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ABSTRACT

Patellofemoral pain syndrome (PFPS) is one of the most common causes of
anterior knee pain in young active people and athletes. This study aimed to compare the effectiveness
of six weeks of core stability training (CST) and neuromuscular training (NMT) on knee pain, center of
pressure (COP) oscillations, and knee function in individuals with PFPS.

[VETELE This is a randomized controlled clinical trial. A total of 45 participants with PFPS were randomly
assigned to CST, NMT, or control groups. The interventions were performed at three sessions per week
for six weeks. Pain (using the visual analog scale), static balance (COP oscillations measured by a force
plate), and knee function (bilateral squat and step-down tests) were assessed before and after the
intervention. Data were analyzed using the paired t-test and ANCOVA in SPSS software, version 21.
[T Both CST and NMT groups showed significant reductions in pain intensity and COP oscillations,
and significant improvements in two knee function tests after interventions (P<0.001), while the control
group showed no significant changes after interventions. The NMT group showed more reduction in
pain intensity (P=0.001) and COP oscillations (P=0.001) and a greater increase in bilateral squat (P=0.001)
and step-down (P=0.001) test scores than the CST after interventions.

[@TEIERT Both CST and NMT methods can be effective in reducing pain and improving static balance
and knee function in individuals with PFPS, where the NMT method is more effective. It is recommended

¢ that NMT be integrated into standard rehabilitation protocols for these patients to achieve optimal
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Extended Abstract
Introduction

nterior knee pain can be a frustrating ex-

perience, especially for young people and

athletes who are active. One of the most

common causes of this discomfort is patel-

lofemoral pain syndrome (PFPS), a condi-
tion that not only affects physical performance but also daily
activities such as sitting, climbing stairs, or squatting. While
many traditional rehabilitation programs have focused on
strengthening the quadriceps alone, research in recent years
has shown that addressing the proximal muscles—those
around the hip and trunk—can make a significant difference.
Specifically, core stability training (CST) and neuromuscular
training (NMT) have emerged as promising interventions.
This study aims to compare the effects of CST and NMT
on pain, balance (center of pressure [COP]), and functional
movement in individuals with PFPS.

Methods

This is a randomized controlled clinical trial involving
45 participants diagnosed with PFPS aged 18-40. These
individuals were randomly assigned to three groups: CST
(n=15), NMT (n=15), and control (n=15). All participants
met specific inclusion criteria. They experienced anterior
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knee pain for at least four weeks, tested positive for at least
three PFPS-related signs, and had no significant structural,
neurological, or systemic conditions. The CST group en-
gaged in exercises designed to enhance control and strength
in the core muscles (e.g. back bridge, quadriceps raise, side
step up and down, unilateral bridge), while the NMT group
trained using balance drills, proprioceptive tasks, and hip sta-
bilization exercises. Both intervention groups trained three
times per week for six weeks. The control group received no
formal intervention. The Pain (using the visual analog scale
[VAS])), static balance (COP oscillations, measured using
a force plate), and knee function (bilateral squat and step-
down tests) were assessed before and after the intervention.
The Data were analyzed using the paired t-test (for within-
group comparisons) and ANCOVA, adjusting for the pre-test
score (for between-group comparisons).

Results

After the end of the six-week intervention, participants
in both CST and NMT groups reported significantly less
pain, greater balance, and improved functional movement
compared to the control group (P<0.001). Participants in
the NMT group experienced greater reductions in pain and
COP oscillations (improved postural control), and better per-
formance in functional movement tests, including bilateral
squat and step-down tests (Table 1).

Table 1. Comparison of mean scores for the study variables within groups

MeantSD
Variables Group P
Pre-test Post-test
NMT 248.63+74.25 184.96+45.10 0.001
COP oscillations CST 242.62+37.56 219.04+36.36 0.001
Control 250.50+42.61 254+42.49 0.082
NMT 5.35£0.21 3.2320.44 0.001
VAS CST 5.30+0.33 4.03+0.34 0.001
Control 5.27+0.35 5.11+0.33 0.071
NMT 9.60£1.99 13.73+2.12 0.001
Bilateral squat CST 9.93+£1.58 11.67+1.95 0.001
Control 9.33+1.54 8.93+1.91 0.054
NMT 5.67+1.67 9.73+2.15 0.001
Step-down test CST 6.13+1.25 11.20+2.54 0.001
Control 5.93+1.16 5.73+£1.22 0.271
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Conclusion

This study provides strong evidence that both CST and
NMT methods can be effective in managing PFPS, where
the NMT method is more effective. By addressing not just
strength, but also proprioception, balance, and dynamic
control, NMT provides a more holistic approach to reha-
bilitation. It helps PFPS individuals relearn how to move
efficiently, reduce compensatory patterns, and ultimately
return to their activities with less pain and more confi-
dence. From a clinical perspective, these findings suggest
that NMT should be integrated into PFPS rehabilitation
programs, particularly for those who struggle with dy-
namic postural control or have recurrent pain. Physical
therapists, coaches, and sports medicine professionals
should consider prioritizing neuromuscular approaches,
especially when traditional protocols fall short. We also
encourage further research to explore how long these ben-
efits persist and whether combining CST with NMT can
yield even greater results over time.
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1. Back Bridge, 2. Quadriceps Raise, 3. Side Step Up and Down, 4. Unilateral Bridge
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