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Background  
When treating runners with patellofemoral pain (PFP), clinicians aim to reduce patients’ 
symptoms, such as pain and discomfort. Running retraining techniques (RRT) and 
neuromuscular exercises (NME) are key interventions to achieve these goals. 

Purpose  
This scoping review examined the use of RRT and NME, either combined or standalone, 
in runners with PFP. 

Study design   
Scoping review 

Methods  
Databases searched included MEDLINE, ScienceDirect, and Google Scholar. Two 
researchers independently identified eligible studies and extracted data. The scoping 
review followed the PRISMA-SCR framework, using population, concept, and context 
criteria. The population included recreational to professional runners over 18 years with 
PFP, excluding those involved in any sport other than running~~.~~, as well as those with 
prior knee surgeries, the history or presence of other knee pathologies, or pediatric 
populations. The review focused on studies utilizing NME or RRT for PFP treatment, 
adhering to ACSM guidelines and excluding studies only providing study protocols. 
Exercise reporting was assessed using the Consensus on Exercise Reporting Template. 
NME protocols were analyzed using the FITT framework (Frequency, Intensity, Time, 
Type). RRT protocols were evaluated by session frequency, start timing, clinician input, 
cadence, feedback, footwear use, speed changes, self-rehabilitation, and progression. 

Results  
Fifteen studies were reviewed. The timing and complementarity of RRT with NME were 
often absent or poorly defined. NME mainly focused on single-leg squats in seven 
protocols, with forward lunges, step-downs, and trunk-rotating squats in three studies 
each. These exercises emphasized trunk inclination and gluteal activation, with 
variations in feedback, sets, reps, and progression. RRT treatment ranged from a single 
10-minute retraining session to 12 weekly sessions. Cadence increase was addressed in 
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six studies, dynamic valgus in four, with most feedback being auditory/visual. Minimalist 
shoes were used in two studies, and three standardized running speed. 

Conclusion  
A notable variability exists in interventions for PFP in runners, especially in the timing 
and complementarity of RRT and NME. A standardized reporting system is needed to 
better analyze study protocol implementation. 

Level of Evidence    
N/A 

INTRODUCTION 

Running, a globally popular and accessible sport, has seen 
a significant rise in popularity over the last five decades.1 

However, as participation increases, so does the incidence 
of running-related injuries (RRI), which often pose chal
lenges for both recreational and professional athletes.1 No
tably, knee injuries are the most prevalent, constituting 
28% of all RRI, with patellofemoral pain (PFP) alone ac
counting for 17% of these injuries.2,3 Among amateur run
ners in the general population, the incidence is reported at 
1080.5 per 1,000 person-years. Adolescent amateur athletes 
exhibit prevalence rates ranging from 5.1% to 14.9% over a 
single season, with female adolescent athletes specifically 
showing a higher prevalence of 22.7%.4 

Longer-term follow up data indicate that a large number 
of individuals with PFP continue to experience symptoms 
and unfavorable outcomes. Indeed, the proportion of those 
reporting chronic symptoms is alarming, from 40% after a 
one-year follow-up, 57% after 5-8 years and up to 91% after 
18 years.5‑7 Implications of this poor prognosis are severe, 
patients with PFP have major limitations of daily activities, 
work, and athletic participation and Blønd & Hansen, re
ported that 74% of individuals experiencing PFP will limit 
or stop sport participation.8,9 

Increased peak hip adduction, internal rotation, and 
contralateral pelvic drop, along with reduced peak hip flex
ion, are recognized as risk factors for runners with PFP.10 

These biomechanical alterations can lead to pain and dis
comfort during physical activities, particularly running, 
thereby exacerbating challenges for individuals with PFP.11 

Abnormal mechanics, such as increased knee valgus or 
muscle weakness in the hip and quadriceps, can lead to un
even distribution of forces across the PFJ, exacerbating the 
condition.12 

Among the interventions aimed at reducing 
patellofemoral joint (PFJ) load, whether temporarily during 
the recent onset of PFP or in the long term during pro
longed symptom duration, Running Retraining technique 
(RRT) are a preferred intervention aimed at improving the 
capacity of runners to learn a new motor pattern to reduce 
PFJ stress during the stance phase.13,14 This can be 
achieved either by decreasing compression forces in the 
joint or by distributing forces over a greater joint contact 
area.15 To date, several studies have demonstrated reduc
tions in symptoms in runners with PFP up to three months 
after the end of a two-week intervention.16,17 

Another way to reduce the PFJ load during running is to 
improve the overall control of the lower limb. Better con
trol will allow for a more even distribution of stresses across 
the entire lower limb.12 In this regard, neuromuscular ex
ercise (NME) programs aim to improve sensorimotor con
trol and functional joint stability through exercises that 
engage multiple joints and muscle groups.18 Adjustments 
in exercise intensity, complexity, and environmental fac
tors are employed to progressively challenge and may en
hance muscular coordination. The efficacy of such NME in 
breaking the cycle of poor biomechanics and recurrent in
juries has been supported by some authors in randomized 
controlled trials and systematic reviews, highlighting their 
role in enhancing proprioception, functional outcomes, and 
symptom reduction.19‑22 

This scoping review examined the use of RRT and NME, 
either combined or standalone, in runners with PFP. This 
expansive overview enabled the provision of a broad per
spective on the interventions utilized in clinical practice, 
thereby helping practitioners and researchers understand 
and further investigate this prevalent issue. Unlike meta-
analyses or systematic reviews that focus on more narrowly 
defined questions and require a critical analysis of study 
quality, this scoping review aimed to summarize the ex
isting literature and identify gaps in knowledge and prac
tice.23 

MATERIALS AND METHODS 

The methodology for this scoping review was guided by 
the frameworks proposed by Arksey and O’Malley and the 
Joanna Briggs Institute.24,25 This review was designed to 
systematically explore the available literature and identify 
key concepts, research gaps, and evidence surrounding the 
use of RRT and NME programs in runners affected by PFP. 

SELECTION CRITERIA 

The PRISMA-SCR framework guided this scoping review, 
defining inclusion and exclusion criteria based on: popula
tion, concept, and context (PCC). In terms of population, 
the study targeted PFP patients who were either recre
ational or amateur runners. Inclusion criteria specified run
ners at any level, including amateur, semi-professional, or 
professional, aged above 18 years old and participating in at 
least one local event within the six months preceding their 
participation in the included study. Exclusion criteria were 
applied to individuals engaged in sports other than run
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Table 1. Inclusion and exclusion criteria     

Inclusion criteria Exclusion criteria 

Population PFP patients who were either recreational or amateur runners at 
any level including amateur, semi-professional or professional. 
Participating in at least one local event within the last six months 
Above 18 years 

Any sports other than running 

Concept Studies that included at least one of both NME or RRT as a 
treatment. 

Protocol studies 

Context Adult runners 
Systematic reviews, meta-analyses, primary research studies, 
guidelines, and case series 

Pediatric populations 
History of knee surgeries, other knee 
pathologies, such as meniscal injuries, 
patellofemoral arthritis, or ligament 
injuries. 
Conference abstracts and any grey 
literature 

NME: Neuromuscular Exercise, RRT refers to Running Re-Training 

ning to maintain focus on running-specific dynamics. For 
the concept, our inclusion criteria were focused on studies 
that incorporated NME or RRT aimed at treating PFP. The 
definition of NME was derived from the guidelines estab
lished by the American College of Sports Medicine.26 Stud
ies that published protocols without reporting any results 
were excluded. . Regarding the context, this study encom
passed research involving patients with PFP who were ac
tively practicing running excluding those with a history of 
knee surgeries, other knee pathologies, such as meniscal 
injuries, patellofemoral arthritis, or ligament injuries or 
paediatric populations to concentrate solely on adult run
ners. As for the types of studies, systematic reviews, meta-
analyses, primary research studies, guidelines, and case se
ries were accepted, but excluded conference abstracts. 
Articles included in systematic reviews, as well as the bib
liography of selected articles, were analyzed and manually 
included in the final result. For more information see Table 
1. 

STUDY SELECTION 

The study selection was conducted in several structured 
phases. Firstly, we formulated three research queries across 
three databases in April 2023: MEDLINE (PubMed), Sci
enceDirect, and Google Scholar based on the following key
words: “neuromuscular exercises”, “PFP”, “runners” and 
“exercise”. The search strategy was implemented in both 
English and French across all database, except for PubMed, 
which was searched only in English due to its primary in
dexing of English-language journals (Supplementary Table 
1). 
Secondly, the Zotero software was used to organize the 

retrieved articles with the “tags” feature aiding systematic 
selection. Thirdly, we removed duplicate articles. Fourthly, 
two independent reviewers (MF and TG) excluded irrelevant 
articles, initially by reviewing titles and abstracts. Finally, 
among the remaining articles, The full text and the avail
ability of detailed RRT and NME protocols were examined 
to finalize the selection. A third reviewer (AR) resolved 
any discrepancies and reach a consensus on inclusion when 

necessary. The inclusion criteria, as outlined before, were 
critical in identifying the most relevant articles. 

DATA EXTRACTION AND ANALYSIS 

Two independent reviewers (MF and TG) conducted the 
data extraction. This process involved gathering informa
tion such as the authors’ names, publication year, article ti
tles, journals, study nationality, types of exercises. To en
sure comprehensive and standardized reporting of exercise 
interventions and increase the likelihood of successful im
plementation of the research program in clinical practice, 
we have decided to extract all the items of the Consensus 
on Exercise Reporting Template (CERT) for each study, ex
cept for items 2-5, 11-12, and 16 in the narrative review, as 
they were not applicable to this type of study, to evaluate 
the reporting quality of the studies.27 Moreover, the types 
of study designs were also collected. 
Additionally, this review explored diverse modalities of 

NME and RRT protocols used in studies. For the NME pro
tocols, our analysis concentrated on the FITT (Frequency, 
Intensity, Time, Type) components and key factors, such 
as rest intervals and the prescribed speed for executing 
the exercises. “Frequency” referred to the prescribed days 
per week. “Intensity” included resistance, total repetitions, 
and/or the overall load per session. “Time” was defined as 
the total duration of the program in weeks. “Type” was not 
considered, as all included exercises were NME. We also as
sessed the type of feedback provided (tactile, visual, and 
auditory), range of motion, any additional resistance, exer
cise progression, support surface (whether stable or unsta
ble), and clinical guidance. 
Similarly, the review of RRT focused on the number of 

sessions, their frequency, RRT initiation point during re
habilitation, clinicians’ instructions, running cadence, type 
of feedback and removal method, the use of minimalist 
footwear, speed adjustments, self-rehabilitation practices, 
and overall training progression. Highlighting these types 
of information is essential due to their influence on RRT 
outcomes. Minimalist footwear can enhance running effi
ciency, while gradually increasing running speed improves 
performance and running economy. Self-rehabilitation sup
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Figure 1. Study flowchart.   

ports recovery, and a structured progression in training, in
cluding adjustments to footwear and speed, contributes to 
achieving optimal outcomes.28,29 

RESULTS 

FLOW OF STUDY SELECTIONS 

The selection process of studies for this scoping review is 
detailed in Figure 1. Only 15 studies ultimately met the 
strict eligibility criteria for inclusion in this review. 

BROADER PERSPECTIVE 

In terms of the study focus, eight studies exclusively ad
dressed RRT.16,17,30‑35 An additional five studies investi
gated a combination of NME and RRT,13,36‑39 while only 

two studies focused solely on NME (Table 2).40,41 The types 
of studies included in this review are illustrated in Figure 2. 
Both narrative reviews have a CERT score of 5/1137,39 while 
the other types of studies, their CERT score ranged between 
7 and 17 over 19 (Table 2).13,16,17,30‑36,38,40,41 

Geographically, the distribution of the studies varied, 
with the majority (46%) conducted in North America. Stud
ies that explored NME alone, or the combination of NME 
and RRT, were exclusively conducted in Europe and South 
America. In contrast, studies focusing solely on RRT were 
predominantly carried out in North America and Australia 
(table 2). 
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Table 2. Extracted general data.    

Authors Country Type of exercise CERT score/19 

Bramah et al., 2019 United Kingdom RRT 14 

Bonacci et al., 2020 Australia RRT 15 

Baldon et al., 2014 Brazil NME 14 

Nakagawa et al., 2019 Brazil RRT 13 

Mellinger & Neurohr, 2019 United States NME + RRT 5 (NME and RRT)/11 

Bonacci et al., 2018 Australia RRT 17 

Schembri, 2017 Malta NME 14 

Esculier et al., 2018 Canada NME + RRT 17 (NME) and 16 (RRT) 

Willy et al., 2012 United States RRT 11 

Rambaud, 2013 France NME + RRT 5 (NME and RRT)/11 

Noehren et al., 2011 United States RRT 7 

Passigli et al., 2017 Italy NME + RRT 15 

Esculier et al., 2016 Canada NME + RRT 16 (NME and RRT) 

Roper et al., 2016 United States RRT 13 

Willy & Davis, 2013 United States RRT 12 

NME: Neuromuscular Exercise, RRT refers to Running Re-Training, CERT: Consensus on Exercise Reporting Template 

Figure 2. Study type distribution of the included studies.        

SYNTHESIS OF NEUROMUSCULAR EXERCISES 

FORWARD LUNGES EXERCISE 

The forward lunge exercise was found and described in 
three protocols.37,40,41 Only one study introduced this ex
ercise between the 6th and 8th week of their protocol, spec
ifying three sets of ten repetitions.16 They emphasize 
maintaining a forward trunk inclination to reduce quadri
ceps dominance and encourage activation of the posterior 
chain muscles.. The visual feedback is incorporated in two 
studies37,40 while the auditory feedback is incorporated in 
one.37 In all three protocols, the forward lunge exercise was 
performed with both feet planted on the ground, spaced 
hip-width apart, with the front foot flat and the back foot 
on tiptoes. Visuals and progression of forward lunges are 
shown in Figure 4 

SINGLE-LEG SQUAT 

The single-leg squat exercise was found and described in 
seven protocols13,36‑41 with similarities in the NME pro
gram leading to combine the studies for analysis.13,36 

The exercise was introduced in various stages across the 
protocols: from weeks 1-8, with specific implementation 
at week 5 or between weeks 6 to 8.13,36,38,40 In contrast, 
Rambaud recommended initiating the exercise based on the 
patient’s pain threshold, starting “as soon as the pain al
lows”.39 

The prescribed sets and repetitions varied, ranging from 
2 sets of 10 repetitions, 20 repetitions per leg, to 3 sets of 
12. Adjustments were made according to pain levels in sev
eral studies. 
Five studies used a stable surface for the exercise.13,36,

38‑40 Progression was a key feature in four studies, with 
variations including increased repetitions, hold time, the 
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Figure 4. Illustrations of forward lunges exercise as described in the studies, including an example of progression                
to advanced variations. Figures A–E show a progression sequence of the same exercise performed on a stable                  
surface.  

addition of an elastic band,13,36 the introduction of an un
stable surface,39 or the inclusion of external cues.38 In
structions were emphasized in five studies with a focus on 
maintaining correct trunk and lower limb alignment.13,36,
39‑41 Visuals and progression of single-leg squat are shown 
in Figure 5 

STEP-DOWN 

The step-down exercise was described in three protocols. 
One study introduced the exercise based on the patient’s 
pain threshold,39 while two studies introduced this exercise 
starting from the third week of the program.13,36 Both stud
ies used consistent concepts for sets, repetitions, progres
sion, and instructions across different exercises, with visual 
feedback being the only feedback mechanism employed 
during the step-down exercise.13,36 Visuals and progression 
of step down are shown in Figure 6 

SQUAT WITH TRUNK ROTATION 

The squat with trunk rotation exercise was described in 
three protocols. One initiated the exercise between the first 
and eighth weeks of the program,38 while the others in
troduced it between the fifth and sixth weeks.13,36 Similar 
to their approach with the step-down exercise, two studies 
applied consistent concepts for sets, repetitions, progres
sion, and instructions, tailored to the specific requirements 
of each exercise.13,36 Visuals and progression of squat with 
trunk rotation are shown in Figure 7 

FITT ELEMENTS 

The overall results regarding the FITT components were as 
follows: Exercise frequency was set at three times per week 
in four studies.13,36,38,40 However, exercise intensity varied 

between 1 to 3 sets of 10 to 12 repetitions,13,36,40,41 and 
was adjusted based on pain levels.38 The duration of the ex
ercise programs ranged from 6 to 20 weeks.13,36,38,40,41 A 
comprehensive overview of the FITT aspects for the four ex
ercises is also presented in Figure 8. 

SYNTHESIS OF RUNNING RETRAINING PROTOCOLS 

In total, 13 studies were identified that implemented 
RRT.13,16,17,30‑39 A comparative table has been created to 
analyze the different modalities of RRT used in these stud
ies (Supplementary Table 2). 

NUMBER OF SESSIONS AND FREQUENCY 

In terms of initiation, one study started RRT from the 9th 
week,38 while the other began RRT as soon as the patient’s 
pain levels permitted.39 Regarding the frequency and total 
number of sessions, five studies implemented a total of 
eight RRT sessions over two weeks.16,17,33‑35 

The remaining studies exhibited variations, ranging 
from a single 10-minute session to one weekly session over 
twelve weeks.13,30‑32,38 Two studies integrated a four to 
six-week self-rehabilitation program.13,32 

INSTRUCTIONS 

Rehabilitation professionals provided guidance to enhance 
muscle activation and adjust kinematic, kinetic, and spatio-
temporal parameters. Spatio-temporal adjustments in
cluded increasing step cadence by 7.5 to 10% above the 
habitual cadence.13,16,30‑32,38 Kinetic adjustments focused 
on running with minimal noise and soft landings.13,30,37 

Kinematic guidelines recommended adopting a forefoot 
strike,16,17 maintaining knees apart with the patella facing 
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Figure 5. Single-leg squat exercise demonstration as outlined in the studies. Photos A–E and F–I show two                
progression sequences of the same exercise, performed on stable and unstable surfaces.             

Figure 6. Step down exercise photos as explained in studies. Photos A–E show a progression sequences of the                 
same exercise performed on a stable surface.        
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Figure 7. Squat with trunk rotation exercise demonstration as described in the studies, including an example of                
progression to more advanced stages. Photos A–C show a progression sequences of the same exercise performed                 
on a stable surface.     

forward,33‑35 keeping a straight pelvis,33 and positioning 
the body closer.37 

TYPE OF FEEDBACK 

Six studies used auditory feedback alone,13,16,30‑32,38 which 
varied between a metronome,30,32 verbal cues from a phys
iotherapist,13,16 or both.31,38 Four studies incorporated a 
combination of visual feedback (using a mirror), and audi
tory feedback (verbal cues from a physiotherapist).17,34,35,
37 

PROGRESSIVE AND NON-PROGRESSIVE FEEDBACK 

Five studies implemented a progressive feedback suppres
sion protocol.16,17,33‑35 This protocol gradually reduced the 
feedback provided, beginning the reduction from the fifth 
session out of a total of eight. For instance, two studies 
ceased providing feedback in the sixth and final week of 
their protocol.30,31 One study, in which only one 10-minute 
supervised session was conducted, discontinued feedback 
after 5 minutes.32 Similarly, terminated feedback based on 
the patient’s ability to maintain the correct step cadence 
effortlessly and consistently.38 This non-progressive ces
sation of feedback was designed to challenge patients to 
quickly adapt and rely on their internal feedback mecha
nisms to sustain the correct movements. 

THE USE OF MINIMALIST SHOES 

Two studies uniquely provided minimalist shoes to patients 
during rehabilitation process.30,31 However, during self-re
habilitation periods, patients were instructed to use their 
regular running shoes. 

SPEED 

Three studies determined their speed settings based on the 
initial running speed observed during baseline tests.30‑32 

Contrastingly, one study standardized the speed to a steady 
pace of 6 minutes per kilometer (10 km/h) throughout the 
rehabilitation process.38 Additionally, one study uniquely 
based its patients’ running speeds on their performance 
during a 30-minute run.16 

SELF-REHABLITATION 

Self-rehabilitation played a prominent component in six 
studies, underscoring its importance in the recovery 
process.30‑33,36,38 Notably, one study exclusively focused 
on self-rehabilitation.36 Two studies placed significant em
phasis on self-rehabilitation, with 80% of the rehabilitation 
activities being patient-directed.30,31 Another study incor
porated self-rehabilitation to a slightly lesser extent, with a 
75% reliance.38 

Conversely, five studies imposed restrictions on running 
outside of structured rehabilitation sessions to control re
covery environments and minimize the risk of re-injury.16,
17,33‑35 In these cases, patients were only permitted to re
sume running after a designated two-week rehabilitation 
period16,33 or at the end of the rehabilitation program.17,
35 The remaining studies encouraged their patients to re
sume their usual running program immediately after the 
two-week period.16,17,34,35 

PROGRESSION 

Overall, the retraining protocols across various studies 
show a clear progression in difficulty. Many protocols incor
porated the removal of feedback as a progression method, 
whether done gradually16,17,33‑35 or abruptly.30‑32,38 Eight 
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Figure 8. Summary of the main results regarding FITT components.         

authors emphasized the timing of progression in retrain
ing.16,17,30,31,33‑35,38 For example, some protocols included 
a 10% weekly increase in training volume or a gradual in
crease in running time from 5 or 15 minutes to 30 minutes 
over the course of 12 weeks or 8 sessions.16,17,30,31,33‑35 

In contrast, only two studies guided progression based on 
pain levels, either by ensuring that pain remains below 3/10 
on the Numeric Pain Rating Scale32 or by proceeding only 
when the patient is symptom-free.36 

DISCUSSION 

The primary objective of this scoping review was to explore 
and identify the description of both NME and RRT rehabili
tation modalities in runners with PFP. The results were very 
heterogeneous. Various NME were performed at different 
stages of rehabilitation, with the most common instruction 
being to maintain alignment of the lower limb. Visual and 
auditory feedback were frequently used. Although the num
ber of sets, repetitions, and rest periods might have seemed 
insignificant, they were all crucial elements, that were of
ten missing in many studies. The progression of NME took 

various forms, such as incorporating external focus, exter
nal perturbation, or using an unstable surface. 
Regarding RRT, the number and frequency of sessions 

varied, and the utilization of RRT appeared to be an im
portant intervention. Various instructions were given, such 
as increasing step cadence or minimizing noise while run
ning. Visual and auditory feedback were also commonly 
employed and could either be maintained or removed over 
time. Some authors provided recommendations for 
footwear during RRT. Running speed and progression var
ied among authors, with several suggesting self-rehabilita
tion. 
The existing literature on NME and RRT rehabilitation 

for runners with PFP is marked by significant variability in 
both protocol design and reporting. These inconsistencies 
create gaps in knowledge that hinder the development of 
evidence-based guidelines. 
While this review highlights the role of RRT and NME 

in PFP rehabilitation, it is important to consider their inte
gration with other established treatments. Strength train
ing, particularly targeting the quadriceps and hip muscles, 
has been widely recommended to improve muscle capacity, 
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while foot orthoses, taping, and manual therapy are often 
used to modify biomechanics and reduce pain.42 Given that 
NME focuses on motor control and movement retraining, 
it may complement strength training by enhancing neuro
muscular coordination. Similarly, RRT, which emphasizes 
gait modifications, could be optimized when combined with 
strength training or footwear adaptations. 

CONTINENT TRENDS IN RUNNERS WITH PFP 

North America and Europe have emerged as the two most 
dominant continents in research on runners with PFP with 
nearly half of the analysed studies conducted in North 
America (46%) and 0 studies from Asia or Africa. This domi
nance might be somewhat surprising given that Jie Xu et al. 
identified China and Turkey, as being among the countries 
most actively studying PFP globally.43 These findings could 
be attributed more to cultural factors, especially consider
ing that Europe and North America hosts nearly 1,250 to 
2,000 marathon events per year, with a combined marathon 
market share of over 75%. In contrast, Asia ranks third with 
fewer than 500 marathon events and less than 20% of the 
global marathon market share.1 

NEUROMUSCULAR EXERCISES 

One study found that the single-leg squat required greater 
muscle recruitment, particularly of the gluteus medius, 
compared to the forward lunge.44 Therefore, it would be 
logical to perform the single-leg squat later in rehabilita
tion, starting with easier exercises like the forward lunge. 
Surprisingly, in some protocols, both exercises were ini
tiated simultaneously.40,41 Contradicting, two studies rec
ommend a two-week interval between step-downs and sin
gle-leg squats.13,36 Additionally, Baldon et al. used NME 
with a locked knee, such as the single-leg deadlift and 
closed-chain hip external rotation, to strengthen pelvic sta
bilizers while reducing pressure on the patellofemoral 
joint.40 These exercises are a good alternative before pro
gressing to those with an unlocked knee. All authors agreed 
on the importance of controlling dynamic knee valgus by 
aligning the lower limb neutrally in the frontal plane to 
prevent pain.45 

Interestingly, a recent clinical practice guideline did not 
recommend the use of visual biofeedback on lower extrem
ity alignment during hip- and knee-targeted exercises for 
the treatment of individuals with PFP.46 In this review, 
three out of six studies that included single-leg squats used 
visual feedback (two mirror and one laser). A study demon
strated the importance of visual feedback in reducing forces 
impacting the patellofemoral joint during a squat, although 
reducing force does not always equate to less pain.47 Unlike 
RRT protocols, the authors did not mention whether there 
was a progressive reduction of feedback or not. 
Recovery time between sets and exercises are crucial 

during NME, considering that muscle fatigue can decrease 
knee proprioception and neuromuscular control.48 Remark
ably, no study specified a rest period between each set and 
each exercise. 

There is a wide variety of exercise progression used in 
the majority of studies with NME. The only controversial 
progression was in one study, which involved the use of 
unstable surfaces.39 While this technique is widely used 
in clinics practice, there is no robust evidence to confirm 
its efficacy for PFP patients. For instance, unstable plat
forms may not be effective for enhancing ankle propriocep
tion and might even hinder proprioceptive feedback from 
the ankle, favoring feedback from the trunk instead.49 This 
highlights that the intended progression of an exercise does 
not always align with its actual impact and further research 
is needed in this area. 

RUNNING RE-TRAINING 

Only two studies focused on the timing of initiating RRT.38,
39 The criteria for initiating RRT were either the timing (9th 
week)38 or the absence of pain.39 There was no unanimous 
response as most studies tested the effectiveness of differ
ent RRT techniques/program, and RRT was not part of a 
comprehensive/multimodal rehabilitation program. These 
studies mostly involved patients with chronic PFP, suggest
ing that RRT could be considered in case of treatment fail
ure. 
In terms of frequency, number, and duration of sessions, 

the results varied significantly, ranging from a single 
10-minute session13 to a total of 12 sessions.38 This dis
parity might be explained by the differences in healthcare 
systems across the countries where these studies were con
ducted. Some countries, following English-speaking coun
tries grant patients more autonomy with a greater focus on 
self-rehabilitation, whereas others follow a more paternal
istic model with highly structured sessions. However, the 
majority of studies are consistent with the following pro
tocol,33 which involves eight sessions over two weeks, pro
viding a framework for analyzing the effectiveness of RRT. 
These protocols may not integrate seamlessly with a multi
modal rehabilitation approach for PFP. 
Eleven out of the thirteen studies incorporated at least 

one type of feedback, widely regarded as a critical compo
nent of a RRT program.50 One study emphasized that the 
gradual reduction of feedback enhances motor learning,51 

a finding supported by another,50 who observed a stronger 
effect when feedback was progressively decreased. Surpris
ingly, only 38.46% (5 out of 13) of the studies implemented 
a progressive feedback reduction, with Irene Davis con
tributing as author to three of these five studies. Previous 
research suggests that simple clinician instructions—such 
as advising runners to run more quietly—can be just as ef
fective in reducing impact as expensive laboratory feedback 
equipment.52 Despite its simplicity, low cost, and time effi
ciency, only three studies adopted this technique.13,31,37 

Nielsen et al. found that runners’ progression over a 
two-week period should remain under 30% to prevent an 
increased risk of distance-related injuries.53 This guideline 
was closely followed in two studies. However, five studies 
implemented a more aggressive progression, with increases 
nearing 20% per week (40% over two weeks), resulting in 
an increase from 15 to 24 minutes over three weeks. This 
variability is understandable, given that only one study has 
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directly evaluated this risk. Additionally, injury risk is in
fluenced by a combination of factors beyond just external 
load, including biological, physical, psychological, and so
ciocultural factors.54 

CLINICAL IMPLICATION 

NME and RRT are widely implemented approaches in clini
cal practice. The significant variability in exercises and pa
rameters presented in the reviewed studies equips clini
cians with an extensive range of strategies. This flexibility 
allows them to customize exercise programs to address 
each patient’s unique responses and needs, thereby opti
mizing treatment outcomes. This emphasizes the critical 
importance of tailoring exercise programs according to 
each patient’s unique responses and individual needs.55 

LIMITATIONS 

The primary limitation of this review lies in the application 
of the definition of NME, which consequently influenced 
the inclusion and exclusion criteria of studies. This cat
egory of exercises is quite broad, which complicated the 
process of selecting or excluding studies. The lack of preci
sion in some studies required us to make subjective inter
pretations, which may have affected the consistency of the 
review. 

Despite employing rigorous and transparent methods 
throughout the process to ensure a comprehensive litera
ture search, it is possible that some relevant studies were 
overlooked. The inclusion of studies was limited to those 
published in English and French, which may have intro
duced language bias and restricted the scope of the findings 
Finally, some studies were authored by the same re
searchers or research teams, potentially emphasizing cer
tain perspectives within the field. 

CONCLUSION 

This scoping review highlights a significant research gap in 
the understanding and application of NME and RRT pro
grams for treating runners with PFP. The variability and 
lack of standardization in current studies underscore the 
need for more comprehensive and methodologically sound 
research. Researchers must ensure that exercise programs 
are reported in detail and aligned with the CERT guidelines. 
Inadequate reporting or unclear classification of exercise 
programs can compromise the quality of evidence synthe
ses and, ultimately, their findings. 
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