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BIOMECHANICAL ANALYSIS OF A FEMALE WITH PLANTAR FASCIITIS

Summary:
This assessment identified key movement impairments contributing to Plantar fasciitis (PF), including neuromuscular instability, reduced dorsiflexion, and overpronation on the injured foot. Gait analysis revealed asymmetrical foot mechanics, with the right foot showing increased pronation and altered heel strike patterns, leading to more significant strain on the plantar fascia. Postural assessments highlighted kinetic chain imbalances, such as a right-sided weight shift, further increasing foot stress. Functional testing showed reduced foot strength and impaired neuromuscular control, contributing to arch instability. Pain levels increased with higher-impact activities, reinforcing the link between biomechanical inefficiencies and PF symptoms. Targeted exercises such as dorsiflexion and plantar fascia stretching, intrinsic foot muscle strengthening, and gait retraining are recommended to address these issues. A structured approach incorporating postural alignment corrections, biomechanical retraining, and gradual reintroduction of impact activities will enhance movement efficiency, reduce discomfort, and minimise PF recurrence.

Introduction:
Plantar fasciitis (PF) is a common overuse injury characterised by plantar fascia inflammation due to repetitive stress on the foot’s arch. It is particularly prevalent among athletes engaging in high-impact activities, often resulting from improper biomechanics, excessive pronation, altered foot strike patterns, and prolonged foot contact time (Ana et al., 2015; Trojian & Tucker, 2019). Gait asymmetries, neuromuscular instability, and altered ankle range of motion (ROM) are among the key contributing factors that can increase mechanical strain on the plantar fascia, leading to chronic pain and dysfunction (Van Gent et al., 2007). Understanding these biomechanical influences is essential for effective rehabilitation and injury prevention.
This biomechanical assessment aims to identify movement dysfunctions contributing to the athlete’s PF by evaluating gait mechanics, postural alignment, foot stability, and joint mobility. By integrating kinetic and kinematic analyses, the study quantifies deficiencies in movement patterns and provides evidence-based recommendations for targeted rehabilitation interventions. Assessing linear and angular kinematics alongside joint ROM and neuromuscular balance allows a precise understanding of how excessive strain is distributed across the plantar fascia during functional activities (Chang et al., 2014). The data obtained will support personalised rehabilitation strategies, optimising movement efficiency and reducing the likelihood of re-injury.
This analysis assesses a 48-year-old female athlete who first experienced PF while training for an ultra-marathon and high-intensity speed training for rugby. The initial onset of pain occurred after a rugby sprint session, with the most severe symptoms presenting the following morning. The athlete reported consistent pain during running activities, the main pain being in the mornings, after prolonged sitting, or following high-intensity running sessions exceeding 10 km. This symptom pattern is consistent with the findings of of PF (Latt et al., 2020).
After previous treatment, symptoms took 6-12 months to heal fully but recurred on multiple occasions. The athlete has since learned to modify training loads to reduce symptoms but is looking for a more permanent solution. A detailed biomechanical analysis will assess the underlying causes of the PF problems, looking at gait asymmetries, foot muscle imbalances, postural issues, and neuromuscular control deficits (Bolívar, Munuera, and Padillo, 2013). Given the complex nature of PF, this study also explores movement compensations and kinetic chain interactions affecting foot mechanics (Alshehri et al., 2025).
Improper running biomechanics, excessive pronation, and limited dorsiflexion are widely recognised risk factors for PF. Covey & Mulder (2013) highlight that stride length, velocity, and foot strike mechanics directly influence plantar loading, while Trojian & Tucker (2019) emphasise the role of ankle ROM and intrinsic foot strength in PF progression. Studies show that individuals with PF often exhibit reduced plantar flexion strength and asymmetrical balance control. This increases plantar fascia strain (Alshehri et al., 2025). Additionally, Angin, Mickle, and Nester (2018) suggest that foot intrinsic muscles contribute to arch stability, suggesting that strengthening these areas may improve long-term function.
Each biomechanical test in this analysis plays a specific role in evaluating the athlete’s movement efficiency and risk factors for PF recurrence:
· Gait Analysis & Treadmill Tests – Evaluate stride length, foot contact time, velocity, and pronation patterns to identify inefficient movement strategies contributing to excessive plantar fascia strain (Chang et al., 2014).
· Windlass Test – Assesses plantar fascia tension under dorsiflexion to confirm the presence of PF-related tightness and pain (Alshami et al., 2007).
· Range of Motion (ROM) Testing – Identifies dorsiflexion and plantar flexion restrictions, which could contribute to compensatory foot strike patterns and increased fascial strain (Bolívar et al., 2013).
· Postural Assessment – Evaluates static alignment, shoulder balance, and weight distribution, helping to identify kinetic chain imbalances that may affect foot mechanics.
· Single-Leg Balance Test – Examines neuromuscular control, postural stability, and weight-bearing asymmetries, which may indicate foot muscle weakness and compensatory strategies that affect plantar fascia function (Alshehri et al., 2025).
· VAS (Visual Analogue Scale) Pain Scale – Quantifies subjective pain intensity across different activities (e.g., walking, running) to correlate pain levels with biomechanical dysfunctions.

Analysis: 
1. Gait Analysis
Gait analysis is essential to identify biomechanical issues contributing to PF. This includes assessing foot contact time, stride length, velocity, step symmetry, and pronation patterns, all of which can influence plantar fascia strain and pain development.

Foot Contact Time, Stride Length, Step Symmetry, and Cycle Duration
These metrics help assess foot function, weight distribution, and potential compensatory gait strategies.
· Foot Contact Time (s): The duration a foot remains in contact with the ground.
· Stride Length (m): The distance between successive footfalls of the same foot.
· Cycle Duration (s): The time from initial foot contact to the next contact of the same foot.
· Velocity (m/s): Stride Length / Cycle Duration.
· Step Symmetry (%): (|Left Step Time - Right Step Time| / Maximum Step Time) * 100%, with 0% being perfect symmetry.

	Table 1: Foot Contact Time, Stride Length, Step Symmetry, and Cycle Duration at Different Speeds

	Speed
(km/h)
	Foot 
	Foot contact time (s)
	Stride length (m)
	Cycle duration (s)
	Velocity (m/s)
	Step symmetry (%)

	5
	Left 
	0.7
	1.4
	1.06
	1.32
	0

	5
	Right 
	0.7
	1.47
	1.06
	1.39
	0

	10
	Left
	0.36
	2.03
	0.7
	2.9
	0

	10
	Right
	0.33
	2.09
	0.7
	2.99
	0

	14
	Left
	0.26
	2.72
	0.66
	4.12
	0

	14
	Right
	0.23
	2.8
	0.66
	4.24
	0



Observations:
· Right foot shows a longer stride length across all speeds, 
· Right foot consistently has a shorter contact time, indicating a possible protective mechanism.
· At higher speeds (10-14 km/h), the right foot has a shorter contact time, possibly reducing weight-bearing due to discomfort
· Step symmetry is 0%, meaning the timing of each step is symmetrical, but stride mechanics still differ between feet.
· The right foot has a higher speed velocity, indicating possible push-off asymmetry.

2 Foot and Ankle Biomechanics
These test ankle range of motion and plantar fascia stiffness, which can influence running mechanics.




Pronation/Supination Analysis.
Purpose: Examining pronation levels is vital since excessive pronation can increase medial plantar loading, worsening PF symptoms.

	Table 2: pronation/supination analysis

	Speed (km/h)
	Left foot angle (°)
	Right foot angle (°)
	Observations

	5
	179.5
	174.8
	Right foot pronating more than left

	10
	176.6
	170.1
	Pronation increases with speed, especially right foot

	14
	178.8
	169.2
	Right foot continues to pronate more than left


  
Observations:
· Right foot pronation is consistently higher, which may increase strain on the plantar fascia.
· Pronation increases with speed, aligning with research suggesting excessive pronation can be a key PF risk factor (Alshami et al., 2007).
· Arch support or strengthening intrinsic foot muscles may help reduce overpronation.

Dorsiflexion at Heel Strike.
Purpose: Limited dorsiflexion can change foot strike mechanics, increasing plantar fascia strain.

	Table 3: dorsiflexion at heel strike

	Speed (km/h)
	Left dorsiflexion (°)
	Right dorsiflexion (°)

	5
	98.6
	103.3

	10
	90.1
	93.8

	14
	93.8
	97.4



Observations:
· 10 km/h dorsiflexion drop suggests an altered foot-strike pattern, which may aggravate PF symptoms (Bolívar et al., 2013).
· Right foot dorsiflexion is consistently higher, likely compensating for plantar fascia strain

3. Windlass Test
Purpose: The Windlass Test assesses plantar fascia stiffness and potential dysfunction.

	Table 4: windlass test results

	Foot 
	Big toe angle (°)
	Pain reported?

	Left
	44.7
	No 

	Right 
	40.2
	yes



Observations:
· A positive Windlass Test on the right foot confirms PF, as plantar fascia tension increases pain (Alshami et al., 2007).
· Reduced big-toe dorsiflexion suggests stiffness, which reduces shock absorption and exacerbates plantar strain (De Garceau et al., 2003).









4. Postural and Stability Analysis
Single-Leg Balance Test.
Purpose: This tests neuromuscular control, postural stability, and weight-bearing asymmetry.

	Table 5: Single-leg balance test
	

	Foot 
	 Eyes open (seconds)
	Eyes closed (seconds
	Observations 

	Left 
	60
	36.09
	Strong balance, even weight distribution

	Right 
	60
	30.46
	Eyes open, strong balance, eyes closed less balance. Lifting big toe occasionally



Observations:
· Reduced balance on the right foot suggests neuromuscular instability, which may increase plantar fascia strain (Alshehri et al., 2025).
· Increased lateral foot pressure during balancing suggests avoiding big toe loading
Postural Assessment
Purpose: Evaluating postural alignment helps identify kinetic chain imbalances contributing to PF.
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Observations:
· A slight right shoulder dip and greater lateral weight distribution on the right foot indicate kinetic chain imbalances.
· Normal arch heights bilaterally suggest that PF is related to dynamic movement patterns rather than static arch collapse.






5. VAS Pain Score
Purpose: Assessing pain levels during different activities provides insights into biomechanical dysfunction and PF severity.

	Table 6: VAS pain score

	
	Left foot (VAS 0-10)
	Right foot (VAS 0-10)

	Standing 
	0
	0-1

	Walking (5km/h)
	0
	1-2

	Running (10km/h)
	0
	3-5

	Running (14 km/h)
	0
	3-5



Observations:
· Pain increases with speed, reinforcing the link between impact forces and PF symptom aggravation (Chang et al., 2014).
· Higher pain levels during running align with biomechanical inefficiencies (outward forefoot rotation, altered heel strike).
· Pain worsening after inactivity suggests fascial stiffness, supporting studies on PF symptom patterns (Trojian & Tucker, 2019).

Key Findings:
· Gait asymmetries include a longer right foot stride, shorter contact time, and increased pronation.
· Biomechanical markers for PF include a positive Windlass test, pain-dependent dorsiflexion changes, and asymmetric balance control.
· Morning and post-inactivity pain patterns are consistent with PF (Trojian & Tucker, 2019).
· Right foot modifications (shorter contact, longer stride) suggest a compensatory offloading pattern.

Summary interpretation.
The functional tests, postural assessment, and gait analysis revealed important biomechanical information regarding PF. Gait analysis revealed excessive pronation, increased foot contact time, and reduced dorsiflexion, all contributing to plantar fascia tension. The postural assessment revealed kinetic chain imbalances, such as uneven weight distribution, which causes additional stress on the foot. Functional testing revealed decreased foot strength and impaired neuromuscular control, which reduced arch stability and increased the risk of repetitive strain injuries. The findings reinforce gait asymmetries, poor foot mechanics, and postural imbalances that contribute to chronic PF symptoms and a risk of the injury reoccurring. Addressing muscle imbalances and ankle mobility issues is critical for rehabilitation. Any therapy should focus on posture correction, intrinsic foot muscle strengthening, and dorsiflexion improvement to improve movement efficiency, relieve discomfort, and avoid PF recurrence. A structured method that combines biomechanical correction and neuromuscular training will improve long-term foot function and injury prevention.

Recommendations.
This study found that the causes of plantar fasciitis (PF) were overpronation, lowered dorsiflexion, neuromuscular instability, and kinetic chain imbalances. The following short-term and long-term recommendations focus on rehabilitation, biomechanical correction, and performance development to reduce plantar fascia strain, restore optimal movement patterns, and improve functional capacity. 
Short-Term Goals (6-8 Week Mesocycle Approach)
The initial phase should focus on reducing strain on the plantar fascia through targeted stretching, strengthening, and biomechanical corrections.
· Stretching Protocols
. Gastrocnemius and soleus stretching (e.g., wall calf stretch, foam rolling) to improve ankle dorsiflexion and reduce compensatory loading in the foot.
. Plantar fascia-specific stretching (e.g., seated toe stretches, towel-assisted dorsiflexion) increases soft tissue flexibility and minimises morning stiffness.
· Intrinsic Foot Muscle Strengthening
. Short foot exercises to strengthen medial arch stability and reduce excessive pronation (Angin, Mickle, & Nester, 2018).
. Towel scrunches and resistance band toe flexion drills to enhance foot stability.
· Gait Corrective Exercises
. Single-leg balance training (e.g., unstable surface drills) to improve neuromuscular control and weight distribution.
. Cadence training (increasing step rate) to reduce overstriding and impact forces, as Covey & Mulder (2013) recommended.
Long-Term Rehabilitation Strategies:
Once pain levels decrease, a gradual return to high-impact activities can begin:
· Controlled Return to Running
. Begin with low-impact exercises (e.g., cycling, rowing) before progressing to interval-based running.
. Monitor pain levels and modify intensity accordingly.
· Orthotic Consideration
. If excessive pronation continues, custom orthotics can help spread pressure and reduce strain.
· Progressive Plyometric Drills
. Introduce calf jumps, pogo jumps, and lateral agility drills to improve foot strength and impact absorption.
Performance Enhancement Strategies
Including biomechanical retraining can assist in improving performance and prevent future injuries: 
· Running Form Adjustments
. Strengthen hip abductors and core muscles to enhance lower limb stability and reduce compensatory movement patterns (Alshehri et al., 2025).
· Postural Stability Training
. Glute activation drills (e.g., clamshells, lateral band walks) to reduce hip drop and improve lower limb alignment.
This type of planned therapy helps the athlete return to high-impact activities safely, control plantar fascia tension, and maximise foot biomechanics, reducing the likelihood of PF recurrence. 
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