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Abstract:

Background: Delayed onset muscle soreness (DOMS) refers to micro-injuries in skeletal muscle fibers resulting
from excessive mechanical stress during exercise. This leads to inflammation of the muscles, resulting in pain
and stiffness. Purpose: This study aims to investigate (1) the differences between eccentric exercise and
proprioceptive neuromuscular facilitation (PNF) stretching regarding flexibility levels and their effects on pain
reduction in DOMS; (2) the differences in pain reduction between individuals with high versus low flexibility
levels; and (3) the interaction between exercise therapy methods (eccentric exercise and PNF) and flexibility
levels on pain reduction in DOMS. Methods: A quasi-experimental design was adopted, and a two-way analysis
of variance (ANOV A) was used. The study recruited participants via purposive sampling, where diverse features
defined the inclusion criterion and provided written consent for all research phases. Sixty male participants were
divided into four groups: A1B1, A1B2, A2B1, and A2B2. Data were analyzed using descriptive and inferential
statistics (hypothesis testing) through Microsoft Excel, Origin Pro 18, and SPSS 25. DOMS was induced, and
treatment sessions were delivered in five sets per session at 24, 48, and 72 hours over a week. Pain intensity was
evaluated using the Visual Analog Scale (VAS). Results: 1) The results showed that DOMS pain had reduced
more with eccentric exercise than PNF with an F-interaction value of 96.494, the p-value, (0.000) < 0.05
significance level. The mean pain reduction score in eccentric exercise was 6.30, while that recorded for the PN
F group was 4.10. 2) There were also significant differences in pain reduction between high and low flexibility
levels, as indicated by an F-value (F_inter B) of 25.608 with a p-value of 0.000 (p < 0.05). The mean pain
reduction in individuals with high flexibility was 5.77, compared to 4.63 for those with low flexibility. 3) A
significant interaction was found between exercise therapy methods and flexibility levels in reducing muscle
soreness, with an interaction F-value (F_inter AB) of 12.759 and a p-value of 0.001 (p < 0.05). Conclusion:
These results demonstrate that eccentric exercise is more effective in reducing DOMS pain than PNF stretching.
Additionally, individuals with higher flexibility levels experience more significant pain reduction compared to
those with lower flexibility. The results obtained in this study show a therapeutic exercise that trainers and
physical therapists can use.

Keywords: delayed onset muscle soreness, eccentric, proprioceptive neuromuscular facilitation stretching,
flexibility, progressive load

Introduction

The response to high-volume, progressively loaded eccentric training typically damages skeletal
muscles and connective tissues, particularly in untrained individuals. This response is commonly known as
Delayed Onset Muscle Soreness (DOMS), characterized by muscle pain that begins 6—8 hours after exercise,
peaks between 24-48 hours, and may persist for up to one week (De Oliveira et al., 2023; Hody et al., 2019;
Mizumura & Taguchi, 2024; Wackerhage, 2003). DOMS is accompanied by decreased strength, range of motion
(ROM), and muscle function. Traditionally, the mechanism of DOMS was related to lactic acid accumulation.
As a byproduct of glycolysis, lactate has been shown to induce pain when injected into skeletal muscle (Gregory
et al., 2015; Keriven et al., 2023; Peterson et al., 2020).

During DOMS, pain is intensified by palpation of the affected muscle or tendon. Additionally, the
muscle temporarily loses its ability to achieve maximal contraction after exercise, with gradual recovery over
time (Tenberg et al., 2022; Wilke & Behringer, 2021). An illustration of DOMS occurrence is shown in Figure 1.
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Figure 1. The schematic model of the origin of fascial DOMS: intense physical exercise (1), morphological
damage occurs in the extramuscular connective tissue (2), stimulating algogenic free nerve endings (3a).
Concurrently, local inflammation, increased edema, and swelling exacerbate the pain response (Wilke &
Behringer, 2021).

Generally, DOMS symptoms arise from the mechanical stress exerted on muscle fibers during exercise,
disrupting sarcomeres—the fundamental units of muscle contraction (Menezes et al., 2022). This disruption
subsequently affects calcium homeostasis in the form of damaging the sarcoplasmic reticulum, the calcium
storage site in muscle cells. Elevated intracellular calcium levels further exacerbate muscle damage and impair
recovery (Ambardini & Kushartanti, 2024; Nahon et al., 2021). Additionally, the inflammatory response to
muscle fiber damage results in fluid accumulation within the injured tissue, leading to swelling. Neutrophils and
macrophages migrate to the site of inflammation, playing a dual role in both the damage and repair processes
(Proske & Morgan, 2001).

DOMS presents a significant concern, particularly for untrained individuals beginning physical
exercise. It acts as a barrier, discouraging the individuals from continuing the activity. Those who have DOMS
suffer microtrauma associated with DOMS, such as muscle weakness, pain, reduced range of motion (ROM),
and increased muscle tension. These symptoms can increase the risk of further sports-related injuries. For
instance, if individuals persist in physical activity despite DOMS symptoms, their limited mobility and potential
loss of stability may increase the risk of injury.

Various strategies have been explored to mitigate DOMS-related pain. For instance, several
interventions, such as static stretching, passive stretching, proprioceptive neuromuscular facilitation (PNF), and
massage, have shown promising results (Alsultan et al., 2020; Menezes et al., 2022). Unfortunately, strategies
for accelerating recovery from DOMS remain under investigation. Among the more researched approaches are
exercises that target muscle contraction characteristics, particularly eccentric contractions (Martinez-Gago et al.,
2024). There are three main types of muscle contractions: concentric, eccentric, and isometric (Benford et al.,
2021; Tomalka, 2023). Of the three types, DOMS is often associated with eccentric contractions, where the
muscle lengthens under tension (Gokce et al., 2019; Hody et al., 2019; Kisner & Colby, 2007). For example,
during the lowering phase of a deadlift, the muscle undergoes eccentric eccentric contraction (Akl, 2013; Ilham
et al., 2024; Muanjai et al., 2022; Sabouri et al., 2022; Zivanovié, 2022). To address DOMS, submaximal
eccentric contraction training sessions are recommended, gradually increasing intensity throughout the training
(Hody et al., 2019). These muscles have unique characteristics that lead to distinct physiological adaptations
compared to other contractions (Bompa & Buzzichelli, 2015; Kisner & Colby, 2007). Therefore, exercises
incorporating eccentric contractions are often used in rehabilitation or recovery programs.

Exercises incorporating eccentric contractions are often used in rehabilitation or recovery programs.
Eccentric training stimulates adaptations that enhance muscle tolerance to stress and reduce exercise-induced
muscle damage (Boesen et al., 2017; Breda et al., 2020; Cannell et al., 2001; Monajati et al., 2016; Wackerhage,
2003; Zivanovi¢, 2022). While DOMS is typically caused by unusual or intensive exercise, exercise itself, when
applied systematically, can also effectively reduce DOMS symptoms (Kancherla, 2023). The focus of such
exercises should be on engaging supporting muscles while avoiding the sore muscles to prevent further damage
(Nahon et al., 2021). Another commonly recommended method for alleviating DOMS-related pain is stretching.
The underlying theory suggests that muscle soreness from progressive load eccentric training can lead to muscle
spasms, which reduce blood flow. Stretching can help restore circulation by breaking the pain-spasm-pain cycle
(Baxter et al., 2017). Additionally, an individual's flexibility level has been shown to influence the severity of
DOMS experienced after exercise. Several studies have reported a correlation between muscle flexibility and
DOMS severity (Rizqi & Ambardini, 2019; Tenberg et al., 2022; Zulaini et al., 2021).

Stretching techniques, including static stretching, dynamic stretching, and proprioceptive
neuromuscular facilitation (PNF), are commonly employed to manage DOMS (Khodayari & Dehghani, 2012).
However, recent studies showed that these protocols did not significantly impact explosive force and jump
resistance in sports like basketball (De Oliveira Junior et al., 2018; Papadimitriou et al., 2017; Vancini et al.,
2014). In this context, it is important to consider that passive mobilization and PNF techniques are utilized not
only in rehabilitation (Gashi et al., 2023) or conditions like cervical radiculopathy but also in sports settings to
enhance performance and recovery. Similarly, a study involving 23 swimmers aged 12 to 15 found that PNF did
not enhance leg mobility or performance compared to a control group (Papadimitriou et al., 2017). These
findings suggest that, although warm-up exercises often include stretching, the acute effects of PNF on
performance metrics may be limited in both swimming and basketball contexts.
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The effects of eccentric exercise on DOMS have been linked to several mechanisms, including muscle
remodeling, enhanced protection against future damage, and improved blood flow (Burgos-Jara et al., 2023;
Hody et al., 2019; Paulsen et al., 2012). One of the most discussed effects is its ability to elevate the activity of
anti-inflammatory enzymes and reduce the excessive inflammatory response associated with DOMS (Fatouros &
Jamurtas, 2016; Peake et al., 2017). Additionally, several studies have reported that proprioceptive
neuromuscular facilitation (PNF) stretching is an effective method for recovering from DOMS (Afonso et al.,
2021; Eken & Bayer, 2022; Kommers et al., 2024; Sohail et al., 2019; Warneke et al., 2024). Research involving
hold-relax with agonist contraction (HR-AC) following intensive eccentric exercise of the non-dominant biceps
brachii has shown that regular HR-AC sessions significantly reduce muscle soreness and improve range of
motion (ROM) after 72 hours (p < 0.05) (Cha & Kim, 2015). Similarly, studies on the HR-AC technique in the
hamstring muscle have demonstrated significant improvements in muscle activity and decreased muscle fatigue,
supporting its effectiveness in managing DOMS (Cha & Kim, 2015).

Up to the present, a comparison of dynamic and static stretching techniques has shown that dynamic
oscillatory stretches are more effective in improving hamstring flexibility and reducing perceived pain. These
aligns with the benefits observed with HR-AC techniques (Masood et al., 2020). In contrast, a more recent study
comparing static stretching, PNF, and passive control treatments found no significant difference among the three
methods. However, PNF demonstrated the highest effectiveness in reducing pain, improving ROM, and
enhancing scores on the lower extremity functional scale (Sohail et al., 2022). This indicates a gap in
understanding the comparative effectiveness of these stretching techniques and the need for further investigation
into which methods are most beneficial for managing DOMS.

Based on the above explanation, this study aims to identify important insights into managing DOMS
(pain reduction) through eccentric exercise and PNF, with a focus on flexibility levels. These findings will help
establish effective therapeutic exercise options for trainers and physical therapists to enhance recovery outcomes
for individuals experiencing DOMS. The research questions formulated in this study are: (1) Is there a difference
between eccentric exercise and PNF in improving flexibility levels and reducing muscle soreness in DOMS? (2)
Do high flexibility and low flexibility levels differ regarding reducing muscle soreness in DOMS? (3) Is there an
interaction between therapeutic exercise methods (eccentric exercise and PNF) and flexibility levels of muscle
soreness in DOMS?

Material and Methods
Research Design

This study employed a quasi-experimental design to investigate the relationship between research
variables (Montgomery, 2013). The research used two independent variables: eccentric exercise and flexibility
training (PNF). The attribute variable used as a control was the level of flexibility, which was classified into high
and low groups. On the other hand, the dependent variable in this study was DOMS (pain level).

To examine the relationships between the variables and the interactions among the independent
variables, a 2 x 2 factorial design was employed. The analysis explored both the individual effects of each
variable and how they interacted with one another. A clearer illustration of the research design is provided in
Table 1.

Table 1. The 2x2 Factorial Design

Ecc PNF

Flexibility (B) (Al (42)
High flexibility (B1) AIBI A2BI
Low Flexibility (B2) AIB2 A2B2
Total Al A2

Note: The group labels are defined as follows: A1B1 refers to the high-flexibility group that received eccentric
exercise, A2B1 to the high-flexibility group that received PNF training, AIB2 to the low-flexibility group that
received eccentric exercise, and A2B2 to the low-flexibility group that received PNF training. Al represents the
group that received eccentric exercise, while A2 denotes the group that received PNF training, and Ecc stands
for eccentric training.
Participants

Participants were recruited using a purposive sampling technique based on specific criteria and their
willingness to participate in the full study program. This willingness was evidenced through informed consent,
stating their rights as participants in this research, including the right to withdraw at any research phase. They
were selected according to predefined inclusion and exclusion criteria. The inclusion criteria for the study were
male participants, individuals engaging in infrequent physical activity, particularly involving the lower
extremities, those with no history of acute, subacute, or chronic injuries, and participants without current
degenerative diseases (e.g., asthma, heart disease, kidney disease). Others who did not match these criteria were
excluded. Following recruitment, 60 male sports science students were chosen to participate in the study. The
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participants had a mean age of 21.3 + 8.4 years, a mean body weight of 73.5 + 2.32 kg, a mean height of 163.3
5.26 cm, and a body mass index (BMI) of 27.56 + 2.13.
Procedure
Distribution of treatment groups

The research procedure began with obtaining approval for the research. After that, the training program
was designed, and participants were recruited using purposive sampling based on the inclusion criteria. Once
selected, flexibility measurements and general demographic assessments (e.g., height, weight, age) were
conducted. To identify the highest and lowest flexibility levels within the sample, percentage techniques were
employed (Miller, 2008). As a result, 27% (n = 30) of participants were classified into the high flexibility group
(B1), while another 27% (n = 30) were classified into the low flexibility group (B2).

All participants signed consent forms indicating their willingness to participate in the full series of study
procedures. Participants were divided into four groups: A1B1, A1B2, A2B1, and A2B2. Ethical approval was
granted by the ethics committee at Universitas Negeri Padang. The illustration of the participants' recruitment

process is presented in Figure 2.
[ Population (n = 112) ]

[ Flexibility ]

-—- N =60 (27% for the upper and -——-
lower)

)

Figure 1. The flow of treatment group assignments in the research
Table 2. The sample size for each treatment group

Flexibility (B) ;‘l”(‘rf)meth"ds (A) . BNE (A . Total (n)
High (B1) AIBI 15 A2Bl 15 30
Low (B2) AlB2 15 A2R2 15 30
Total Al 30 A2 30 60

PNF stretching and eccentric exercise treatment

The treatment consisted of 5 sets per session, administered 24, 48, and 72 hours after the induction of
DOMS over one week. In the PNF stretching group, the quadriceps muscles of participants with DOMS were
passively flexed until discomfort was felt, followed by concentric resistance applied below the pain threshold
(minimal to moderate) for 7 seconds by the examiner. Participants then took two deep breaths to relax the
quadriceps femoris muscles. The hamstring muscles were actively extended until the pain was perceived, with
concentric resistance applied similarly below the pain threshold. This process was repeated for 5 sets for each
participant in the experimental group, with a 30-second rest period between sets.

The eccentric exercise was administered based on 1 repetition maximum (1-RM), with the same
treatment duration as the PNF exercises. The intensity was set to light-submaximal levels, utilizing body weight
and external loads, considering 1-RM after the induction of DOMS. Eccentric training is also recognized as an
effective therapy for reducing DOMS severity and alleviating associated pain. Focus was placed on engaging
supporting muscles while avoiding sore muscles to prevent further stress.

Induction of Delayed-Onset Muscle Soreness (DOMS)
Eccentric Exercise

Participants were instructed to lift a weight corresponding to their maximum capacity for one repetition
(1 RM) using their non-dominant arm through the full range of motion in a deadlift movement. The induction of
Delayed-Onset Muscle Soreness (DOMS) began by reducing the load to 60% of their 1 RM and performing 13
repetitions, maintaining a descent rate of 10 seconds for each repetition. A rest period of 60 seconds was
permitted between sets, and the exercise was terminated when participants could no longer sustain the descent
rate for § to 10 seconds.

Data Collection Techniques
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Data on flexibility were collected using validated and reliable tests (Hoffmann et al., 2019; Vernetta et
al., 2020). Muscle soreness in the lower extremities during flexion and extension was measured using a Visual
Analog Scale (VAS), consisting of a 100 mm line marked with "no pain" (0 mm) at one end and "extreme pain"
(100 mm) at the other. Participants then indicated their pain level along the line under examiner supervision.
VAS evaluations were conducted before eccentric training, on the third-day post-exercise, and after treatment for
six days.

Data Analysis Techniques

All data collected via the VAS for muscle soreness were tested to meet the assumptions for advanced
statistical analysis. Normality was assessed using the Kolmogorov-Smirnov (KS) test, while homogeneity of
variances was evaluated using Levene’s Test. A two-way ANOVA was then conducted to compare the groups. If
significant effects were found, post-hoc Tukey’s tests were needed to examine specific group differences. The
significance level was set at a = 0.05, and all statistical analyses were performed using SPSS version 25.

The statistical hypotheses to be tested in this study can be outlined as follows:
First Hypothesis

e HopAi=pA:

e HuipAi>pA:
Second Hypothesis

e HopBi=pB:

e HupBi>pB:
Third Hypothesis

e Ho: Interaction (A x B)=0

e Hi: Interaction (A x B) #0

Note: Ho represents the null hypothesis, while Hi refers to the alternative hypothesis. p A: denotes the
average muscle soreness score for the eccentric training group, and p A represents the average score for the
PNF training group. p AiBi1 corresponds to the high flexibility group using PNF, p A2B: to the high flexibility
group using eccentric training, pu AiB: to the low flexibility group using PNF, and p A2B: to the low flexibility
group using eccentric training. A indicates exercise methods, and B refers to flexibility levels.

Results
Data description

Before presenting the results of the two-way ANOVA, the following table displays the mean scores for
the reduction in pain levels across the various research groups. Table 3 and Figure 3 below provide a clearer
presentation of the results.
Table 3. Description of data on the reduction of muscle soreness in sports science students

Exercise Level of Mean Standard
x Flexibility Deviation
Eccentric e High(AIBI) 647 0.990 15
e Low(AIB2) 6.13 00915 15
Total 6.30 0.952 30
PNF e High (A2B1) 5.07 0.799 15
e Low(A2B2) 3.13 0.743 15
Total 410 1.242 30
Total e High (B1) 577 1.135 30
e Low (B2) 4.63 1732 30
Total 520 1.560 60
107 * [ Decrease Pain Level Average
*
84 *
2 1 T
6<
NN
:
: i
2
0 T T T T 1
A1BI_Ecc A1B2_Ecc A2BI_Pnf A2B2_Pnf

Figure 2. Decrease Pain Level Average
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The normality of the data distribution in this study was assessed using the Kolmogorov-Smirnov test.
The calculations were performed using SPSS version 25 and showed that the data followed a normal distribution,
with a Kolmogorov-Smirnov Z value of 1.283 and p > 0.05, confirming normality. In addition, the second
prerequisite for conducting a two-way ANOVA, the homogeneity of variance, was evaluated using Levene’s
test. The obtained F value was 1.212, with p > 0.05, indicating homogeneity. Therefore, both prerequisites for
the two-way ANOVA were satisfied.

The results of the subsequent analysis are summarized in Table 4 for the two-way analysis of variance
(ANOVA).
Table 4. Summary of the two-way ANOV A analysis on muscle soreness reduction in DOMS

Source Type III Sum of daf Mean Square  F Sig. Partial Eta
Squares Squared

Corrected Model 101.467° 3 3 33.822 44.954 0.000

Intercept 1622.400 1 1 1622.400 2156.354 0.000

A 72.600 1 1 72.600 96.494 0.000

B 19.267 1 1 19.267 25.608 0.000

A*B 9.600 1 1 9.600 12.759 0.001

Error 42.133 754 56 0.752

Total 1766.000 758 60

Corrected Total 143.600 757 59

*R Squared = .707 (Adjusted R Squared = 0,691. In this context, A represents eccentric training, A1 indicates
high flexibility, A2 indicates low flexibility, B refers to PNF training, B1 indicates high flexibility in the PNF
group, and B2 indicates low flexibility in the PNF group.

The two-way ANOVA table shows a significant difference in the reduction of muscle soreness
associated with delayed-onset muscle soreness (DOMS) between eccentric training and proprioceptive
neuromuscular facilitation (PNF). This is evidenced by an F value of 96.494 and a p-value of 0.000, confirming
statistical significance (p<0.05). The mean reduction in muscle soreness with eccentric training was 6.30, which
was greater than the reduction of 4.10 observed with PNF. These findings suggest that eccentric training is more
effective in reducing muscle soreness associated with DOMS. Based on these results, the null hypothesis (Ho) is
rejected, and the alternative hypothesis (H:) is accepted. Therefore, it can be concluded that there is a significant
difference between eccentric training and PNF in reducing muscle soreness caused by DOMS.

Furthermore, the data analysis results revealed a significant difference in the reduction of muscle
soreness in DOMS between individuals with high flexibility and those with low flexibility. This is evidenced by
an F value of 25.608 and a p-value of 0.000, confirming statistical significance (p<0.05). The mean reduction in
muscle soreness for individuals with high flexibility was 5.77, which was greater than the reduction observed in
those with low flexibility by 4.63. This finding demonstrates that high flexibility is associated with a greater
reduction in muscle soreness in DOMS compared to low flexibility. Based on this analysis, the null hypothesis
(Ho) is rejected, and the alternative hypothesis (H:) is accepted. It can be concluded that there is a significant
difference in the reduction of muscle soreness in DOMS between individuals with high and low flexibility levels.
Those possessing high flexibility exhibit a greater reduction in muscle soreness compared to those with low
flexibility.Lastly, the two-way ANOVA results showed a significant interaction between the therapeutic exercise
methods (eccentric training and PNF) and flexibility levels concerning reducing muscle soreness in DOMS. This
is evidenced by an F value of 12.759 and a p-value of 0.001, confirming statistical significance at p<0.05. This
interaction is visually illustrated in Figure 4.
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o
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g === PNF
Z =3 13
Flexibility

Figure 3. Interaction between therapeutic exercise methods and flexibility levels on the reduction of muscle
soreness in DOMS

The analysis results show that the null hypothesis (Ho) is rejected, and the alternative hypothesis (Hi) is
accepted. This indicates a significant interaction between therapeutic exercise methods (eccentric training and
PNF) and flexibility levels in reducing muscle soreness in DOMS.
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Discussion

The overall findings of this study confirm the statistical significance of changes in the investigated
variables and the improvements in the experimental group performances, which were influenced by their
assigned treatment groups. The data demonstrate that eccentric training was significantly more effective than
proprioceptive neuromuscular facilitation (PNF) stretching in reducing pain associated with delayed-onset
muscle soreness (DOMS). This is evidenced by an F-value of 96.494 and a p-value of 0.000, confirming that
p<0.05. additionally, the average pain reduction score in the eccentric training group was 6.30, compared to 4.10
in the PNF stretching group. This finding highlights a clear preference for eccentric training in managing
DOMS. These results strongly suggest that eccentric training is a more effective therapeutic approach for
reducing DOMS-related pain. Previous research supports this conclusion, indicating that active exercise can
significantly reduce the severity of DOMS (Ambardini & Kushartanti, 2024).

Given the effectiveness of eccentric training, eccentric training produces a stronger physiological
response that alleviates pain by reducing the inflammation caused by micro-injuries in the muscle (Stozer et al.,
2020). While eccentric training can induce DOMS, it also enhances muscle hypertrophy and strength (Hody et
al., 2019). The pain associated with DOMS is largely due to the recruitment of fewer muscle fibers, muscle
elongation stress, micro-tears within the muscle tissue, and pressure on the connective tissues. However, with
appropriate eccentric training, recovery from DOMS can be improved. It is important to note that eccentric
training, despite causing initial muscle damage, leads to better long-term muscle adaptation (Drury et al., 2019;
Fernandez-Gonzalo et al., 2014). When combined with other interventions, such as massage, PNF stretching can
also yield beneficial effects, though it is less effective than eccentric training alone (Rudisill et al., 2023).

Regarding flexibility, the results show a significant reduction in pain between individuals with high and
low flexibility. The average pain reduction was 5.77 for the high flexibility group, compared to 4.63 for the low
flexibility group. This is supported by an F-value of 25.608 and a p-value of 0.000, confirming p<0.05. These
findings emphasize the important role of flexibility in the recovery process from DOMS.

While DOMS is a natural part of muscle adaptation after exercise, it can cause discomfort, especially
for untrained individuals, which may deter them from continuing physical activity (Ferrara & D’Angelo, 2023;
McGrath et al., 2014; Raimi et al., 2020). Implementing recovery strategies that expedite relief from DOMS can
encourage untrained individuals to remain engaged in physical exercise.

This study provides essential insights by comparing two recovery techniques—eccentric training and
PNF stretching—for DOMS management, thus contributing to the limited research on these methods. However,
there are some limitations. The sample size for each group (n = 15) suggests future research would benefit from
larger sample sizes. Additionally, this study only included male participants, so further investigation can be
directed to compare male and female groups to gain a more comprehensive understanding.

Conclusion

This study concludes that eccentric training is more effective in reducing pain than PNF stretching,
especially in individuals with high flexibility. The analysis revealed several key findings. First, there was a
significant difference in the reduction of DOMS-related pain between eccentric training and PNF stretching, with
eccentric training showing a greater reduction in pain.

The statistical results indicated an F-value of 96.494 and a p-value of less than 0.05. Second, a significant
difference in pain reduction was observed between individuals with high and low flexibility. Those with high
flexibility experienced a greater reduction in muscle soreness, with an average pain reduction of 5.77 compared
to 4.63 in those with low flexibility.

The statistical evidence for this was an F-value of 25.608 and p<0.05. Finally, the study found a significant
interaction between therapeutic exercise methods and flexibility levels. These results were marked by an
interaction F-value of 12.759 and p<0.05. These findings suggest that physical therapists should consider
individual flexibility when designing recovery strategies, as this could lead to more effective interventions and
better outcomes for patients recovering from DOMS.
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