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ABSTRACT

Objective: Post-exercise recovery is a critical component for athletes and fitness enthusiasts to maintain performance and
prevent injury. Dynamic stretching and cold water immersion are two commonly used recovery techniques believed to
accelerate recovery and improve subsequent performance. Dynamic stretching involves controlled movements through a full
range of motion, while cold water immersion entails submerging the body or body parts in cold water.

Purpose: To determine the effect of dynamic stretching on post-exercise recovery and muscle performance among
recreational runners compared to cold water immersion.

Materials and method: Thirty recreational runners were recruited and randomly allocated into two groups. Pre- and post-
intervention measurements included lower limb muscle performance via countermovement jump test, range of motion
assessments, and rated perceived exertion (RPE). The intervention consisted of 10-minute protocols performed immediately
after a standardized high-intensity running protocol for 3 consecutive testing sessions. Data were collected and statistically
analyzed.

Results: The results revealed statistically significant differences between the two groups. Group A (DYNAMIC
STRETCHING) showed significantly better muscle performance recovery (87.2% vs. 78.4% of baseline, p < 0.0001) and
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improved range of motion (12.3% vs. 5.6% improvement, p < 0.001) compared to Group B (COLD WATER IMMERSION)
in the post-test. Additionally, Group A demonstrated lower RPE scores of 3.2 compared to Group B's 4.1 (p < 0.0001).

Conclusion: This study concluded that dynamic stretching shows significant benefits on post-exercise recovery and muscle
performance among recreational runners compared to cold water immersion.

Key Words: Post-exercise recovery, muscle performance, range of motion, dynamic stretching, cold water immersion.
INTRODUCTION

Running is one of the most widely practiced forms of physical activity worldwide, with recreational runners comprising a
significant portion of this population. The popularity of running stems from its accessibility, minimal equipment
requirements, and well-documented health benefits. However, recreational runners often experience fatigue, muscle soreness,
and decreased performance following intense training or competition. '

The lower limb muscles, particularly the gastrocnemius, soleus, and hamstrings, are extensively engaged during running
activities. These muscles work synergistically to provide propulsion, stability, and shock absorption during each gait cycle.
The gastrocnemius and soleus muscles, collectively known as the calf muscles, are particularly crucial as they generate
approximately 50% of the propulsive force during running, making them susceptible to fatigue and injury. *

These muscles receive blood supply primarily from the posterior tibial and peroneal arteries, which are branches of the
popliteal artery. The rich vascularization of these muscles facilitates oxygen delivery and waste removal, critical processes
for sustained performance and recovery. Muscular fatigue during running can arise from various mechanisms, including the
accumulation of metabolic byproducts, depletion of energy substrates, and central nervous system fatigue, all leading to
decreased force production and running economy. ¢®

Exercise-induced physiological stress, particularly during high-intensity running, can lead to decreased muscle function and
delayed recovery. Recovery strategies aim to accelerate the body's natural recovery processes by enhancing blood flow,
reducing inflammation, and improving tissue mobility. Optimizing post-exercise recovery is essential for maintaining training
consistency and performance, especially for recreational runners who may not have access to advanced recovery modalities
available to elite athletes. >

Range of motion and muscular flexibility play significant roles in running performance and injury prevention. Research
suggests that optimal joint mobility allows for more efficient movement patterns and potentially reduces injury risk. Various
stretching techniques have been employed to improve joint range of motion, with dynamic stretching gaining popularity due
to its functional approach that mimics sport-specific movements. 27!

Muscle performance, particularly power output, is crucial for running economy and sprint performance. Lower limb power
generation directly influences stride length, frequency, and overall running efficiency. Traditional recovery approaches often
focus on passive techniques, but active recovery strategies like dynamic stretching may offer additional benefits by
maintaining neuromuscular activation while facilitating recovery processes. 1618

Research suggests that dynamic stretching might accelerate recovery through increased blood flow, active muscle
contractions, and enhanced range of motion. Unlike static stretching, which involves holding a stretched position, dynamic
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stretching incorporates controlled movements through a full range of motion, potentially offering both recovery and
performance benefits without the acute performance decrements sometimes associated with static stretching. 72

Cold water immersion has been widely used as a recovery modality, with its purported benefits including reduced
inflammation, analgesia, and decreased muscle temperature. However, recent research has questioned its long-term benefits
on adaptation and performance, suggesting that alternative recovery strategies warrant investigation. Comparing dynamic
stretching to cold water immersion may provide valuable insights for recreational runners seeking effective, accessible
recovery strategies. 277

METHODS

Study design: Comparative study

Subjects: Recreational runners aged between 20 to 35 years who run at least 15 km weekly

Sampling technique: Convenient sampling

Sample size: 15+15 = 30 subjects

Inclusion criteria:

. Adults aged between 20 and 35 years of both genders
. Recreational runners who run at least 15 km weekly
. No current injuries or medical conditions affecting running performance

Exclusion criteria:

. History of lower limb surgery within the past year
. Cardiovascular or respiratory conditions that limit exercise capacity
. Current musculoskeletal injuries affecting running gait
. Professional or elite competitive runners
Study procedure:

A total of 30 subjects were selected based on the selection criteria. The study procedure was explained to all participants and
informed consent was obtained. Selected participants were randomly divided into Dynamic Stretching group and Cold Water
Immersion group using computer-generated random numbers. Participants in both groups completed a standardized high-
intensity running protocol designed to induce fatigue, consisting of 6 sets of 400m runs at 85-90% of their maximum heart
rate with 1-minute rest periods between sets.

The Dynamic Stretching group performed a 10-minute dynamic stretching routine immediately after the running protocol.
The Cold Water Immersion group underwent a 10-minute cold water immersion protocol (10-12°C) up to the iliac crest. Both
interventions were performed on three separate occasions with 48-72 hours between sessions. Outcomes were assessed for
muscle performance (using countermovement jump test), range of motion (using digital goniometry), and subjective recovery
(using RPE scale).
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Group A: --- Dynamic Stretching (n=15)

Dynamic stretching group performed a series of controlled movements through the full range of motion for major lower limb
muscle groups immediately after the high-intensity running protocol. Each movement was performed for 30 seconds (15
repetitions per leg), with the entire routine lasting 10 minutes.

The dynamic stretching protocol included:

Walking knee pulls (quadriceps and hip flexors)

Walking heel kicks (hamstrings)

Walking lunges with rotation (hip flexors, quadriceps, and thoracic spine)
Lateral lunges (adductors)

Leg swings - forward/backward (hip flexors and hamstrings)

Leg swings - side to side (hip adductors and abductors)

Ankle bounces (gastrocnemius and soleus)

Hip circles (hip external and internal rotators)

O NS~ LDNE

Group B --- Cold Water Immersion (n=15)

Cold water immersion group underwent a 10-minute immersion in cold water (10-12°C) up to the iliac crest immediately
after the high-intensity running protocol. The water temperature was monitored continuously using digital thermometers to
ensure consistency.

Participants were instructed to:

Enter the cold water bath slowly

Remain seated with water level reaching the iliac crest

Keep upper body dry and maintain normal breathing

Stay immersed for the full 10-minute duration

Exit the bath slowly with assistance if needed

Dry off and change into dry clothing immediately after the immersion

o kMcwbhE

All participants' muscle performance, range of motion, and RPE were measured pre-exercise, immediately post-exercise, and
30 minutes' post-intervention.

RESULTS

The assessment of recovery markers demonstrates notable differences between dynamic stretching and cold water immersion
as post-exercise recovery strategies among recreational runners. Statistical analysis of quantitative data indicated significant
differences between both groups across all measured parameters.

Muscle Performance Results: Post-intervention comparison revealed Group A had significantly better recovery of muscle
performance as measured by countermovement jump height (mean = 87.2% of baseline, SD = 3.8) compared to Group B
(mean = 78.4% of baseline, SD = 4.2) with t = 6.11, p < 0.0001.
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Range of Motion Results: Group A demonstrated significantly greater improvements in hamstring flexibility as measured
by active knee extension test (mean = 12.3% improvement from baseline, SD = 2.1) compared to Group B (mean = 5.6%
improvement from baseline, SD = 1.8) with t = 9.32, p < 0.001.

Additionally, ankle dorsiflexion range showed greater recovery in Group A (mean = 95.8% of baseline, SD = 2.7) compared
to Group B (mean = 88.6% of baseline, SD = 3.4) with t = 6.74, p < 0.001.

Rated Perceived Exertion Results: Group A showed significantly lower RPE scores (mean = 3.2, SD = 0.7) compared to
Group B (mean =4.1, SD = 0.8) at 30-minutes post-intervention with t = 3.42, p < 0.01, indicating greater subjective recovery.

The results consistently demonstrate that dynamic stretching provided superior recovery outcomes compared to cold water
immersion across all measured parameters in recreational runners following high-intensity running exercise.

TABLES

Table 1: Baseline Characteristics of Participants

Parameter arzolusr)) A (Dynamic  Stretching) Group B (Cold Water Immersion) (n=15)
[Age (years) l7.3+42 28.1+39 l
[Weight (kg) le8.4+7.3 l67.9+6.8 I
|Height (cm) 1726 £8.1 1171.8£7.9 |[|
‘Weekly running distance (km) H23.7 +54 H22.9 +6.1 |H
Baseline CMJ height (cm) 31.4+38 30.9+4.2 I
Baseline hamstring ROM (degrees) ‘78.3 +6.5 H79.1 +58 |H
Baseline ankle dorsiflexion 148423 151421

(degrees)

Table 2: Comparison of Recovery Parameters Between Dynamic Stretching and Cold Water Immersion Groups

Group A  (Dynamic||Group B (Cold Water|t-
Parameter . . p-value
Stretching) Immersion) value
Muscle Performance Recovery (% of 872438 78,4+ 4.2 611 l<0.0001
baseline) T T ' '
Hamstring Flexibility Improvement (% 123+21 56+18 932 |l<0.0001
from baseline) R R ' '
/Ankle Dorsiflexion Range (% of baseline) [95.8 +2.7 88.6+3.4 I.74 |<0.0001]
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Parameter Group ' A (Dynamic||Group ' B (Cold Waterl|t- o-value
Stretching) Immersion) value
Rated Perceived Exertion (RPE) H3.2 +0.7 H4.1 +0.8 H3.42 H<0.01 |
DISCUSSION

The present study aimed to investigate the effects of dynamic stretching on post-exercise recovery and muscle performance
among recreational runners compared to cold water immersion. The findings provide valuable insights into effective recovery
strategies that can be implemented by recreational athletes with limited access to specialized equipment.

Dynamic stretching has gained attention in recent years as both a warm-up and recovery technique due to its ability to increase
tissue temperature, enhance blood flow, and improve neuromuscular function#®® The application of controlled, sport-
specific movements is thought to facilitate recovery while maintaining muscle activation patterns relevant to running
performance. Our findings regarding enhanced muscle performance with dynamic stretching align with previous research
suggesting that active recovery strategies may be more effective than passive techniques following high-intensity
exercise. 171821

The superior muscle performance recovery observed in the dynamic stretching group compared to the cold water immersion
group raises interesting questions about the traditional use of cold therapies for recovery. While cold water immersion has
been widely adopted based on its proposed anti-inflammatory and analgesic effects?*?> recent literature has questioned its
impact on adaptation processes and subsequent performance®2® Our findings suggest that for recreational runners, the
benefits of dynamic stretching on maintaining neuromuscular function may outweigh the potential benefits of cold-induced
vasoconstriction and reduced inflammation-2426

The improvements in range of motion observed in the dynamic stretching group are particularly noteworthy. Enhanced
flexibility not only contributes to improved running economy but may also play a role in injury prevention.}>%> The active
nature of dynamic stretching appears to provide superior benefits for maintaining and potentially improving joint mobility
compared to the relatively passive cold water immersion intervention. 610

Furthermore, the lower RPE scores reported by the dynamic stretching group suggest that psychological aspects of recovery
should not be overlooked, as subjective readiness to train may influence training adherence and effort in recreational
athletes !

With respect to muscle performance, our study's findings add to the growing body of literature on the impact of different
recovery modalities on power production.’®!821 While some previous studies have reported performance decrements
following cold water immersion®%, others have shown minimal effects or even improvements in certain contexts?*2* The
superior performance recovery we observed in the dynamic stretching group may be attributed to the maintenance of muscle
temperature, enhanced neural activation, and potentially improved muscle-tendon unit compliance.*162

The practical implications of these findings are significant for recreational runners who often have limited time and resources
for recovery. Dynamic stretching requires no specialized equipment, can be performed in various settings, and provides the
additional benefit of reinforcing movement patterns specific to running.'?® This accessibility makes it an attractive option
for integrating into regular training routines.
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However, it is essential to acknowledge that the relationship between recovery modalities and performance may be influenced
by numerous factors, including the specific exercise stimulus, individual characteristics, environmental conditions, and the
timing of assessments®12% Additionally, while our findings suggest acute benefits of dynamic stretching over cold water
immersion, the long-term effects of consistently applying these recovery strategies warrant further investigation.?62

The potential mechanisms underlying the enhanced recovery with dynamic stretching are multifaceted. The rhythmic muscle
contractions may enhance circulation and tissue perfusion, potentially accelerating recovery processes.®®® Additionally, the
movement-based nature of dynamic stretching may help maintain neuromuscular activation patterns, potentially mitigating
the temporary power decrements sometimes observed following intense exercise.!’182!

Furthermore, the study's results should be interpreted within the context of the specific population (recreational runners) and
the particular exercise protocol employed. The findings may not necessarily generalize to elite athletes, different sports
modalities, or varying exercise intensities and durations.?*°The timing of the recovery interventions immediately post-
exercise also represents a specific approach that may yield different results compared to delayed interventions or multiple
recovery sessions1.2324

CONCLUSION

This comparative study demonstrates that dynamic stretching is significantly more effective than cold water immersion in
enhancing post-exercise recovery among recreational runners. The dynamic stretching intervention produced superior
outcomes in all measured parameters: muscle performance recovery, range of motion improvements, and subjective ratings
of perceived exertion.

The findings clearly indicate that dynamic stretching can be recommended as a preferred recovery technique following high-
intensity running exercise, particularly for recreational runners. The significant improvements in both objective and
subjective recovery markers suggest that dynamic stretching not only accelerates physiological recovery processes but also
enhances perceived readiness to train.

These results have important practical implications for recreational athletes, coaches, and fitness professionals seeking
effective and accessible recovery strategies. Dynamic stretching offers the advantages of requiring no specialized equipment,
being feasible in various environments, and potentially providing additional benefits for movement pattern reinforcement
and neuromuscular function.

Future research should explore the optimal timing, duration, and specific movement patterns within dynamic stretching
protocols to maximize recovery benefits for different athletic populations and exercise modalities. Additionally, investigating
the long-term effects of consistent dynamic stretching as a recovery strategy on training adaptations and performance would
provide valuable insights for evidence-based training program design.
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