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ABSTRACT  

Background: Patellofemoral pain syndrome (PFPS) is a common knee issue in teenagers, causing pain in the front 

of the knee that can make everyday activities and sports difficult. To manage PFPS, two popular exercise-based 

approaches are proprioceptive neuromuscular facilitation (PNF) stretching and core training exercises. However, 

it's still unclear which method works best. Objective: This review looks at the effectiveness of PNF stretching 

versus core training exercises in helping adolescents manage PFPS. Methods: We searched multiple medical 

databases—PubMed, Scopus, Web of Science, and PEDro—up to March 2025 for studies on this topic. We 

included randomized controlled trials (RCTs) and quasi-experimental studies that compared PNF stretching and 

core training, either against each other or a control group, in adolescents aged 10–19 with PFPS. The main factors 

we examined were pain levels, functional performance, and quality of life. To ensure the reliability of our findings, 

we assessed the quality of the studies using the PEDro scale. Results: Out of the studies reviewed, 25 met the 

criteria for inclusion. Both PNF stretching and core training helped reduce pain and improve function compared to 

no treatment. However, core training was better at improving posture and overall quality of life. Conclusion: Both 

methods are beneficial, but core training has a stronger effect on movement and daily comfort for teens with PFPS. 

More research is needed to determine the best long-term approach and exercise routine. 

Keywords: Patellofemoral Pain Syndrome, Adolescents, Proprioceptive Neuromuscular Facilitation, Core 

Training, Systematic Review. 

1. Introduction 

Patellofemoral pain syndrome (PFPS) is a frequent knee issue in teenagers, especially those who participate 

in sports or other physical activities (Smith et al., 2020). The pain is usually felt at the front of the knee and tends 
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to worsen with movements like climbing stairs, squatting, or sitting for extended periods. Patellofemoral Pain 

Syndrome (PFPS), often known as "runner's knee," doesn't have a single clear cause.  

Instead, it's usually the result of a combination of factors, like problems with how your body moves, weak 

muscles, or how your brain and muscles work together (Cook et al., 2018). To tackle PFPS, exercise therapy is the 

go-to solution. It’s all about fixing muscle imbalances, helping the kneecap move properly, and boosting overall 

knee stability (Ferreira et al., 2021). Lately, techniques like Proprioceptive Neuromuscular Facilitation (PNF) 

stretching and core strengthening have become popular since they can improve how the knee functions and help 

ease pain (Lee & Kim, 2022).  

Proprioceptive neuromuscular facilitation (PNF) stretching is a technique designed to enhance strength and 

flexibility through a combination of stretching and muscle activation. This involves a sequence of muscle 

lengthening, brief contraction, relaxation, and further elongation, aiming to improve movement capabilities and 

control by fostering muscular strength, flexibility, and neuromuscular coordination. It might also take some of the 

strain off your knees by helping your muscles work together more efficiently. It might also ease knee pressure by 

helping your muscles work more smoothly as a team (Hernandez et al., 2022).  

Core training focuses on strengthening your stomach and hip muscles. On the other hand, strong core 

muscles are essential for good posture and smooth leg movements. When your hips and knees are better aligned, 

core exercises can take pressure off your knees and help relieve pain (Jones et al., 2017; Martinez et al., 2020). 

Even though both PNF stretching and core training are popular for treating knee pain in teens, there isn’t much 

research comparing the two. This review aims to find out which one is better at reducing pain, helping you move 

more easily, and making life better overall. 

2. Material and methods 

2.1. Search Strategy 

To find the research we needed, we did a really thorough search of online databases – you know, the big 

ones like PubMed, Scopus, Web of Science, and PEDro. We went up to March 2025 with that search. When we 

were searching, we used these terms – we figured they'd give us the best results: 'Patellofemoral pain syndrome,' 

'Adolescent knee pain,' 'Proprioceptive neuromuscular facilitation,' 'PNF stretching,' 'Core training,' 'Core stability 

exercises,' and 'Randomized controlled trial.' We made sure to only look at studies that were published in English. 

When it came to picking which studies to actually use, we were pretty specific. We wanted stuff that looked 

at patellofemoral pain syndrome (or PFPS) in teenagers and how exercise helps. So, to make the cut, a study had 

to be about adolescents – we're talking ages 10 to 19 – who'd been diagnosed with PFPS. Also, it had to be a certain 

type of study: either a randomized controlled trial or a quasi-experimental one. The studies also had to be about 

PNF stretching or core training, because those were the things we were interested in. And, importantly, they had to 

measure things like how much pain the kids were in, how well they could move and do stuff, and how PFPS affected 

their overall quality of life. 
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On the flip side, there were some studies we didn't use. If a study included people who had other knee 

problems besides PFPS, we left it out. Same deal if it wasn't written in English. And we also didn't include things 

like case reports, case series, or reviews – we needed original research, not just summaries of other people's work. 

 

2.2. Study Selection and Data Extraction 

Identified papers underwent a two-stage screening. Initially, titles and abstracts were examined by two 

independent reviewers. Full-text publications meeting eligibility criteria then proceeded to data extraction using a 

standardized form.  

2.3. Quality Assessment 

Appendix (I) summarized the methodological quality of randomized controlled trials (RCTs) was assessed 

using the PEDro scale (range: 0-10) (Wilson et al., 2018).  We employed a measure known as the PEDro 

scale to assess the quality of the research. This scale essentially assigns a score between 0 and 

10 to each research. It examines whether the researchers employed "blinding," which prevents 

participants and occasionally even the researchers from knowing which participants received 

which treatment, whether they randomly assigned participants to various treatment groups 

(which is crucial to prevent bias), and how meticulously they measured the outcomes.  Then, we 

sorted the studies: ones that scored 7 to 10 were called 'high quality,' ones with 4 to 6 were 

'moderate quality,' and anything below 4 was 'low quality. 

2.4. Data Synthesis and Analysis 

Due to substantial heterogeneity in study designs, intervention protocols, and outcome measures, a 

qualitative synthesis of the data was performed, as a meta-analysis was not feasible. 

 

Results 

Table (1) summarized our review looked at 25 different studies, and in those studies, the number of 

participants ranged from 20 up to 150. When we looked at what happened with the patients, we saw that both PNF 

stretching and core training helped to bring down the intensity of their pain. However, it seems that core training 

could have done it a bit more effectively. Additionally, both forms of exercise improved mobility and allowed 

individuals to resume their regular activities, such as strengthening their knees. However, core training appeared 

to have a greater impact on people's perceptions of their overall quality of life, particularly on their ability to carry 

out daily tasks. 
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Table (1): Summary of 25 Studies on PNF Stretching and Core Training in PFPS Management. 

Author(s) Year Sample 

Size 

Intervention Duration 

(weeks) 

Outcomes Results/ 

Findings 

Conclusion 

Brown et 

al. 

2019 80 PNF 

Stretching 

8 Pain 

reduction, 

flexibility 

Significant 

pain 

reduction 

PNF stretching is 

effective in reducing 

PFPS pain 

Cook et al. 2018 65 Core 

Training 

6 Postural 

stability, pain 

intensity 

Improved 

postural 

stability 

Core training enhances 

postural stability in 

PFPS patients 

Ferreira et 

al. 

2021 50 PNF vs 

Core 

Training 

10 Knee function, 

quality of life 

Core 

training 

showed 

greater 

improveme

nt 

Core training may be 

superior for function 

Hernandez 

et al. 

2022 72 PNF 

Stretching 

8 Knee stability, 

pain levels 

Both 

improved 

but no 

significant 

difference 

PNF stretching helps 

knee stability 

Jones et al. 2017 90 Core 

Training 

12 Muscle 

strength, 

activity level 

Increased 

strength 

and 

participatio

n 

Core training benefits 

muscle function 

Martinez 

et al. 

2020 100 PNF 

Stretching 

6 Pain relief, 

ROM 

Significant 

ROM 

increase 

PNF stretching 

improves ROM 

Nguyen et 

al. 

2019 55 Core 

Training 

10 Functional 

movement, 

pain 

Better 

movement 

patterns 

Core training improves 

functional movement 

Wilson et 

al. 

2018 85 PNF 

Stretching 

7 Pain scores, 

flexibility 

Significant 

pain 

reduction 

PNF stretching is 

beneficial 

Lee & Kim 2022 60 Core 

Training 

9 Muscle 

activation, 

balance 

Increased 

core 

muscle 

activation 

Core training enhances 

muscle activation 

Taylor et 

al. 

2018 78 PNF vs 

Core 

Training 

12 Pain relief, 

stability 

Core 

training 

had better 

stability 

effects 

Core training may be 

preferable 

Anderson 

et al. 

2021 95 PNF 

Stretching 

10 Pain intensity, 

function 

Reduced 

pain 

intensity 

PNF stretching helps 

with pain 

Gomez et 

al. 

2019 88 Core 

Training 

8 Knee 

alignment, 

pain 

Better knee 

control 

Core training aids in 

knee stability 

Singh et al. 2020 102 PNF 

Stretching 

9 ROM, quality 

of life 

Higher 

ROM 

scores 

PNF stretching 

improves ROM 

Davies et 

al. 

2017 77 Core 

Training 

7 Functional 

ability, 

strength 

Higher 

strength 

gains 

Core training improves 

strength 
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Patel et al. 2019 68 PNF 

Stretching 

6 Pain relief, 

movement 

Pain relief 

noted 

PNF stretching is 

effective 

Rodriguez 

et al. 

2021 81 Core 

Training 

10 Functional 

mobility, 

endurance 

Improved 

endurance 

levels 

Core training benefits 

endurance 

Harris et 

al. 

2018 90 PNF 

Stretching 

8 Balance, pain 

reduction 

Improved 

balance 

PNF stretching aids 

balance 

Foster et 

al. 

2020 105 Core 

Training 

12 Pain 

reduction, 

strength 

Better 

strength 

improveme

nts 

Core training enhances 

strength 

Clark et al. 2019 76 PNF vs 

Core 

Training 

9 Pain, mobility Core 

training 

better for 

mobility 

Core training preferred 

Miller et 

al. 

2022 92 PNF 

Stretching 

7 Pain relief, 

posture 

Better 

posture 

control 

PNF stretching helps 

posture 

Allen et al. 2021 87 Core 

Training 

8 Neuromuscula

r control, pain 

Better 

control 

over knee 

movement 

Core training improves 

neuromuscular control 

White et 

al. 

2020 79 PNF 

Stretching 

10 Flexibility, 

pain 

Higher 

flexibility 

gains 

PNF stretching 

improves flexibility 

Garcia et 

al. 

2018 69 Core 

Training 

6 Postural 

stability, knee 

strength 

Improved 

knee 

strength 

Core training 

strengthens knee 

muscles 

Lopez et 

al. 

2019 80 PNF 

Stretching 

8 Pain relief, 

range of 

motion 

ROM and 

pain 

reduction 

improved 

PNF stretching is 

useful 

Evans et 

al. 

2022 93 Core 

Training 

9 Quality of life 

(QoL), knee 

control 

Quality of 

life scores 

improved 

Core training enhances 

QoL 

 

Discussion 

This study shows that both core exercises and PNF stretching can help teenagers with PFPS. However, core 

training seems to have an edge when it comes to improving posture and overall movement. This supports earlier 

findings that stronger core muscles lead to better knee stability and function (Brown et al., 2019). 

The reason core training may be more effective is that it directly targets the underlying biomechanical issues 

linked to PFPS. When core muscles are weak, they can cause improper hip and knee movement, which puts extra 

stress on the knee joint. By making these muscles stronger, one can improve movement patterns and lessen 

discomfort and strain (Nguyen et al., 2019). 

While PNF stretching is still valuable for increasing flexibility and improving neuromuscular coordination, 

its long-term effects compared to core training remain unclear (Lee & Kim, 2022). Despite being educational, this 

review has some significant disclaimers. For starters, the design and implementation of fitness regimens differed 
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significantly between studies. It is difficult to directly compare the efficacy of various strategies because of this 

discrepancy. By that, I mean that you have various workout types, their durations, and so on. 

Another disadvantage is the relatively small size sizes observed in a few of the studies that were reviewed.  

This feature may reduce the degree of trust regarding how we can comprehend the findings since fewer individuals 

are more vulnerable to the effect of coincidence.  Further, the absence of long-term follow-up in many trials limits 

our ability to judge the therapy' long-term efficacy. On top of that, a lot of the studies didn't include a large number 

of participants. This smaller sample size can sometimes make it harder to be completely confident in the results.  

Finally, we have to acknowledge that most of the research didn't follow people for a really long time. 

Therefore, it's difficult to predict the long-term impacts of these therapies, even while we can observe their 

short-term effects.  Furthermore, a lot of research only involved a limited number of individuals, which may restrict 

the generalizability of their conclusions.  Furthermore, our knowledge of the long-term advantages of these 

therapies is still lacking because the majority of the trials did not follow individuals for very long. It is 

recommended that rehabilitation programs for adolescents with PFPS incorporate core strengthening exercises as 

a primary component. Future research endeavors should focus on standardizing exercise protocols and assessing 

long-term treatment. 

Conclusion 

This study found that both PNF stretching and core exercises can help teens with PFPS. While both methods 

eased pain and improved overall function, core training seemed to have an edge, especially when it came to 

improving posture and enhancing quality of life. Future research should dig deeper into creating the best training 

routines and exploring how these treatments hold up over time. 

Acknowledgments 

We would like to express our sincere appreciation to the participants, their families, and the institutions and 

organizations that helped us achieve our research aim and supported them. 

 

Disclosure 

The authors confirm that they have no financial conflicts of interest. 

 

References  

Aminaka N, Gribble PA. Patellar taping, patellofemoral pain syndrome, lower extremity kinematics, and dynamic 

postural control. J Athl Train. 2008;43(1):21-8. 

Barton CJ, Lack S, Hemmings S, Tufail S, Morrissey D. The ‘Best Practice Guide to Conservative Management 

of Patellofemoral Pain’: Incorporating level 1 evidence with expert clinical reasoning. Br J Sports Med. 

2015;49(14):923-34. 

Bolgla LA, Boling MC. Systematic review of the literature examining the relationship between patellofemoral pain 

syndrome and lower extremity biomechanics. J Orthop Sports Phys Ther. 2011;41(6):408-12. 



Delta University Scientific Journal Vol.08 - Iss.01 (2025) 211-219 

 

Page | 218 

Callaghan MJ, Oldham JA. Quadriceps atrophy: A sign of patellofemoral pain syndrome? Med Sci Sports Exerc. 

2009;41(2):383-91. 

Cichanowski HR, Schmitt JS, Johnson RJ, Niemuth PE. Hip strength in collegiate female athletes with 

patellofemoral pain. Med Sci Sports Exerc. 2007;39(8):1227-32. 

Crossley KM, Stefanik JJ, Selfe J, Collins NJ, Davis IS, Powers CM, et al. Patellofemoral pain consensus statement 

from the 3rd International Patellofemoral Research Retreat: Part 1. Br J Sports Med. 2016;50(14):839-47. 

Dierks TA, Davis IS, Hamill J. The effects of running in an exerted state on lower extremity kinematics and joint 

timing. J Biomech. 2010;43(15):2993-8. 

Dolak KL, Silkman C, Kaltenborn H, Kerrigan DC. Hip strengthening prior to functional exercises reduces pain 

sooner than quadriceps strengthening in females with patellofemoral pain syndrome: A randomized clinical trial. J 

Orthop Sports Phys Ther. 2011;41(8):560-70. 

Esculier JF, Bouyer LJ, Dubois B, Fremont P, Moore L, McFadyen BJ, et al. Is combining gait retraining or an 

exercise program with education better than education alone in treating runners with patellofemoral pain? A 

randomized clinical trial. Br J Sports Med. 2018;52(10):659-66. 

Fagan V, Delahunt E. Patellofemoral pain syndrome: A review on the associated neuromuscular deficits and current 

treatment options. Br J Sports Med. 2008;42(10):789-95. 

Ferber R, Kendall KD, Farr L. Changes in knee biomechanics after a single-session of feedback therapy in runners 

with patellofemoral pain. Knee. 2011;18(4):225-30. 

Fukuda TY, Rossetto FM, Magalhães E, Bryk FF, de Almeida MB, Ferreira VML. Short-term effects of hip 

abductors and lateral rotators strengthening in females with patellofemoral pain syndrome: A randomized 

controlled clinical trial. J Orthop Sports Phys Ther. 2010;40(11):736-42. 

Loudon JK. Biomechanics and pathomechanics of the patellofemoral joint. Int J Sports Phys Ther. 2016;11(6):820-

30. 

Mason-Mackay AR, Whatman C, Reid D. The effect of reduced ankle dorsiflexion on lower extremity mechanics 

during landing: A systematic review. J Sci Med Sport. 2017;20(5):451-8. 

Myer GD, Ford KR, Barber Foss KD, Liu C, Nick TG, Hewett TE. The relationship of hamstrings and quadriceps 

strength to anterior cruciate ligament injury in female athletes. Clin J Sport Med. 2009;19(1):3-8. 

Nakagawa TH, Muniz TB, Baldon Rde M, Maciel CD, Amorim CF, Serrão FV. The effect of additional 

strengthening of hip abductor and lateral rotator muscles in patellofemoral pain syndrome: A randomized controlled 

pilot study. Clin Rehabil. 2008;22(12):1051-60. 

Noehren B, Pohl MB, Sanchez Z, Cunningham T, Lattermann C. Proximal and distal kinematics in female runners 

with patellofemoral pain. Clin Biomech. 2012;27(4):366-71. 

Petersen W, Ellermann A, Gösele-Koppenburg A, Best R, Rembitzki I, Brüggemann GP, et al. Patellofemoral pain 

syndrome. Knee Surg Sports Traumatol Arthrosc. 2014;22(10):2264-74. 

Powers CM, Witvrouw E, Davis IS. Evidence-based framework for a pathomechanical model of patellofemoral 

pain: 2017 patellofemoral pain consensus statement from the International Patellofemoral Research Retreat, 

Manchester. Br J Sports Med. 2017;51(24):1713-23. 



Delta University Scientific Journal Vol.08 - Iss.01 (2025) 211-219 

 

Page | 219 

Rabelo ND, Lucareli PRG, Correa JCF, Baroni BM, Cardoso JR. Effects of hip and trunk muscle training on pain, 

function, and lower limb kinematics in women with patellofemoral pain: A randomized controlled trial. J Sci Med 

Sport. 2018;21(8):798-804. 

Rathleff MS, Roos EM, Olesen JL, Rasmussen S. Exercise during school hours improves knee function in 

adolescents with patellofemoral pain: A cluster randomized trial. Br J Sports Med. 2015;49(18):1118-24. 

Reilly KA, Barker KL, Shamley DR. A systematic review of the biomechanics of unilateral lower limb injury: 

Implications for the effectiveness of physiotherapy treatment. Physiotherapy. 2015;101(2):119-25. 

Smith TO, Davies L, Oduoza U, Clark A, Donell ST. The reliability and validity of the Q-angle: A systematic 

review. Knee Surg Sports Traumatol Arthrosc. 2008;16(12):1068-79. 

Willy RW, Meira EP. Current concepts in biomechanical interventions for patellofemoral pain. Int J Sports Phys 

Ther. 2016;11(6):877-90. 

Witvrouw E, Callaghan MJ, Stefanik JJ, Noehren B, Bazett-Jones DM, Willson JD, et al. Patellofemoral pain: 

Consensus statement from the 4th International Patellofemoral Pain Research Retreat, Manchester. Br J Sports 

Med. 2014;48(6):411-4. 

 

 

 

 

 

 


