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ABSTRACT

Introduction and Purpose: Plantar fasciitis (PF) is one of the most common causes of heel pain in adults, with a lifetime
incidence of about 10%. Diagnosis is primarily clinical, based on patient history and physical examination. This study aims
to present and compare treatment modalities for PF, including conservative and surgical options.

Brief Description of the State of Knowledge: The plantar fascia is a dense connective tissue crucial for supporting the
medial longitudinal arch and enabling efficient gait. PF most often affects individuals aged 45—65 and is frequently associated
with elevated body mass index. A characteristic symptom is sharp heel pain upon rising in the morning, which improves
with walking. Physical examination may include the Silfverskiold test to assess gastrocnemius contracture. Imaging, such as
radiography, ultrasonography, or MRI, can support diagnosis. Although PF often recurs, 85-90% of patients respond to
conservative treatment. Historically, management relied on night splints, orthoses, NSAIDs, and corticosteroid injections.
Current strategies emphasize stretching and strengthening exercises. Surgical treatment is reserved for refractory cases.
Materials and methods: In this article, we utilized scientific literature describing various treatment approaches for patients
with PF. Particular attention was given to diagnostic strategies and the appropriate use of imaging modalities. Treatment
efficacies were compared, and potential adverse effects were also discussed.

Conclusions: Multiple therapies for PF show similar efficacy. Conservative management should remain first-line, with
surgery considered when nonoperative measures fail. Successful outcomes depend on individualized treatment, patient
education, and adherence. Collaboration between orthopedic surgeons and physiotherapists plays a key role in optimizing
care.

KEYWORDS
Plantar Fasciitis, Heel Pain, Heel Spur, Silfverskiold Test, Gastrocnemius Muscle Contracture
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Introduction

Plantar fasciitis (PF), typically a self-resolving disorder, is one of the most frequent etiologies of heel
pain in the adult population (Riddle & Schappert, 2004). It is estimated that approximately one in ten
individuals will experience PF at some point during their lifetime (Monteagudo et al., 2018). Patients with PF
typically present to primary care physicians as their first point of contact for evaluation and management of
heel pain (Goff & Crawford, 2011; Riddle & Schappert, 2004). Diagnosis of the PF is usually built on patient’s
history and physical examination. Over the past 15 years, non-surgical management strategies have shifted
from a primary reliance on orthotics and splinting toward the incorporation of stretching exercises as a central
component of treatment (Monteagudo et al., 2018). Histopathological evaluations more frequently reveal tissue
thickening and degenerative alterations rather than overt inflammatory changes. The term 'fasciitis' may be
somewhat misleading, as it implies an inflammatory etiology, which does not accurately reflect the
predominant degenerative nature of the condition (Monteagudo et al., 2018).

Anatomy

The plantar fascia is a thick connective tissue structure that plays a crucial role in maintaining the
integrity and stability of the foot's arch (Cutts et al., 2012). It delivers a connection between the calcaneal
tuberosity, the proximal phalanx of each toe and the metatarsal heads, giving solid mechanical support
(Lemont et al., 2003). The plantar fascia functions dynamically throughout the gait cycle, lengthening during
the stance phase and accumulating potential energy in the process. Subsequently, the plantar fascia undergoes
passive recoil, transforming the stored potential energy into kinetic energy, thereby contributing to forward
propulsion (Cutts et al., 2012).
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Risk Factors

Although its exact pathogenesis remains unclear (Monteagudo et al., 2018), several risk factors have
been identified. PF most commonly affects individuals between the ages of 45 and 65 (Monteagudo et al.,
2018; Riddle & Schappert, 2004). An increased range of motion in plantarflexion, as well as increased BMI
and body mass has been identified as a potential risk factor for the development of PF (Hamstra-Wright et al.,
2021). Biomechanical irregularities of the foot, including a shortened Achilles tendon, high arches (pes cavus),
and flat feet (pes planus), have also been linked to the occurrence of PF (Cutts et al., 2012; Gill, 1997).

Additionally, patients with certain spondyloarthropathies may have an increased incidence of PF,
especially among younger patients, suggesting a possible inflammatory component (Jung et al., 2024).

Clinical findings

Plantar heel pain constitutes the most common symptom promoting patients to seek medical evaluation. This
discomfort is usually most severe upon initial steps in the morning and decreases progressively as ambulation
continues (Monteagudo et al., 2018). During sleep, the plantar fascia undergoes mild contraction, and the sudden
stretching that occurs upon waking is likely a key factor contributing to the onset of pain (Cutts et al., 2012).

Previous study presented, that approximately 83% of individuals diagnosed with PF exhibit restricted ankle
dorsiflexion (Monteagudo et al., 2018; Patel & DiGiovanni, 2011). A limitation is strongly attributed to isolated
gastrocnemius tightness (Nakale et al., 2018).

Pain can be increased by prolonged activities such as walking or running (Thomas et al., 2001). The onset of
pain symptoms may be associated with a recent increase in the patient's physical activity, for example job transition
(Goff & Crawford, 2011). Paresthesia is not considered to be a typical clinical finding (Rompe et al., 2010).

Previous study presented, that approximately 83% of individuals diagnosed with PF exhibit restricted
ankle dorsiflexion (Monteagudo et al., 2018; Patel & DiGiovanni, 2011). A limitation is strongly attributed to
isolated gastrocnemius tightness (Nakale et al., 2018). Shortening of this muscle elevates tension within the
Achilles tendon and contributes to reduced foot dorsiflexion flexibility, thereby amplifying stress on the plantar
fascia during walking (Riddle, Pulisic, Pidcoe, & Johnson, 2003).

During clinical examination, patients commonly adopt an equinus foot position during gait, in order to
avoid pain on the heel (Rompe et al. 2009). Assessment typically reveals tenderness over the medial calcaneal
region, which is exacerbated by passive dorsiflexion, indicating involvement of the plantar fascia (Riddle &
Schappert, 2004).

The Silfverskidld test is used to evaluate isolated gastrocnemius muscle contracture. To perform the test,
the patient is positioned in the prone position. Ankle dorsiflexion is first assessed with the knee fully extended,
and then re-evaluated with the knee flexed to approximately 90 degrees (Noriega et al., 2022; Garcia-Vidal et
al., 2018). The test is considered to be positive, when the maximal ankle dorsiflexion on the flexed knee is
greater than when the knee is extended. Such a result is indicative of isolated gastrocnemius tightness (Nakale
etal., 2017; Fazal et al., 2017).

Imaging

Although the primary role of the physician is to obtain a patient history and perform a thorough clinical
examination, imaging studies may be utilized as a complementary diagnostic tool. The choice of imaging
modality depends on the individual needs of the patient and may help guide appropriate treatment strategies.

Conventional radiographs are commonly employed as an initial diagnostic tool, with the presence of a
calcaneal spur being a characteristic finding often observed in patients with PF (Goff & Crawford, 2011).
Patients diagnosed with PF exhibited a markedly higher prevalence of calcaneal spurs than those in the control
cohort (Kumai & Benjamin, 2002). On the other hand spurs are frequently observed in individuals without
symptoms, with research indicating a prevalence of 11% in the U.S. population. This supports the notion that
such spurs may be incidental rather than causative (Kibler et al., 1998). Moreover, results indicate that bony
spur presence and size are not predictive of pain severity or clinical presentation (Monteagudo et al., 2018;
Ahmad et al., 2016).

A recent study performer on 141 participants revealed, that plantar fascia thickening was the most
frequently observed abnormality in the MRI scan and was present in every case. Nevertheless, research has
shown no significant association between the degree of plantar fascia thickening and the intensity of heel pain
(Fazal etal., 2017). Additionally, a systematic review demonstrated, that the presence of hyper intensive signal
in the MRI scan is 146 times more probable to occur in patients with plantar heel pain compared to a control
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group (Drake et al., 2022). MRI can aid in excluding alternative diagnoses and identifying uncommon
pathologies in the heel region (Monteagudo et al., 2018).

Ultrasound's effectiveness in detecting and monitoring PF was the subject of analysis in a recent
systematic review. One of them examined the application of ultrasound in the context of PF, concluding that
it is a precise, dependable, and non-invasive method for measuring plantar fascia thickness, evaluating
treatment outcomes, and assisting in the administration of therapeutic interventions (Mohseni-Bandpei et al.,
2014). In comparison to MRI, ultrasound provides equivalent diagnostic value, including visualization of
fascial thickness and structural abnormalities, while offering advantages in cost, accessibility, and real-time
monitoring (Sabir et al., 2005).

Treatment

Numerous therapeutic options have been developed for PF, and the overall approach to management has
shifted considerably in recent years. The majority of patients with PF as approximately 85 to 90% on patients
respond well to conservative therapy without the need for surgical intervention (Schepsis et al., 1993). Nevertheless
recurrent PF consists a typical clinical figure. The issue was addressed in a longitudinal study that evaluated 174
patients over a 5- to 15-year follow up. Findings indicated that the likelihood of persistent PF symptoms was 50.0%
at 5 years, gradually decreasing to 45.6% at 10 years and 44.0% at 15 years following symptom onset (Hansen et
al., n.d.). Activity modification, including relative rest and avoiding aggravating activities, is a key component in
the conservative management of PF, helping to reduce stress on the plantar fascia and alleviate symptoms (Lim et
al., 2016). Avoidance of aggravating activities through lifestyle modification constitutes the most straightforward
method of managing the condition (Poenaru et al., 2021). Among the recommended adjustments notable may be
appropriate footwear selection as a study conducted on amateur runners demonstrated that it can significantly reduce
pain symptoms (Cornwall et al., 2017; Poenaru et al., 2021).

Night splints

Night splints, first introduced as a treatment for PF by Wapner and Sharkey in 1991, represent one of
the earlier therapeutic approaches used to manage the condition (Beyzadeoglu et al., 2007). This method
involves maintaining the ankle in a neutral or dorsiflexed position during sleep (Lee et al., 2012). Night splints
may be employed as an adjunct to standard therapy, however, they have not been shown to reduce the risk of
symptom recurrence over a two-year follow-up period (Beyzadeoglu et al., 2007). Moreover, some studies
have indicated that night splints may cause foot discomfort, which can negatively impact sleep quality (Lee et
al., 2012; Young et al., 2001).

Foot orthoses

The use of foot orthoses is based on reducing plantar pressure, which in turn decreases the mechanical
load on the plantar fascia, thereby alleviating symptoms of PF (Gerrard et al., 2020). An analysis of 19
randomized clinical trials involving 1,660 patients demonstrated that foot orthoses may be effective in reducing
pain in the medium term (7—12 weeks); however, their impact on function was not significant. In the long term
(13-52 weeks), there was no evidence of improvement in pain or function (G. Whittaker et al., 2017).

Stretching and strengthening

Effective collaboration between the physician and physiotherapist enables the implementation of both
stretching and strengthening exercises as integral components of a non-invasive treatment strategy for PF. This
multidisciplinary approach ensures proper exercise prescription, patient education, and adherence, thereby
optimizing therapeutic outcomes.

High-load strength training involves performing single-leg heel raises with the toes dorsiflexed over a
rolled towel to effectively engage the windlass mechanism. This exercise is typically carried out on a step or
stair to allow for a greater range of motion and increased loading of the plantar fascia (Rathleff et al., 2014).

A randomized controlled trial by DiGiovanni et al. demonstrated that a non—weight-bearing plantar
fascia-specific stretching protocol, involving dorsiflexion of the toes and ankle with the foot crossed over the
opposite knee, performed three times daily, significantly reduced both worst pain and first-step morning pain
over an 8-week period compared to standard Achilles tendon stretching (DiGiovanni et al., 2003). In another
study, both stretching and strengthening exercises were evaluated for their effectiveness in managing PF. The
findings demonstrated that each intervention led to comparable improvements in pain reduction and gait
function after the 3 month follow-up. Notably, both the intensity of the worst pain and morning discomfort
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significantly decreased in each group, with no substantial differences observed between the two approaches
(Thong-On et al., 2019). Both stretching and strengthening exercises require patient adherence and active
participation to achieve therapeutic effectiveness. Consistent engagement and proper technique are essential
for optimal outcomes in the management of PF (Rathleff et al., 2014).

Extracorporeal Shock Wave Therapy (ESWT)

The physiological impacts of shockwaves have been extensively studied, revealing that various energy forms
influence the musculoskeletal system by alleviating pain and promoting tissue repair. Positive outcomes have been
demonstrated in treating multiple musculoskeletal conditions, including PF (Bannuru et al., 2014; Gollwitzer et al.,
2015; Rompe & Maftulli, 2007; Tenforde et al., 2022). Cited recent meta-analysis demonstrates that ESWT serves
as an effective noninvasive therapy for managing PF, resulting in significantly greater pain relief compared to
placebo (Tung et al., 2025). Furthermore, a systematic review and meta-analysis suggested that ESWT may reduce
plantar fascia thickness, a structural marker of PF, though it did not show a significant advantage over other non-
invasive interventions in long-term pain reduction (Simental-Mendia et al., 2024).

Non-steroidal anti-inflammatory drugs (NSAIDs)

In response to acute pain, patients frequently resort to non-steroidal anti-inflammatory drugs (NSAIDs)
(Poenaru et al., 2021). While these medications offer short-term pain relief, they have limited long-term
efficacy. NSAIDs carry several drawbacks, notably an increased risk of gastrointestinal bleeding, abdominal
discomfort (Chi et al., 2018), and potential renal impairment (Horl, 2010).

Corticosteroid injection

Corticosteroid injection represents an additional option for managing acute pain episodes in individuals
with PF. This approach has been in use since the 1950s, making it one of the oldest interventions. A review of
ten randomized controlled trials demonstrated that while corticosteroid injections significantly reduce pain,
their effects are typically short-term, lasting between 4 and 12 weeks (Ang, 2015). A study conducted on 120
patients revealed that plantar fascia rupture occurred in 3 individuals who received steroid treatment. This
adverse effect is suspected to be associated with high BMI, which may increase the risk of fascial rupture (Kim
et al., 2010). The other side effect constitutes degeneration of both the plantar fascia and the heel fat pad,
potentially resulting in persistent discomfort and chronic pain (Latt et al., 2020).

Platelet — rich plasma (PRP)

Platelet-rich plasma (PRP) is regarded as an autologous blood-derived product that can be externally
administered to different tissues, delivering elevated levels of platelet-derived growth factors that facilitate the repair
of wounds, bones, and tendons (Mohamed et al., 2012; Sampson et al., 2008). Autologous PRP was initially applied
in 1987 by Ferrari et al. during open heart surgery. In subsequent years, its use expanded into orthopedics, where it
has been employed as a substance to accelerate tissue healing (Ferrari et al. 1987; Sampson et al., 2008). A meta-
analysis demonstrated that platelet-rich plasma (PRP) is more effective than corticosteroid injections in reducing
heel pain during prolonged observation periods (G. A. Whittaker et al., 2019).

Surgery

According to the American Academy of Family Physicians, if symptoms persist despite nonoperative
measures, referral to a specialist for further therapy and possibly surgery may be appropriate (Cole et al., 2005).
A variety of surgical techniques are available, and the choice of procedure should be individualized based on
the patient’s clinical condition, anatomical considerations, and therapeutic needs.

On of the surgical approaches constitutes plantar fasciotomy, a procedure primarily indicated for patients
with chronic PF who have not responded to conservative treatment after 6 to 12 months. The method aims to
relieve pain by partially releasing the plantar fascia to reduce its tension and mechanical stress. Operation can
be performer either through an open approach or using an endoscopic technique, both aiming to disrupt the
chronic inflammatory process and reduce pain (Yuan et al., 2020).

Gastrocnemius recession is a surgical intervention used to manage chronic PF by correcting
gastrocnemius equinus—a biomechanical condition marked by restricted ankle dorsiflexion resulting from
tightness in the gastrocnemius muscle. During operation with a patient under spinal or local anesthesia the
plantar aponeurosis is incised using a scalpel while simultaneously applying ankle dorsiflexion to facilitate
separation of the tissue ends (Monteagudo et al., 2013).
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Discussion

A wide range of therapeutic options exists for the management of PF, many of which demonstrate
similar levels of clinical effectiveness. Accurate diagnosis is essential in the management of PF, as plantar heel
pain may arise from a variety of underlying etiologies. While the condition is most often identified clinically
through history and physical examination, reliance solely on typical symptoms such as morning heel pain can
lead to diagnostic oversights. Current consensus supports initiating treatment with conservative strategies, such
as physical therapy, orthotic devices, stretching and strengthening exercises, and pharmacological
interventions. Strengthening and stretching exercises appear to be among the most effective options for
achieving sustained therapeutic benefits in the management of PF. It is important to recognize that combining
various treatment modalities may lead to enhanced outcomes, as a multimodal approach can address different
aspects of the condition more comprehensively. Surgical procedures should be reserved for patients who do
not respond adequately to prolonged non-operative care.

Conclusions

Optimal outcomes in the treatment of PF depend not only on the appropriate selection of therapeutic
modality but also on individualized care that takes into account the specific etiology of the condition, patient
comorbidities (e.g., elevated BMI), and the individual’s ability and willingness to comply with prescribed
interventions. Furthermore, structured patient education is a critical component in ensuring understanding of
the condition and adherence to treatment. Close interdisciplinary cooperation—particularly between
orthopedic surgeons and physiotherapists—plays a pivotal role in coordinating care, guiding rehabilitation,
and preventing recurrence, thereby maximizing long-term patient benefit.

Further research is required to optimize treatment strategies and to identify the most effective pathway
for restoring function and improving long-term outcomes in patients with PF. Future studies should aim to
refine patient selection criteria, compare long-term efficacy of available interventions, and explore the
integration of multimodal approaches tailored to individual patient profiles.

Funding Statement: The study did not receive any special funding.
Contflicts of Interest: No conflicts of interest to declare.
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