | 5.12 | 14.54-24.09 0.128
Relative ROM (°) 950 |4.64| 5.62-13.86 28.47 | 6.33 | 23.18-33.77 0.000
Coronal plane
< | Angle at footstrike () | -2.71 [3.99 | -6.04-0.63 | 144 |540| -3.07-5.96 0.040
E Peak eversion (%) -12.03 | 7.79 | -18.54—--5,52 | -12.37 | 5.74 | -17.17 —-7.58 0.759
Relative ROM (°) 932 |431| 571-1292 | 13.82 | 6.14 | 8.68—18.95 0.007
Transverse plane
Angle at footstrike (°) | -16.44 | 6.05 | -21.50 —-11.39 | -15.16 | 3.18 | -17.81—--12.50 | 0.349
Peak external rotation () | -7.29 | 3.41 | -10.14--4.34 | 647 | 325 | -9.20--3.75 0.155
Relative ROM (°) 9.67 | 4.25 6.12 - 13.21 9.25 |3.23 6.54—-11.94 0.646




