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ABSTRACT

Background: The effect of Proprioceptive Neuromuscular Facilitation (PNF) stretching, in addition 
to standard stretching, improves anticipatory balance in athletes with Cerebral Palsy (CP). We aimed 
to analyze the effects of PNF stretching to standard training over 4 weeks on anticipatory balance in 
Cerebral Palsy athletes at 6-month post-intervention evaluation. 
Methods: The subjects of this study are 24 athletes with Cerebral Palsy at the Indonesian National 
Paralympic Committee (NPC) training facility. Subjects divided into the treatment group (n = 12) 
received standard stretching exercises along with PNF stretching, and the control group (n = 12) 
performed only standard stretching exercises. Both groups received intervention 3 times per week 
for 4 weeks and evaluation 6 months post-intervention. Y balance tests (YBT) were measured in 
three directions: anterior (A), posterolateral (PL), and posteromedial (PM), pre- and post-intervention.
Results: There was significant improvement of YBT in the treatment group after 4 weeks of 
intervention. For the right and left limbs, marked increases were observed in all directions (p < 
0.05). No significant improvements in YBT were observed at 6 months post-intervention in all 
directions (p > 0.05).
Conclusions: Significant improvements in the Y Balance Test were observed after 4 weeks, but 
no differences between the two groups at the 6-month evaluation. These findings suggest that 
while short-term gains in dynamic stability are achievable with PNF, sustained benefits require 
ongoing reinforcement to maintain neuromuscular adaptations over time.
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INTRODUCTION

Participation in sports and exercise among individuals 
with Cerebral Palsy has been rapidly expanding, both 
in rehabilitation and professional sports, as evidenced 
by the growth of the Paralympic Games.1 Cerebral 
Palsy athletes are at a higher risk of developing 
overuse syndrome, muscle strain, chronic knee pain, 
patellofemoral issues, and chondromalacia.1 During 
training and competition, Cerebral Palsy athletes are 

constantly challenged by dynamic movements such 
as walking, running, and jumping.2 Dynamic balance 
assessments provide more specific insights for 
para-athletes compared to static balance eval-
uations. Research over the past two decades 
has prioritized the study of successful standing 
postures and active movement strategies in stable 
positions. Balance control systems have also been 
developed based on diverse principles, including 
linear motion regulation, angular movement 
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control, predictive modeling, and virtual stabilization 
mechanisms.3 Multiple methodologies exist for 
studying anticipatory balance. Research-developed 
strategies include rapid movement transitions 
and dynamic environmental interactions, which 
optimize the center-of-mass reference trajectory 
(CMRT) through task-specific movements, such as 
forward-fall responses to provoke balance-stabilizing 
reflexes.3 The Star Excursion Balance Test (SEBT) 
has gained recognition as a tool for assessing lower 
extremity injury risk. However, its practical-
ity is limited by the time required to perform all 
eight directional reach tasks. To address this, the 
Y Balance Test (YBT) was designed to streamline 
assessment by focusing on three primary SEBT 
directions: anterior (A), posteromedial (PM), and 
posterolateral (PL).4

	 Numerous athletes integrate stretching 
into their pre-exercise regimens as a fundamental 
component of warm-up protocols. Stretching 
serves multiple objectives, such as mitigating 
injury risks, alleviating muscle discomfort, and 
optimizing physical performance. It is character-
ized as a structured exercise regimen aimed at 
maximizing joint range of motion (ROM) to its 
anatomically achievable limits. Widely utilized 
techniques encompass Proprioceptive Neuro-
muscular Facilitation (PNF), static stretching, 
and isometric stretching. PNF integrates static holds 
with isometric contractions, enabling enhanced 
muscle elongation by augmenting neuromuscular 
signalling via controlled muscle activation. This 
method involves voluntary contractions (5–10 
seconds) followed by targeted relaxation phases 
(5–10 seconds) to facilitate progressive flexibility 
gains.5

	 A case study involving a 19-year-old 
individual with spastic diplegic cerebral palsy 
demonstrated that the benefits of a 4-week PNF 
stretching regimen persisted for 4 months 
post-intervention when supplemented with 
home-based exercises.6 Furthermore, a comparative 
analysis revealed that combining PNF stretching 
with conventional therapy yielded superior long-

term enhancements in balance and gait parameters 
compared to standard interventions alone, with 
these improvements remaining evident 6 months 
after therapy discontinuation. 

MATERIAL AND METHODS

Study Design
The study is a single-arm study with a 
pretest–posttest design to evaluate out-
comes over a defined follow-up period. 
It was carried out at the Indonesian National 
Paralympic Committee (NPC) training center, 
Surakarta, Indonesia, in February 2024.

Ethical Clearance
Ethical approval for this study was granted by 
the Health Research Ethics Committee of Prof. 
Dr. R. Soeharso Orthopedics Hospital, 
Surakarta, Indonesia, under clearance number: 
IR.03.01/D.XXV.3/3997/2023.

Participant Criteria
The participants were athletes with Cerebral Palsy 
(CP) who met the following inclusion criteria: 1) 
classified as CP 5, CP 6, CP 7, or CP 8 according 
to the Cerebral Palsy–International Sports and 
Recreation Association (CP-ISRA); 2) male or 
female aged 18–40 years; 3) possessing normal 
cognitive function; 4) willing to participate in the 
study and provide informed consent; and 5) 
approved by the team physician. The exclusion 
criteria were as follows: 1) musculoskeletal in-
juries within the last month; 2) currently engaged 
in a high-intensity training program at a frequency 
of 2–3 times per week during the past month; 3) 
pregnancy; and 4) complaints of lower limb pain with 
a Wong-Baker Faces Scale (WBFS) score exceeding 
4. The dropout criteria included the following: 1) the 
subject voluntarily withdraws from the study for 
any reason; 2) the subject fails to complete the 
training protocol as required, misses more than two 
consecutive sessions, or exceeds 20% total absences 
(a maximum of three missed training sessions); 3) 
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the subject develops an illness that prevents con-
tinuation in the study; 4) the subject passes away; 
and 5) the subject is found to have cardiovascular, 
pulmonary, or musculoskeletal disorders, as 
indicated by symptoms such as pain, swelling, 
redness, warmth, numbness, fractures, sprains, 
strains, weakness, loss of hand coordination, or 
difficulty in movement, rendering them ineligible 
to continue participation.

Procedure
The subjects of the study were 12 athletes with 
Cerebral Palsy. Subjects were prescribed standard 
stretching exercises with stretching using the PNF 
technique. Proprioceptive Neuromuscular Facilitation 
stretching exercises targeting the quadriceps and 
hamstrings of each leg. The routine includes passive 

hamstring stretching, hamstring contraction, and 
quadriceps contraction, each held for 30 seconds. 
This sequence should be repeated for 4-5 sets, with a 
20-30 second rest between sets. The exercise should 
be conducted three times per week for a duration of 4 
weeks. The flowchart of the study design is summarized 
in Figure 1. Evaluation of anticipatory balance 
uses the Y Balance Test, performed 6 months after 
the intervention period to evaluate the long-term 
retention of neuromuscular adaptations.

Data Collection and Statistical Analysis
The data obtained were analyzed using IBM SPSS 
Statistics for macOS, Version 27.0 (IBM Corp., 
Armonk, NY, USA). The change in scores was 
calculated using a paired sample test with the 
Wilcoxon Sign Rank Test. The effect size was 

Assessed for eligibility (n =12)

Inclusion Criteria

Exclude

Inform consent

Subject (n = 12)

•	 Anticipatory balance test with Y Balance Test (YBT)
•	 Standard stretching exercise

Figure 1. Flowchart of the study

•	 Anticipatory balance test with Y Balance Test (YBT)
•	 Lost to follow up (n = 0)

Analysis

Analysed (n = 12)
Excluded from analysis (n = 0)

Follow-up after 
6 months intervention
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Variable n = 12
Mean ± SD

Age (years) 26.08 ± 4.62
Body Height (cm) 168.33 ± 7.17
Body Weight (kg) 61.22 ± 9.50
Body Mass Index (kg/m2) 21.43 ± 1.85
Classificatin CP ISRA

6-7 7 (58,3%)
7 1 (8,3%)

7-8 4 (33,3%)
CP Type

Hemi Dextra 7 (58,3%)
Hemi Sinistra 4 (33,3%)

Athetoid 1 (8,3%)
Double Hemi 0 (0%)

Mono 0 (0%)
Spastic Diplegic 0 (0%)
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calculated (Cohen's D) and statistical significance 
defined as p < 0.05. Subject should wear comfortable 
clothing that allows free leg movement, with 
training conducted at their optimal time, preferably 
after adequate rest and meals, avoiding strenuous 
physical activity beforehand. PNF exercises are per-
formed at the Indonesia NPC Training Center or other 
designated facilities, with wheelchairs, safety boxes, 
and emergency kits available. Before and during the 
session, patient assessments include recording com-
plaints, Borg Scale ratings, pulse, blood pressure, 
and oxygen saturation. The session begins with 30 
seconds of passive hamstring stretching, followed 
by a 15-second hamstring contraction within the 
joint’s limited range, then 15 seconds of quadriceps 
contraction at 20–30% of maximum effort. This 
sequence is repeated for 4–5 sets, with 20–30 seconds 
of rest between sets, performed three times per week 
for four weeks. 
	 Training volume is increased progressively 
by extending duration and contraction intensity 
according to the patient’s condition. If fatigue or 
complaints arise, the session is paused for rest and 
resumed when the patient is ready. Training is 
temporarily stopped if the patient experiences symp-
toms such as chest pain, dizziness, or fatigue; 
muscle or joint pain with a WBS > 4; shortness of 
breath with a respiratory rate > 24/min; diastolic blood 
pressure ≥ 110 mmHg, resting systolic ≥ 180 
mmHg, or exercise systolic > 200 mmHg; resting heart 
rate > 120 bpm; or fever > 37.5°C. Pulse, blood 
pressure, and oxygen saturation are rechecked after 
each session. Patients must be accompanied by 
at least one trained healthcare professional, such 
as a rehabilitation medicine resident or physio-
therapist, throughout the training.
	 These exercises are performed regularly and 
in a structured schedule, tailored to each athlete with 
Cerebral Palsy based on the specific requirements of 
their respective sports disciplines. Contraindications for 
doing exercise are: 1) joint movement may be restricted 
by a bony block or an incomplete bone healing process 
in the case of a recent fracture; 2) acute inflammation 
or signs of infection, such as heat and swelling, 

Table 1. Characteristics of the research subjects

or impaired soft tissue healing in the affected area, 
should be taken into consideration; 3) sharp in acute 
pain during joint movement or muscle stretching, 
as well as the presence of hematoma or other signs 
of tissue trauma, indicate the need for caution; 4) 
hypermobile joints also require special attention; 
5) additionally, soft tissue shortening may serve a 
functional purpose by providing necessary joint 
stability in cases of structural or neuromuscular 
deficits; 6) in some situations, soft tissue shortening 
allows patients with paralysis or severe muscle 
weakness to perform specific functional activities 
that would otherwise be impossible.

RESULTS

The study included 12 subjects that met the inclusion 
criteria. General characteristics of the study subjects 
in both groups are shown in Table 1.
	 Table 2 showed significant improvements 
in Y Balance Test reach distances following a 
4-week PNF stretching intervention. For the 
right limb, marked increases were observed in 
the all directions anterior (p < 0.001), posterolateral 
(p < 0.001), and posteromedial (p < 0.001). Similarly, 
the left limb exhibited significant gains in the all 
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directions anterior (p < 0.001), posterolateral  (p 
< 0.001), and posteromedial (p < 0.002). Large 
effect sizes (Cohen’s D > 0.8) were identified 
across all directions: anterior (right: D = 1.60; left: 
D = 1.26), posteromedial (right: D = 1.58; left: D = 
1.19), and posterolateral (right: D = 1.56; left: D = 
1.19), underscoring the intervention’s substantial 
clinical impact on dynamic balance. 
	 Table 3 showed no significant difference 
after 6 months post-intervention evaluation of 
the YBT following PNF stretching revealed no 
statistically significant improvements in reach 
distances from the standing position. For the 
right limb, non-significant changes were ob-
served in all directions anterior (p = 0.082), 
posteromedial (p = 0.318), and posterolateral 
(p = 0.851). Similarly, the left limb showed no 
significant gains in all directions anterior (p = 
0.870), posteromedial (p = 0.120), or posterolat-
eral (p = 0.613). Effect sizes were categorized 
as follows: Medium effect (0.5 ≤ d < 0.8): Right 
limb anterior (d = 0.55), right limb posteromedial 
(d = 0.30), left limb posteromedial (d = 0.48), 
and left limb posterolateral (d = 0.15). Small effect 
(0.2 ≤ d < 0.5): Left limb anterior (d = 0.04) and 
right limb posterolateral (d = 0.05). These results suggest 
that the PNF intervention’s impact on anticipatory 

balance diminished over time, with only modest 
residual effects observed at 6 months. 

DISCUSSION

To the authors' knowledge, this is the first study 
in Indonesia to use the YBT to assess anticipato-
ry balance in athletes with Cerebral Palsy. The 
cohort included 12 athletes (aged 18–40 years) 
who met predefined inclusion criteria and under-
went a 4-week intervention comprising standard 
stretching protocols integrated with Proprioceptive 
Neuromuscular Facilitation techniques, administered 
three times weekly. A six-month post-intervention 
follow-up period was implemented to evaluate 
the sustainability of neuromuscular adaptations 
and long-term retention of balance improvements.
	 Research was conducted at the NPC 
Indonesia Training Center in Surakarta City 
February 2024. Due to the limited number of 
subjects, gender homogenization was not fea-
sible, so a total sampling method was applied. 
Average age was 26.08 ± 4.62 years, respectively, 
indicating that most participants were within the 
productive age range, which supports their ability to 
perform muscle-strengthening exercises with mini-
mal injury risk and good awareness. Mean Body 

No Variable Pre (cm) Post (cm) pa Effect Size
1 Anterior dextra 73.33 ± 15.95 91.33 ± 15.19 0.000 1.60
2 Anterior sinistra 81.16 ± 18.92 96.66 ± 15.60 0.001 1.26
3 Posteromedial dextra 65.83 ± 11.53 87.08 ± 18.55 0.000 1.58
4 Posteromedial sinistra 71.41 ± 14.60 89.41 ± 20.01 0.002 1.19
5 Posterolateral dextra 77 ± 11.09 101.58 ± 16.99 0.000 1.56
6 Posterolateral sinistra 79.33 ± 15.46 103 ± 17.97 0.000 1.92

   a) Paired t-test *) Significant if p < 0.05

Table 2. Result after 4 weeks intervention

No Variable Post 4 weeks (cm) Evaluation 6 Months 
after Intervention (cm)

pa Effect Size

1 Anterior dextra 73.33 ± 15.95 91.33 ± 15.19 0.000 1.60
2 Anterior sinistra 81.16 ± 18.92 96.66 ± 15.60 0.001 1.26
3 Posteromedial dextra 65.83 ± 11.53 87.08 ± 18.55 0.000 1.58
4 Posteromedial sinistra 71.41 ± 14.60 89.41 ± 20.01 0.002 1.19
5 Posterolateral dextra 77 ± 11.09 101.58 ± 16.99 0.000 1.56
6 Posterolateral sinistra 79.33 ± 15.46 103 ± 17.97 0.000 1.92

a) Paired t-test *) Significant if p < 0.05

Table 3. Result after 6 months intervention
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Mass Index (BMI) was 21.43 ± 1.85 categorized 
as normoweight according to the Asia-Pacific 
criteria. 
	 Study utilized the YBT to assess anticipatory 
balance, a functional evaluation tool derived from 
the Star Excursion Balance Test through simplification. 
Y Balance Test serves as a comprehensive mea-
sure of physical capabilities, including muscular 
strength, flexibility, neuromuscular coordination, 
postural stability, and joint range of motion.7 The Y 
Balance Test requires participants to maintain a 
single-leg stance while maximally reaching with the 
contralateral limb in three distinct directions: anterior, 
posterolateral, and posteromedial. During the 
assessment, participants are instructed to keep 
their hands on their hips, stand on the central 
platform, and ensure the non-weight-bearing 
limb remains elevated without floor contact. The 
test is performed over three trials for each leg, 
with the average reach distance across all directions 
calculated and normalized to limb length to derive 
a composite score.8

	 The findings of this 4-week intervention 
align with existing literature on PNF stretch-
ing. Proprioceptive Neuromuscular Facilitation 
techniques induce cyclical mechanical tension 
and controlled contractions, which generate 
microtrauma within muscle myofibers. This 
microtrauma triggers the release of proinflam-
matory mediators, including TNFα, TGFβ, and 
IL6, thereby activating satellite cells. Elevated 
satellite cell activity enhances the production 
of growth factors such as HGF and IGF, which 
stimulate myoblast proliferation and differen-
tiation, facilitating muscle regeneration and 
repair. Concurrently, this process downregulates 
myostatin expression while upregulating TGFβ, 
promoting enhanced myogenic differentiation 
and the formation of stronger myofibers. These 
adaptations improve muscle extensibility and 
viscoelastic properties. Furthermore, reduced 
myostatin levels mitigate sarcomeric titin degrada-
tion—a critical benefit in individuals with Cerebral 
Palsy, who often exhibit elevated myostatin levels 

that compromise muscle strength and function.9

	 This study aimed to evaluate the efficacy 
of Proprioceptive Neuromuscular Facilitation with 
Contract-Relax (PNF-CR) and Static Stretching 
(SS) in enhancing hamstring flexibility, assessed 
via range of motion, controlled active range testing 
(CART), and electromyographic (EMG) activity of 
the biceps femoris muscle during maximal voluntary 
isometric contraction (MVIC). Results demon-
strated that both PNF-CR and SS improved knee 
joint ROM immediately post-intervention and 
after a four-week regimen. However, PNF-CR 
uniquely increased biceps femoris MVIC activity 
only following the four-week program. Notably, 
PNF-CR exhibited immediate improvements 
in hamstring flexibility, with further gains after 
sustained training, whereas SS solely enhanced 
flexibility over time without influencing EMG 
metrics. Although both interventions achieved 
statistically significant long-term flexibility 
improvements, SS demonstrated a comparatively 
greater absolute effect than PNF-CR.10

	 The 6-month post-intervention evaluation 
of anticipatory balance using the Y Balance Test 
revealed no statistically significant increases in 
reach distances from the standing position in the 
anterior, posterolateral, or posteromedial direc-
tions. According to these results, Proprioceptive 
Neuromuscular Facilitation stretching is not a 
long-term effective way to improve flexibility or 
lessen muscle spasticity in people with cerebral palsy 
when it is used alone without further strategies or 
an extension of the intervention period. This em-
phasizes the need for longer-term or combined 
treatment strategies to maintain neuromuscular 
adaptations and functional improvements.10 An 
8-week Proprioceptive Neuromuscular Facili-
tation stretching regimen demonstrates efficacy 
in augmenting hamstring muscle strength and 
neuromuscular activation among team-sport athletes. 
These findings suggest practical implications for 
optimizing PNF stretching frequency to achieve 
acute strength gains. However, extending the inter-
vention beyond 8 weeks did not yield statistically 
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significant long-term enhancements in muscular 
performance or neuromuscular adaptation. This 
highlights the need for structured, time-bound 
PNF protocols to maximize short-term benefits 
in athletic training programs.11 This study did not 
individually report variations in the physiological 
status of athletes with Cerebral Palsy. However, it 
provides initial evidence suggesting that Cerebral 
Palsy athletes performance characteristics may 
be influenced by sport-specific stretching training 
programs tailored to their respective disciplines.12 
Study of six elite Paralympic sprinters with Cerebral 
Palsy demonstrated that these athletes exhibited a 
6% slower performance in the 40-meter sprint 
test and an 18% lower vertical jump height 
compared to able-bodied athletes matched for 
baseline performance metrics. These findings 
highlight potential neuromuscular and biome-
chanical disparities in Cerebral Palsy athletes 
during explosive motor tasks.1

CONCLUSION

The study findings indicate a statistically significant 
increase in Y Balance Test reach distances among 
Cerebral Palsy athletes following a 4-week inter-
vention integrating Proprioceptive Neuromuscular 
Facilitation stretching into standard training protocols, 
compared to pre-intervention baseline measurements. 
However, no statistically significant differences 
in anticipatory balance outcomes were observed 
between the intervention group (PNF-supplemented 
training) and the control group (standard training 
alone) at the 6-month post-intervention evaluation. 
These results suggest that while short-term neuro-
muscular adaptations occur with PNF, sustained 
improvements in dynamic stability require ongoing 
or periodic reinforcement of the intervention.
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