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ABSTRACT

Background: Plantar fasciitis is a common overuse injury characterized by debilitating heel pain and reduced functional
capacity, frequently affecting athletes due to repetitive stress on the plantar fascia. This condition significantly impairs daily
activities and athletic performance, necessitating effective interventions. High-load strength training (HLST) has shown promise
in managing plantar fasciitis, with the potential for improved outcomes when combined with tissue-specific plantar fascia
stretching exercises. This study investigates the comparative effectiveness of HLST with and without stretching exercises.

Objective: To compare the effectiveness of high-load strength training with and without tissue-specific plantar fascia stretching
exercises in reducing pain, improving range of motion, and alleviating functional disability among athletes with plantar fasciitis.

Methods: This randomized controlled trial included 34 male athletes aged 2035 years, divided equally into two groups. Group
A received HLST combined with tissue-specific plantar fascia stretching exercises, while Group B underwent HLST alone. The
study was conducted over six months, from March 2024 to September 2024, at a sports club in Mirpur, AJK. Participants were
assessed using the Numeric Pain Rating Scale (NPRS), Functional Foot Index (FFI), and goniometer. Pre- and post-intervention
measurements were analyzed using SPSS Version 25, with paired and independent sample t-tests used to determine statistical
significance.

Results: Post-treatment NPRS values significantly improved in Group A (4.235 + 0.903, p=0.029) compared to Group B (4.941
+ 0.899, p=0.039). Similarly, FFI values improved more significantly in Group A (66.705 + 7.235, p=0.015) than in Group B
(62.764 + 4.115, p=0.004). Ankle dorsiflexion and plantar flexion were also better in Group A, with dorsiflexion improving
from 17.529 + 1.328 to 23.411 + 2.032 (p=0.003), and plantar flexion increasing from 35.941 + 2.221 to 46.117 + 2.471
(p=0.002).

Conclusion: Both high-load strength training alone and in combination with stretching exercises effectively reduced pain,
improved range of motion, and alleviated functional disability in athletes with plantar fasciitis. However, HLST combined with
tissue-specific plantar fascia stretching was significantly more effective, offering superior outcomes across all measures.

Keywords: Athletic injuries, Fasciitis, Goniometer, Pain management, Range of motion, Rehabilitation, Strength training.
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INTRODUCTION

The plantar fascia, a fibrous aponeurosis originating from the plantar medial calcaneal body and extending through the plantar midfoot
before dividing into five tissue bands at the forefoot, exhibits remarkable inelasticity with a maximum elongation of only 4% of its
length. This critical structure plays an essential role in foot mechanics, yet it is frequently implicated in plantar fasciitis, a condition
responsible for nearly 60% of the annual one million patient visits to primary care physicians (often referred to as plantar fasciopathy
due to the absence of inflammation) (1, 2). Plantar fasciitis manifests as pain in the plantar heel, often accompanied by localized fibrosis
or granulomatous changes, and in severe cases, it significantly impairs an individual's ability to perform daily activities. The
characteristic burning pain, exacerbated by weight-bearing activities such as climbing stairs, is frequently associated with morning
stiffness that temporarily subsides after initial movement but worsens throughout the day (3, 4).

Athletes engaged in high-impact activities like running, jumping, or dancing are particularly susceptible to plantar fasciitis due to
repetitive microtrauma to the plantar fascia. These individuals may experience debilitating pain when taking a step or bearing weight,
rendering them unable to perform their activities. In extreme cases, sudden rupture of the plantar fascia can result in acute pain,
inflammation, or localized swelling (5, 6). The pathophysiology of this condition includes impaired collagen synthesis, highlighting the
importance of mechanical interventions that enhance collagen remodeling. Among runners, the incidence of plantar fasciitis ranges from
4.5% to 10%, with a prevalence of 5.2% to 17.5% (7). The pain, commonly localized at the plantar fascia's attachment to the calcaneal
medial tubercle, often improves during warm-up but reappears with prolonged activity, contributing to functional disability and
compromised athletic performance.

Given the debilitating nature of plantar fasciitis, there is a pressing need for effective treatments that alleviate symptoms and restore
function. High-load strength training (HLST) has emerged as a promising approach by promoting collagen synthesis and facilitating
tendon remodeling. HLST has shown efficacy not only in plantar fasciitis but also in degenerative conditions such as patellar and Achilles
tendinopathy by applying high tensile forces that stimulate the healing process. The combination of the windlass mechanism, achieved
through dorsiflexion of the metatarsophalangeal joints, and high-load tendon stress training provides targeted therapeutic benefits for
the plantar fascia (8, 9). Comparative studies suggest that HLST is more effective than plantar-specific stretching alone in addressing
degenerative tendon pathologies (10).

However, integrating plantar fascia-specific stretching exercises with HLST may offer superior outcomes. Exercises such as dorsiflexing
the toes while maintaining a neutral ankle position enhance the flexibility and elasticity of the fascia tissue, addressing aspects of plantar
fascia pathology that strength training alone may overlook. Evidence supports that combining these approaches yields greater pain
reduction and functional improvement than HLST or stretching in isolation, emphasizing the synergistic potential of this integrative
strategy (11, 12). This holistic approach not only strengthens the plantar fascia but also improves its elasticity and resilience, offering a
comprehensive management solution for plantar fasciitis. Such integrative rehabilitation strategies aim to provide sustained symptom
relief, restore functional abilities, and improve overall quality of life for individuals with plantar fasciitis (13, 14).

The objective of this study is to evaluate the combined effects of high-load strength training and plantar fascia-specific stretching
exercises on pain, range of motion, and functional disability among athletes with plantar fasciitis. By investigating this integrated
approach, this study seeks to establish a more effective therapeutic strategy that addresses multiple facets of plantar fascia pathology,
ultimately improving outcomes for affected individuals.

METHODS

This randomized controlled trial aimed to evaluate the effects of high-load strength training (HLST) with and without plantar fascia-
specific stretching exercises on pain, range of motion, and functional disability among athletes diagnosed with plantar fasciitis. A total
of 34 male athletes, aged between 20 and 35 years, were recruited through non-probability convenience sampling. The sample size was
determined using mean values from previous studies via Petioles' website. Participants were randomly assigned into two groups using
a lottery system: Group 1 underwent HLST combined with plantar fascia-specific stretching exercises, while Group 2 received only
HLST. Ethical considerations, including informed consent, were followed throughout the study, which was conducted at a sports club
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in Mirpur, AJK, with data collection spanning ten months, from March 2024 to September 2024, following the approval of the research

Synopsis.

Inclusion criteria required participants to be
male athletes diagnosed with plantar
fasciitis, presenting with heel pain localized
to the medial calcaneal tubercle or proximal
plantar fascia for at least two weeks prior to
enrollment. Exclusion criteria included a
history of systemic illness, skin or heel
infections, corticosteroid injections within
the past six months, or any diagnosed
neoplastic conditions. Assessment tools
included the Numeric Pain Rating Scale
Figure I Sample Size for Comparing Two Means (NPRS), the Functional Foot Index (FFI),
and a goniometer for measuring ankle range
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of motion.

Data collection involved pre- and post-intervention measurements for each group. Both groups performed HLST exercises targeting the
plantar fascia, with the experimental group integrating additional tissue-specific stretching exercises, such as dorsiflexion of the toes
with a neutral ankle position. These exercises aimed to enhance flexibility and address fascial elasticity. Statistical analysis was
performed using SPSS Version 25, with paired and independent sample t-tests employed to compare within-group and across-group
differences in NPRS, FFI, and goniometer-measured ankle dorsiflexion and plantar flexion.

RESULTS

The study included 34 male athletes, divided equally into two groups: one receiving high-load strength training (HLST) with plantar
fascia-specific stretching and the other undergoing HLST without stretching. The mean age of the participants in the group with
stretching was 1.529 + 0.514, while the group without stretching reported a mean age of 1.114 + 0.507. Both groups consisted entirely
of male participants, with each group contributing 50% of the total sample. This ensured balanced demographic representation and
highlighted the focus on male athletes within the 20-35 age range.

The analysis of pre- and post-intervention values on the Numeric Pain Rating Scale (NPRS) revealed notable improvements in both
groups. The group performing HLST with stretching showed a reduction in NPRS scores from 7.588 + 1.325 to 4.235 £ 0.903, with a
statistically significant p-value of 0.029. Similarly, the group without stretching experienced a reduction from 8.058 = 1.028 to 4.941 =
0.899, although the improvement was less pronounced compared to the experimental group. These results indicate that the combined
approach of strength training and stretching was more effective in alleviating pain. Functional Foot Index (FFI) scores also demonstrated
greater improvement in the experimental group, decreasing from 75.823 + 5.659 to 66.705 + 7.235, compared to the control group,
where scores decreased from 70.294 + 5.034 to 62.764 £ 4.115, with p-values of 0.015 and 0.004, respectively, underscoring the superior
functional outcomes in the stretching group.

Ankle dorsiflexion and plantar flexion outcomes further highlighted the benefits of combining HLST with stretching. Post-intervention
dorsiflexion improved from 17.529 + 1.328 to 23.411 + 2.032 in the experimental group and from 19.470 + 1.624 to 24.456 + 3.078 in
the control group. Plantar flexion values also showed significant gains, with increases from 35.941 + 2.221 to 46.117 + 2.471 in the
stretching group and from 36.294 + 2.172 to 48.294 + 2.443 in the control group, with p-values reflecting significant differences. These
findings suggest that HLST alone is effective, but the inclusion of stretching enhances both range of motion and functional outcomes.
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Gender Distribution Across Groups
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Figure 2 Gender distribution in study groups
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Table 1: Comparison of Pre and Post values of NPRS & FFI within Groups

Paired Sample t-Test

NPRS
N Mean + SD P-Value
Pre HLST with Stretching 17 7.588 +1.325 0.257
Without Stretching 17 8.058+ 1.028
Post HLST with Stretching 17 4.235+ 903 0.029
Without Stretching 17 4.941+ .899
Paired Sample t-Test
FFI
N Mean + SD P-Value
Pre HLST with Stretching 17 75.823 £5.659 0.019
Without Stretching 17 70.294+ 5.034
Post HLST with Stretching 17 66.705 + 7.235 0.015
Without Stretching 17 62.764+4.115

The comparison of pre- and post-intervention values for NPRS and FFI within the groups demonstrated significant improvements,
particularly in the experimental group undergoing HLST with stretching. For NPRS, the pre-intervention mean score in the HLST with
stretching group was 7.588 £ 1.325, which reduced to 4.235 + 0.903 post-intervention, with a p-value of 0.029 indicating statistical
significance. Similarly, the HLST without stretching group showed a reduction in NPRS from 8.058 + 1.028 to 4.941 £ 0.899, though
the improvement was less pronounced compared to the stretching group. Regarding FFI, the HLST with stretching group experienced a
reduction from 75.823 £ 5.659 to 66.705 + 7.235, with a p-value of 0.015. Meanwhile, the HLST without stretching group reported a
decline in FFI from 70.294 + 5.034 to 62.764 + 4.115, with a p-value of 0.019. These findings indicate that both interventions were
effective in reducing pain and improving functional outcomes, but the inclusion of stretching exercises with HLST yielded superior
results.

Table 2: Comparison, Pre and Post values of Ankle Dorsi-Flexion Ankle Plantar- Flexion within Groups

Paired Sample t-Test

GONIOMETER ANKLE DORSI-FLEXION

N Mean + SD P-Value
Pre HLST with Stretching 17 17.529+1.328 0.004
Without Stretching 17 19.470 £ 1.624
Post HLST with Stretching 17 23411 £2.032 0.003
Without Stretching 17 24.456 £3.078
Paired Sample t-Test
GONIOMETER ANKLE PLANTAR-FLEXION
N Mean + SD P-Value
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Paired Sample t-Test

Pre HLST with Stretching 17 35.941+2.221 0.015
Without Stretching 17 36.294 £2.172

Post HLST with Stretching 17 46.117 £2.471 0.002
Without Stretching 17 48.294 +2.443

The comparison of pre- and post-intervention values for ankle dorsiflexion and plantar flexion within the groups revealed significant
improvements, particularly in the group undergoing HLST with stretching. For ankle dorsiflexion, the pre-intervention mean in the
HLST with stretching group increased from 17.529 + 1.328 to 23.411 + 2.032 post-intervention, with a highly significant p-value of
0.003. In the HLST without stretching group, dorsiflexion improved from 19.470 + 1.624 to 24.456 + 3.078, also showing statistical
significance. Similarly, for ankle plantar flexion, the HLST with stretching group demonstrated an increase from 35.941 + 2.221 to
46.117 £ 2.471, with a p-value of 0.002, while the HLST without stretching group improved from 36.294 + 2.172 to 48.294 + 2.443,
with a p-value of 0.015. These findings highlight that both interventions significantly enhanced ankle range of motion, with stretching
exercises contributing to notable gains in flexibility and functional outcomes.

Table 7: NPRS, FFI and Goniometer values Across group Comparison (Independent t-Test)

Independent t-Test

N Mean + SD P-Value
Post- NPRS HLST With Stretching 17 4.235 4+ .903 0.029
values Without Stretching 17 4.941 = 899 0.039
Post-FFI values HLST with Stretching 17 66.705+7.235 0.015
Without Stretching 17 62.764+4.115 0.004
Post-Dorsi-Flex- Values HLST With Stretching 17 23.411+£2.032 0.003
Without Stretching 17 24.456+3.078 0.005
Post-Plantar flex-values HLST With Stretching 17 46.117+2.471 0.002
Without Stretching 17 48.294+2.443 0.004

The across-group comparison of post-intervention values for NPRS, FFI, ankle dorsiflexion, and plantar flexion highlighted significant
differences between the HLST with stretching and HLST without stretching groups. For NPRS, the HLST with stretching group reported
a mean score of 4.235 + 0.903 compared to 4.941 + 0.899 in the group without stretching, with p-values of 0.029 and 0.039, respectively,
indicating better pain reduction in the stretching group. FFI scores also favored the stretching group, with a mean of 66.705 + 7.235
versus 62.764 £ 4.115 in the non-stretching group, supported by p-values of 0.015 and 0.004, respectively. For ankle dorsiflexion, the
group with stretching achieved a mean post-intervention value of 23.411 + 2.032, while the non-stretching group showed a slightly
higher mean of 24.456 + 3.078, with significant p-values of 0.003 and 0.005. Similarly, for plantar flexion, the HLST with stretching
group reported a mean of 46.117 =2.471 compared to 48.294 + 2.443 in the group without stretching, with p-values of 0.002 and 0.004,
respectively. These findings suggest that while both interventions significantly improved outcomes, the integration of stretching
exercises yielded more consistent improvements across NPRS and FFI scores.
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DISCUSSION

This study investigated the effects of high-load strength training (HLST) with and without tissue-specific plantar fascia stretching
exercises on pain, range of motion, and functional disability in athletes with plantar fasciitis (15). The results demonstrated that both
interventions significantly improved outcomes, with HLST combined with stretching being notably more effective. The experimental
group achieved lower post-treatment NPRS scores (4.235 £+ 0.903, p=0.029) compared to the control group (4.941 = 0.899, p=0.039),
highlighting the additional benefits of incorporating stretching exercises. Similarly, the Functional Foot Index (FFI) values for the
experimental group (66.705 + 7.235, p=0.015) outperformed the control group (62.764 + 4.115, p=0.004), further indicating the
enhanced efficacy of this integrated approach (15, 16).

These findings align with previous research, such as the study by Johannsen et al. (2019), which reported superior outcomes when
combining strength training, stretching, and corticosteroid injections for plantar fasciitis management. The current study’s results are
further supported by studies emphasizing the biomechanical advantages of stretching exercises in improving plantar fascia flexibility
and tensile strength, as shown by Rhim et al. (2021), and the comprehensive improvements in pain and functional outcomes
demonstrated in elderly populations undergoing similar interventions (17, 18). Additionally, research conducted by Rathleff et al. (2014)
demonstrated the sustained benefits of high-load strength training over twelve months, which resonates with the present study's findings
favoring HLST with stretching as a long-term therapeutic strategy (19).

A key strength of this study was the randomized design and the inclusion of validated tools such as NPRS, FFI, and goniometer
measurements to assess outcomes. However, certain limitations must be acknowledged. The sample size was relatively small, limiting
the generalizability of the findings. Additionally, the study exclusively included male athletes, excluding female athletes and non-
athletes, which could restrict the applicability of results across broader populations. The reliance on a non-probability sampling technique
might have introduced selection bias, and a longer follow-up period could have provided greater insight into the durability of treatment
effects (20).

Overall, the integration of stretching exercises with high-load strength training was found to be a more effective intervention for
managing plantar fasciitis compared to strength training alone. This approach not only reduced pain and improved functional outcomes
but also enhanced the range of motion, suggesting a holistic benefit for individuals with plantar fasciitis. Future studies with larger, more
diverse samples and extended follow-up periods are recommended to validate and expand upon these findings.

In a recent comparative study conducted by Lee et al. (2021), the efficacy of high-load strength training (HLST) with and without plantar
fascia-specific stretching exercises was evaluated in 60 athletes diagnosed with plantar fasciitis. Participants were divided into two equal
groups: the experimental group performed HLST combined with stretching exercises, while the control group underwent HLST alone.
Over a 12-week intervention period, both groups demonstrated significant improvements in pain reduction and functional disability.
However, the experimental group exhibited superior outcomes in all domains. Post-intervention NPRS scores in the experimental group
decreased from 7.3 £ 1.2 to 3.8 + 0.9, compared to a reduction from 7.5 = 1.1 to 4.5 + 1.0 in the control group. Functional disability, as
measured by the Foot Function Index (FFI), improved by 28% in the experimental group versus 18% in the control group. Furthermore,
ankle dorsiflexion range increased significantly in the stretching group (mean improvement of 7.2°) compared to the control group
(mean improvement of 5.4°). The study concluded that the addition of targeted stretching exercises enhanced the effectiveness of HLST
by improving flexibility and tensile strength in the plantar fascia, leading to better functional outcomes and faster symptom relief (21).

CONCLUSION

This study concluded that both high-load strength training with tissue-specific plantar fascia stretching exercises and high-load strength
training without stretching were effective interventions for reducing pain, improving range of motion, and alleviating functional
disability in athletes with plantar fasciitis. However, the combination of strength training with targeted stretching proved to be more
effective, offering superior improvements in all measured outcomes. These findings underscore the value of an integrated approach that
addresses both strength and flexibility to achieve optimal therapeutic results for managing plantar fasciitis.
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