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Abstract N\
Introduction: Patellofemoral pain (PFP) is highly prevalent in runners. Physical therapies were proved to be effective in the |
treatment of PFP. Gait retraining is an important method of physical therapy, but its effectiveness and safety for PFP remained
controversial. Previous review suggests gait retraining in the treatment of PFP warrants consideration. However, recent publications
of randomized controlled studies and case series studies indicated the positive effect of gait retraining in clinical and functional
outcomes, which re-raise the focus of gait retraining. This paper will systematically review the available evidence, assessing the safety
and effectiveness for the use of gait retraining for runners with PEP.

Method and analysis: A systematic review of relevant studies in Pubmed, Embase, SCOPUS, and Cochrane Library were
synthesized. Inclusion criteria are studies evaluating clinical outcomes (i.e., changes to pain and/or function) following running
retraining interventions in symptomatic running populations; Studies with less than 10 participants in total or in the running retraining
intervention group were excluded. The primary outcomes measured will be pain score, Lower extremity functional scale and training
related injuries or complications. Review Manager (Revman Version 5.3) software will be used for data synthesis, sensitivity analysis,
meta regression, subgroup analysis and risk of bias assessment. A funnel plot will be developed to evaluate reporting bias and Begg
and Egger tests will be used to assess funnel plot symmetries. We will use the Grading of Recommendations Assessment,
Development and Evaluation system to assess the quality of evidence.

Ethics and dissemination: Our aim is to publish this systematic review in a peer-reviewed journal. Our findings will provide
information about the safety of gait retraining and their effect on reliving pain and improving function of lower limb on runners with PEP.
This review will not require ethical approval as there are no issues about participant privacy.

Abbreviation: PFP = patellofemoral pain.
Keywords: gait retraining, patellofemoral pain, protocol, systematic review
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e It is a review that included most recent studies that
evaluate gait retraining for runners with PFP.

The Cochrane Collaboration tool and The Grading of
Recommendations Assessment, Development and Evalu-
ation will be used to further evaluate study findings.
Methodological and clinical heterogeneities will be exit
based on the variation of included studies (RCT's and case
series) and varied retraining methods (step rate, foot
strike, treadmill or ground, training session, time) in
included studies

Pool analysis of available studies for analysis may not
allowed to perform. The basic characteristic such as sex,
BMI, and running volume may not comparable.

1. Introduction

Running is a popular exercise for both recreation and sports.!'! It
is proved to be beneficial to cardiac, mental and metabolic
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health.** Besides its benefits, running related injuries that
reported occurrence rate ranging from 19% to 78% could not be
ignored.">! As one of the most common injuries, patellofemoral
pain (PFP) was also thought to be the most common overall
incidence of musculoskeletal pain amongst recreational run-
ners.!"®! PFP is defined as pain around or behind the patella
aggravated by load the patellofemoral joint activities.””! Some
biomechanical studies found that hip adduction strength,
internal rotation, rearfoot eversion,®’! and running tech-
nique!' %" that could affect patellofemoral joint load have been
related to PFP. Multiple interventions have been developed in an
attempt to prevent the occurrence of PFP and release symptoms of
PFP runners, including education, local muscle strengthening,
and running with foot orthoses et al. However, a lack of effective
long-term treatment strategies remains a source of frustration for
many runners and clinicians.!'*

Gait retraining was defined as the implementation of any cue or
strategy to alter an individual’s running technique.'”! Tt was
introduced to treat lower limb injuries in runners by reducing load in
certain muscle groups and joints.'¥ Common gait retraining
included altering step rate, strike pattern, hip and knee motion, trunk
position, step width, and impact loading variables. Biomechanical
and clinical studies have reported the positive effect of gait retraining
in kinematics, kinetics and clinical outcome.™>71 A previous
systematic review has synthesis available evidence with international
expert opinions on the use of gait retraining, and they indicated it
warrants consideration when treating lower limb injuries and
limited evidence of gait retraining in the treatment of PFP was were
not available to give a further estimate.''?! Recently, some studies of
gait retraining focus on clinical practice and comparison with other
rehabilitations intervention exit,''® 2! however, the results were
controversial. Therefore, an objective and systematic examination
on the efficacy and safety of gait retraining for PFP is needed. In our
research, we planned to conduct a systematic review and if available,
performed a meta-analysis to evaluate the evidence from all available
randomized controlled trials (RCTs) that evaluate gait retraining on
decreasing PFP.

2. Methods
2.1. Search strategy

We will conduct a systematic review and if available, meta-
analysis will be performed to identify relevant studies involving
gait retraining and PFP in electronic databases (Fig. 1). Two
reviewers independently searched the electronic databases
including Pubmed, Embase, SCOPUS, and Cochrane Library
up to March 2021 using the following keywords and their
combinations: gait retraining, patellofemoral pain. The search
strategies in Pubmed were as follow: ((((running) OR runner))
AND  (((((((((((gait retraining) OR running technique) OR
running method) OR running cadence) OR strike pattern) OR
step width) OR step frequency) OR step rate) OR step length) OR
stride frequency) OR stride length)) AND (((((Pain Syndrome,
Patellofemoral) OR anterior Knee Pain Syndrome) OR Patello-
femoral Syndrome) OR Patellofemoral Pain Syndrome) OR
Patellofemoral Pain Syndrome[MeSH Terms]).

2.2. Inclusion and exclusion criteria

The inclusion criteria will be defined before searching, and the
study inclusion eligibility was determined by the following
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population, intervention, comparator, outcomes, and study
design criteria: Studies evaluating running gait retraining or in
conjunction with other interventions were considered if the
effects of retraining could be clearly delineated (e.g., altering
footwear combined with instruction of strike pattern, compared
with altering footwear alone). The age of the patients and follow-
up periods were not restricted, and the publication language was
limited in English. Studies with less than 10 participants in total
or in the running retraining intervention group were excluded.

2.3. Data extraction and quality assessment

Two investigators will independently extract the relevant data
from each study, which included the first authors name, year of
publication, country, study design, details of the intervention and
control, and the follow-up duration, and outcome measurements
for each study. Any uncertainty will be discussed by 2 reviewers
and resolved by consensus with discussion with another reviewer.
We will contact the corresponding authors of the included RCTs
to obtain any missing data when necessary. The Cochrane
Collaboration tool'*?! will be used to assess the methodological
quality and risk of bias of the included studies, including
randomization, allocation concealment, blinding method, selec-
tive reporting, group similarity at baseline, incomplete outcome
data, compliance, timing of outcome assessments, and intention-
to-treat analysis. The Grading of Recommendations Assessment,
Development and Evaluation approach will be used to evaluate
the quality of evidence of the included studies.””*! Reviewers will
take into account limitations of the study, inconsistencies,
indirect evidence, inaccuracies and publication bias.

2.4. Outcome measures

The primary outcome measures that will be evaluated in our
review included visual analogue scales to assess knee pain. Knee
function was assessed using Lower extremity functional scale,
and training related injuries or complications (e.g., calf soreness,
ankle injury, and fatigue) to evaluate the safety. The secondary
outcomes will be Knee Outcome Survey of the Activities of Daily
Living Scale, recurrence rate of PFP and satisfaction of
participants.

2.5. Statistical analysis and data synthesis

The meta-analyses will be performed using Review Manager
(Revman Version 5.3., the Cochrane Collaboration, Oxford,
UK). Given the characteristics of the data extracted for the
review, continuous outcomes will be expressed as the mean
difference (MD) with 95% confidence intervals (CIs). An
assumption that the standard deviations (SDs) of outcome
measurements are the same in both groups will be required in all
cases, and the standard deviation would then be used for both
intervention groups. Heterogeneity will be assessed using the I*
statistic. I > 50% represented high heterogeneity. To detect the
impact of each data set on the overall effects of the analyses,
sensitivity analysis will be performed by sequentially deleting a
single study involved in the meta-analysis. Subgroup analysis will
be performed based on the different follow-up periods. Risk
ratios (RRs) with a 95% CI were used to assess dichotomous
outcomes. The inverse variance and Mantel-Haenszel methods
will be used to combine separate statistics. We will evaluate
whether asymmetry was due to publication bias or to a
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Figure 1. Flow diagram of the relevant study selection process.

relationship between the trial size and effect size using funnel
plots. A P value <.05 will be considered statistically significant.

2.6. Patient and public involvement

No patients will be involved in this study.

3. Discussion

The primary objective of this study was to determine whether gait
retraining for runners with PFP could be an effective and safe
treatment. The result of this study will illustrate whether there is a
significant clinical difference in type of retraining program such as
step rate, running cadence, time of training sessions, strike pattern,

and stride length. As the number of runners and running events has
been increasing steadily since the 2000s,**! running related
injuries were more common. It is thought that altering runners’
technique would help for less running related injuries. This was
proved by some biomechanical studies that forefoot landing and
step rate increase result in lower cumulative patellofemoral joint
stress in healthy runners, with the forefoot landing being the most
effective,'>* and shortened step length also contribute to less
patellofemoral joint stress.!"! Despite of significant difference in
biomechanical research, a study published most recently presented
clinical benefits, improvement of pain symptoms and functional
scores, was not accompanied with significant biomechanics
differences that could entirely explain clinical improvement after
the 3 gait retraining interventions.*"!
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There are many treatments aiming to solve PFP in both
recreational runners and professional runners, including patient
education, exercise therapy targeting both knee and hip muscle
strength, and foot orthoses wearing,'*®! physical therapy such as
patellofemoral joint mobilization, patellar taping, and ultra-
sound et al.*”! But some review articles indicated a limited effect
of these interventions.!'>?% Although previous systematic review
has evaluated the value of gait retraining for running injuries,
they included only a small number of studies, which were no
comparison between some interventions and gait retraining when
accompanied with other treatment. As some studies focus on
effect of gait retraining for clinical practice exit,'®! it is
necessary to further evaluate the effect of gait retraining for
runners. We aim to use enough studies to ensure adequate power
for the meta-analysis. We expect to systematically assess whether
gait retraining can give positive effect for runners to relieve pain
and improve functions of knee. This study will include the largest
amount of studies that systematically assess the efficacy and
safety of gait retraining for runners suffered from PFP. The results
of this review may help to give available suggestions for runners
and to provide reliable evidence for its further application.

Acknowledgments

We thank American Journal Experts for its linguistic assistance
during the preparation of this manuscript.

Author contributions

Conceptualization: Shoubin Lei.

Data curation: Huan Xiao.

Formal analysis: Zeng Li.

Investigation: Huan Xiao, Zeng Li.
Methodology: Huan Xiao.

Software: Zeng Li.

Supervision: Zeng Li.

Writing — original draft: Huan Xiao.
Writing — review & editing: Shoubin Lei.

References

[1] van Gent RN, Siem D, van Middelkoop M, et al. Incidence and
determinants of lower extremity running injuries in long distance
runners: a systematic review. Br ] Sports Med 2007;41:469-80.
discussion 480.

[2] Ghorbani F, Heidarimoghadam R, Karami M, et al. The effect of six-
week aerobic training program on cardiovascular fitness, body
composition and mental health among female students. ] Res Health
Sci 2014;14:264-7.

[3] Neal BS, Barton CJ, Birn-Jeffrey A, et al. The effects & mechanisms of
increasing running step rate: a feasibility study in a mixed-sex group of
runners with patellofemoral pain. Phys Ther Sport 2018;32:244-51.

[4] Williams PT. Reduced total and cause-specific mortality from walking
and running in diabetes. Med Sci Sports Exerc 2014;46:933-9.

[5] Yamato TP, Saragiotto BT, Hespanhol Junior LC, et al. Descriptors used
to define running-related musculoskeletal injury: a systematic review. J
Orthop Sports Phys Ther 2015;45:366-74.

Medicine

[6] Taunton JE, Ryan MB, Clement DB, et al. A retrospective case-control
analysis of 2002 running injuries. Br | Sports Med 2002;36:95-101.

[7] Crossley KM, Stefanik JJ, Selfe J, et al. 2016 Patellofemoral pain
consensus statement from the 4th International Patellofemoral Pain
Research Retreat, Manchester. Part 1: Terminology, definitions, clinical
examination, natural history, patellofemoral osteoarthritis and patient-
reported outcome measures. Br | Sports Med 2016;50:839-43.

[8] Barton CJ, Levinger P, Menz HB, et al. Kinematic gait characteristics
associated with patellofemoral pain syndrome: a systematic review. Gait
Posture 2009;30:405-16.

[9] Noehren B, Hamill J, Davis L. Prospective evidence for a hip etiology in
patellofemoral pain. Med Sci Sports Exerc 2013;45:1120-4.

[10] Heiderscheit BC, Chumanov ES, Michalski MP, et al. Effects of step rate
manipulation on joint mechanics during running. Med Sci Sports Exerc
2011;43:296-302.

[11] Lenhart RL, Thelen DG, Wille CM, et al. Increasing running step rate
reduces patellofemoraljoint forces. Med Sci Sports Exerc 2014;46:557-64.

[12] Barton CJ, Bonanno DR, Carr J, et al. Running retraining to treat lower
limb injuries: a mixed-methods study of current evidence synthesised
with expert opinion. Br J Sports Med 2016;50:513-26.

[13] IDGait retraining in runners. Orthop Pract 2005;17:8-13.

[14] Mueller M], Maluf KS. Tissue adaptation to physical stress: a proposed
“Physical Stress Theory” to guide physical therapist practice, education,
and research. Phys Ther 2002;82:383-403.

[15] Willson JD, Sharpee R, Meardon SA, et al. Effects of step length on
patellofemoral joint stress in female runners with and without
patellofemoral pain. Clin Biomech (Bristol, Avon) 2014;29:243-7.

[16] Bonacci J, Hall M, Fox A, et al. The influence of cadence and shoes on
patellofemoral joint kinetics in runners with patellofemoral pain. J Sci
Med Sport 2018;21:574-8.

[17] Cheung RT, Davis IS. Landing pattern modification to improve
patellofemoral pain in runners: a case series. ] Orthop Sports Phys Ther
2011;41:914-9.

[18] Bramah C, Preece SJ, Gill N, et al. A 10% increase in step rate improves
running kinematics and clinical outcomes in runners with patellofemoral
pain at4 weeks and 3 months. Am ] Sports Med 2019;363546519879693.

[19] Bonacci J, Hall M, Saunders N, et al. Gait retraining versus foot orthoses
for patellofemoral pain: a pilot randomised clinical trial. ] Sci Med Sport
2018;21:457-61.

[20] Roper JL, Harding EM, Doerfler D, et al. The effects of gait retraining in
runners with patellofemoral pain: a randomized trial. Clin Biomech
(Bristol, Avon) 2016;35:14-22.

[21] Dos Santos AF, Nakagawa TH, Lessi GC, et al. Effects of three gait
retraining techniques in runners with patellofemoral pain. Phys Ther
Sport 2019;36:92-100.

[22] Higgins JP, Altman DG, Gotzsche PC, et al. The Cochrane Collabo-
ration’s tool for assessing risk of bias in randomised trials. BM]J
2011;343:d5928.

[23] Atkins D, Briss PA, Eccles M, et al. Systems for grading the quality of
evidence and the strength of recommendations II: pilot study of a new
system. BMC Health Serv Res 2005;5:25.

[24] Fields KB, Sykes JC, Walker KM, et al. Prevention of running injuries.
Curr Sports Med Rep 2010;9:176-82.

[25] Dos Santos AF, Nakagawa TH, Serrao FV, et al. Patellofemoral joint
stress measured across three different running techniques. Gait Posture
2019;68:37-43.

[26] Neal BS, Lack SD, Lankhorst NE, et al. Risk factors for patellofemoral
pain: a systematic review and meta-analysis. Br ] Sports Med
2019;53:270-81.

[27] Crossley K, Bennell K, Green S, et al. Physical therapy for patellofemoral
pain: a randomized, double-blinded, placebo-controlled trial. Am J
Sports Med 2002;30:857-65.

[28] Crossley K, Bennell K, Green S, et al. A systematic review of physical
interventions for patellofemoral pain syndrome. Clin ] Sport Med
2001;11:103-10.



	Gait retraining for runners with patellofemoral pain
	Strength and Limitations
	1 Introduction
	2 Methods
	2.1 Search strategy
	2.2 Inclusion and exclusion criteria
	2.3 Data extraction and quality assessment
	2.4 Outcome measures
	2.5 Statistical analysis and data synthesis
	2.6 Patient and public involvement

	3 Discussion
	Acknowledgments
	Author contributions
	References


