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Extended Abstract

Introduction

Flexibility and muscular strength are two fundamental components of physical fitness that contribute to optimal
performance, injury prevention, and overall musculoskeletal health. In particular, the hip extensor muscles play a crucial
role in locomotion, postural stability, and daily functional activities. Deficits in strength or range of motion in this muscle
group may increase susceptibility to musculoskeletal dysfunction and limit physical performance, especially among non-
athletic individuals who are generally less exposed to systematic training programs. Therefore, the development of
effective training strategies to improve both muscle strength and flexibility has remained an important subject of exercise
physiology and sports medicine. Proprioceptive Neuromuscular Facilitation (PNF) stretching has been widely recognized
as one of the most effective stretching techniques to enhance flexibility. Unlike traditional static stretching, PNF involves
an active—passive cycle of muscle contraction and relaxation, usually performed with the assistance of a partner or external
resistance. The underlying mechanism is believed to involve autogenic and reciprocal inhibition, mediated by the Golgi
tendon organs and muscle spindles. By integrating voluntary muscle contractions with stretching, PNF is thought to
facilitate greater increases in joint range of motion while simultaneously contributing to neuromuscular adaptations that
support muscle performance. Creatine monohydrate supplementation has also attracted considerable attention in the field
of sports nutrition. It is one of the most extensively studied ergogenic aids, known to improve high-intensity exercise
capacity, increase phosphocreatine availability, and promote faster recovery during repeated bouts of intense activity. In
addition, creatine has been linked with enhanced muscle hypertrophy and strength gains when combined with resistance
or functional training. The combination of PNF stretching and creatine supplementation could theoretically provide
synergistic benefits: PNF would improve neuromuscular efficiency and range of motion, while creatine supplementation
would support muscular energy metabolism and strength development. Despite the popularity of both interventions, there
is a relative scarcity of research examining their combined effects, particularly in non-athletic male populations. Most
studies have focused on athletes or resistance training protocols, leaving a gap in understanding how creatine and PNF
interact in individuals without systematic training backgrounds. Moreover, non-athletic populations may present a unique
model for studying such interventions, as their baseline levels of strength and flexibility are typically lower, allowing
more pronounced adaptations to be observed. The present study was therefore designed to examine the effect of a one-
month PNF training program performed in combination with creatine monohydrate supplementation on hip extensor
strength and range of motion in healthy, non-athletic young men. By using standardized dynamometric and inclinometric
measurements, the study aimed to provide objective evidence on whether creatine supplementation augments the
flexibility and strength improvements typically associated with PNF training. The findings are expected to contribute to
a more comprehensive understanding of integrative exercise and nutritional strategies, with practical implications for
sports performance, rehabilitation, and general fitness enhancement.

Methods

For this purpose, 24 healthy non-athletic men aged 22 to 25 years participated in the study and underwent a pre-test. Data
collection instruments included a dynamometer to measure the strength of the hip extensor muscles and a digital
inclinometer to assess flexibility. Based on the pre-test data, participants were homogenized and randomly assigned into
two training groups of 12 subjects each. The first group performed PNF exercises with creatine monohydrate
supplementation, while the second group performed PNF exercises with a placebo (dextrose). The training program
consisted of five sessions per week (Saturday, Sunday, Monday, Wednesday, and Thursday) for one month. After one
month, a post-test was conducted. Data were analyzed using SPSS version 16. Independent t-tests were applied to compare
groups, and paired t-tests were used to examine within-group changes over time, with the significance level set at p <
0.05.

Results
Results of the independent t-test showed that muscular strength and range of motion in the group performing PNF
exercises with creatine monohydrate supplementation were significantly greater than those in the control group.

Conclusion

The findings of this study demonstrated that a four-week program of PNF stretching, when combined with creatine
monohydrate supplementation, produced significant improvements in both hip extensor muscle strength and range of
motion in non-athletic men. Participants who performed PNF exercises while consuming creatine outperformed those
who performed the same exercises with a placebo. These results suggest that creatine supplementation acts as a supportive
factor, enhancing the physiological benefits of PNF training. The mechanisms underlying these improvements can be
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understood from both neuromuscular and metabolic perspectives. PNF stretching relies on neurophysiological principles
such as autogenic inhibition, reciprocal inhibition, and the activation of Golgi tendon organs, which together allow for
enhanced flexibility and efficient motor unit recruitment. Meanwhile, creatine supplementation increases intramuscular
phosphocreatine stores, enabling greater ATP resynthesis during short, intense bouts of contraction. This energy
availability supports higher quality contractions during the PNF protocol, which involves repeated isometric and
concentric actions. Over time, these combined effects may amplify both muscular strength and extensibility. Beyond the
immediate outcomes of the study, these results carry broader implications for exercise prescription and rehabilitation. In
athletic settings, combining nutritional supplementation with advanced stretching protocols could accelerate gains in
flexibility and strength, potentially reducing the risk of strain injuries and enhancing performance in sports requiring
explosive movements. For non-athletic populations, the combination may serve as a practical intervention to improve
functional mobility, posture, and musculoskeletal health, thereby reducing the risk of sedentary lifestyle-related
impairments. It is important, however, to consider the limitations of the study. The sample size was relatively small, and
the duration of the intervention was limited to one month. Longer-term studies with larger populations, including both
genders and different age groups, are needed to confirm the generalizability of the findings. Additionally, while creatine
is widely regarded as safe, individual responses to supplementation may vary depending on baseline dietary intake, muscle
fiber composition, and genetic factors. Future research could also explore the dose—response relationship between creatine
intake and flexibility outcomes, as well as the potential interactions with other training modalities such as resistance
training or plyometrics. In conclusion, the study provides evidence that creatine supplementation can enhance the
effectiveness of PNF stretching in improving both range of motion and muscular strength in non-athletic men. These
findings underscore the value of integrating exercise physiology and sports nutrition approaches to optimize human
performance and health. Practitioners and trainers may consider combining PNF protocols with creatine supplementation
as a viable strategy for individuals seeking to improve flexibility and strength, whether for athletic, rehabilitative, or
general fitness purposes.
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