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Introduction
Plantar fascia has long been connected to the kinematics 
and kinetics qualities of the ankle and foot. (Gefen, 2002) 
The functional role of the plantar fascia is dependent on its 
mechanical properties. (Wearing et al., 2006) Thickness of the 
plantar fascia is different along the length of the plantar fascia. 
It is modified under loading, also. (Garcia et al., 2008) Plantar 
fascia is composed of compacted longitudinal, transverse 
and oblique collagen fibers and elongates in loading and 
stores energy. (Bartold, 2004) Consequences concerning the 
proper- ties of the plantar fascia and its effect on the structure 
and function of the foot and ankle have been attained through 
cadaveric and modeling studies. (Wearing et al., 2006), 
(Erdemir et al., 2004), (Gefen, 2002), (Cheung et al., 2006), 
(Hammer, 2008).

On one hand, thickness of the plantar fascia is parameter to 
identify the location along the length of the plantar fascia. 
(Huerta & García, 2007) On the other hand, thickness of the 
plantar fascia is modified under loading. (Garcia et al., 2008) 
On one hand, plantar fascia transmits force be- tween the hind 
foot and fore foot. (Erdemir et al., 2004) On the other hand, 
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plantar fasciitis is common at the calcaneal attachment in 
middle-aged individuals. (Puttaswamaiah et al., 2007) On one 
hand, plantar fascia like ligaments has viscoelastic properties 
in the cadaveric foot. On the other hand, there are histological 
differences between plantar fascia and ligaments. (Wearing et 
al., 2006) On one hand, plantar fascia is medial longitudinal 
arch stabilizer. On the other hand, plantar fascia has a limited 
ability to elongate (Bartold, 2004).

On one hand, the direction of the plantar fascia is effective 
to maintain the medial longitudinal arch throughout the gait. 
(Bolgla & Malone, 2004) On the other hand, plantar fascia 
is divided in different planes and is attached to the various 
tissues. (Aquino & Payne, 1999) On one hand, plantar fascia 
is static and dynamic stabilizer of the medial longitudinal arch. 
(Puttaswamaiah et al., 2007) On the other hand, most cadaveric 
studies have focused on the biomechanical consequences of 
complete plantar fascia releasing (Cheung et al., 2004).

That’s why it has been decided specific properties of the plantar 
fascia are studied in living individual in static and locomotion.
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Method
Analyze the previous studies and methods about plantar fascia 
properties.

The aim of reviewing previous studies is better comprehension 
about the plantar fascia char- acteristics, structure, function 
and unknown key facts (La Porta et al., 2005, Wearing et 
al., 2006), (Grinnell, 2007), (Langevin & Huijing, 2009), 
(Hammer, 2008), (Caravaggi et al., 2010), (McNally & Shetty, 
2010), (Dugan & Bhat, 2005), (Wright & Rennels, 1964).

Study mechanical properties of the plantar fascia in living 
individual in static and locomotion: (Wearing et al., 2006; 
Garcia et al., 2008), (Bolgla, 2004).

Plan of investigation is to identify the location of the plantar 
fascia along its length in un- loading and before modification 
in both feet. The plan of investigation is designed depending 
on 6 non weight bearing landmarks. Handheld calipers are 
used to calculate the measurements of the foot (Butler et al., 
2008), (Glasoe et al., 2002) In this plan, OO’ is the mid line of 
the plantar aspect of the foot.

To register specific location of the plantar fascia, ultrasound 
images in sagittal and frontal planes are scanned. (Akfirat 
& Gunes, 2003), (Gibbon & Long, 1999, Vohra et al., 2002) 
Plantar aspect of the foot is upward; Ultrasound scanning can 
be done in prone position with flexed knees and ankles. (Glasoe 
et al., 2002), (Huerta & García, 2007) Thickness of the plantar 
fascia is evaluated via “Image J” software with the resolution 
of tenth of a millimeter. The oo’ line is registered on the mid 
line of the monitor in ultrasound. The thickness is measured 
from both sides of the mid line every 5mm.

Figure 1: Plan of investigation      

Figure 2: Ultrasound image, Right foot, Area2, Longitudinal

Figure 3: Ultrasound image, left foot, Area2, Longitudinal

Reliability and validity of the plan: For reliability of the plan 
two orthoptists with different levels of experience take blinded 
measurements and depict the plan. Landmarks are transferred 
on transparent paper in short sitting position. For validity of 
the plan, the distance be- tween landmarks is compared with 
distance in x-ray in short sitting position (Williams & McClay, 
2000).

Reliability and validity of quantifying the thickness of the 
plantar fascia: For reliability, the evaluation is repeated seven 
times. For validity, the evaluation is done from left to right 
and from right to left, every 5mm. (The mean of the plantar 
fascia thickness in each location is calculated after seven 
times evaluation then Standard Deviation (SD) of that area is 
computed.)

Pressure marker, E-med (Foot Pressure Scanner), Motion 
analyzer.

Pressure markers are put in identified location which its 
thickness is close to the mean of the plantar fascia thickness in 
each area of the plantar aspect of the foot.
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         Figure 4: E-med and Motion analyzer                                   Figure 5: Pressure marker

The aim is identifying how much pressure is applied on identified thickness of the plantar fascia in static and locomotion (Bolgla 
& Malone, 2004), (Keijsers et al., 2009; Mac Williams et al., 2003).

Reliability and validity of experimental model: For reliability, each test is repeated ten times. For validity, test is taken with 
similar confirmed models (MacWilliams et al., 2003; JenKyn & Nicol, 2007).

Reliability and validity of the identified location of the plantar fascia on Emed: For reliability, the length and the width of the 
location is measured ten times. For validity, ±SD shows the displacement of the pressure marker.

Results
Table 1: The quantity of the applied load on the plantar fascia in erect posture

Area
(Right foot)

Thickness of the identified 
Location of the plantar fascia
(Ultrasound)

Identified location of the 
plantar fascia on (E med)

The quantity of the
applied 
pressure Mean 
(KPa) ± SD

The % of the body 
weight (70 Kg) 
applied in identified 
location of the plantar 
fascia

Longitudinal 
Mean(mm) 
± SD

Transverse 
Mean(mm)
± SD

Length 
Mean(mm)
± SD

Width 
Mean(mm)
± SD

1 3.8 ± 0.4 2.3 ± 1.0 74 ± 1.6 26 ± 2.8 46.6 ± 13.1 0.6% ± 0.18%
2 1.2 ± 0.7 1.1 ± 0.6 101.6 ± 1.7 48.3 ± 3.6 51.6 ± 6.2 0.7% ± 0.09%
3 1.3 ± 0.3 1.4 ± 0.2 151.3 ± 2.6 41 ± 2.9 43.3 ± 4.7 0.6% ± 0.67%

Table 2: The quantity of the applied load on the plantar fascia in mid stance:
Area
(Right foot)

Thickness of the identified 
Location of the plantar fascia
(Ultrasound)

Identified location of the 
plantar fascia on (E med)

The quantity of the 
applied pressure 
Mean (KPa)
± SD

The % of the body 
weight (70 Kg) 
applied in identified 
location of the plantar 
fascia

Longitudinal 
Mean (mm)
± SD

Transverse 
Mean (mm)
± SD

Length 
Mean(mm)
± SD

Width 
Mean(mm)
± SD

1 3.8 ± 0.4 2.3 ± 1.0 85.6 ± 3.9 22.2 ± 4.7 60.8 ± 17.6 0.8% ± 0.25%
2 1.2 ± 0.7 1.1 ± 0.6 114.6 ± 4.0 46.4 ± 4.1 71.6 ± 3.7 1.0% ± 0.052%
3 1.3 ± 0.3 1.4 ± 0.2 166.4 ± 4.7 46.4 ± 5.2 59.1 ± 20.1 0.8% ± 0.28%
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Table 3: The quantity of the applied load on the plantar fascia (forefoot) in double support of stance phase

Area
(Right foot)

Thickness of the identified 
Location of the plantar fascia
(Ultrasound)

Identified location of the 
plantar fascia on (E med)

The quantity of the 
Applied Pressure 
Mean (KPa)
± SD

The % of the body 
weight (70 Kg)
applied in identified 
location
of the plantar fascia

Longitudinal 
Mean 
(mm) ± SD

Transverse 
Mean 
(mm) ± SD

Length 
Mean
(mm) ± SD

Width Mean
(mm) ± SD

1 1.3 ± 0.3 1.4 ± 0.2 166.4 ±4.7 46.4 ± 5.2 78.3 ±19.5 1.1% ± 0.27%
Force (N) = Pressure (Pa). Area (m2)1 (Kg) = 9.8 (N)(9.8 ~ 10)

Importance / Novelty of Research
To evaluate different thicknesses of the plantar fascia along its 
length in unloading in living individual.

To evaluate equivalent locations of the plantar fascia thickness 
in opposite foot.

Thickness of the plantar fascia can be evaluated in each 
location in two planes (sagittal and frontal).

To quantify the amount of the vertical load (body weight) 
applied on the identified location of the plantar fascia in living 
individual.

The angle of lower limb joints (ankle, knee, hip) and medial 
longitudinal arch and the amount of the applied vertical load 
(body weight) can be evaluated simultaneously, in static and 
locomotion, also.

Conclusion
To find a scale of the body characteristics of living individual 
can be achievable and effective in prevention, treatment and 
rehabilitation. Without this scale, prevention can be unsure, 
treatment schedule is done step by step and therapist should 
follow trial process in rehabilitation.

References
1.	 Gefen, A. (2002). Stress analysis of the standing foot 

following surgical plantar fascia release. Journal of 
Biomechanics, 35(5), 629-637. 			 
DOI: 10.1016/s0021-9290(01)00242-1

2.	 Wearing, S. C., Smeathers, J. E., Urry, S. R., Hennig, E. 
M., & Hills, A. P. (2006). The pathomechanics of plantar 
fasciitis. Sports Medicine, 36(7), 585-611. 		
DOI: 10.2165/00007256-200636070-00004

3.	 Garcia, C. A., Hoffman, S. L., Hastings, M. K., Klaesner, 
J. W., & Mueller, M. J. (2008). Effect of metatarsal 
Phalangeal joint extension on plantar soft tissue stiffness 
and thickness. Foot (Edinb), 18(2), 61-7. 		
DOI: 10.1016/j.foot.2007.12.002

4.	 Bartold, S. J. (2004). The plantar fascia as a source of 
pain-biomechanics, presentation and treatment. Journal of 
Bodywork and Movement Therapies, 8(3), 214-226. 	
DOI: https://doi.org/10.1016/S1360-8592(03)00087-1

5.	 Erdemir, A., Hamel, A. J., Fauth, A. R., Piazza, S. J., & 
Sharkey, N. A. (2004). Dynamic loading of the plantar 
aponeurosis in walking. Journal of Bone and Joint 
Surgery-American, 86(3), 546-552. 			 
DOI: 10.2106/00004623-200403000-00013

6.	 Cheung, J. T., Zhang, M., & An, K. N. (2006). Effect of 
Achilles tendon loading on plantar fascia tension in the 
standing foot. Clinical Biomechanics, 21(2), 194-203. 
DOI: 10.1016/j.clinbiomech.2005.09.016 

7.	 Hammer, W. I. (2008). The effect of mechanical load 
on degenerated soft tissue. Journal of Bodywork and 
Movement Therapies, 12(3), 246-256. 			 
DOI: 10.1016/j.jbmt.2008.03.007

8.	 Huerta, J. P., & García, J. M. A. (2007). Effect of gender, 
age and anthropometric variables on plan- tar fascia 
thickness at different locations in asymptomatic subjects. 
European Journal of Radiology, 62(3), 449-453. 		
DOI: 10.1016/j.ejrad.2007.01.002

9.	 PuttasWamaiah, R., & Chandran, P. (2007). Degenerative 
plantar fasciitis: A review of current concept. The foot, 
17(1), 3-9. 						    
DOI: https://doi.org/10.1016/j.foot.2006.07.005

10.	 Bolgla, L. A., & Malone, T. R. (2004). Plantar fasciitis 
and the windlass mechanism: A biome- chanical link to 
clinical practice. Journal of Athletic Training, 39(1), 77-
82.

11.	 Aquino, A., & Payne, C. (1999). Function of the plantar 
fascia. The foot, 9(2), 73-782. 				  
DOI: https://doi.org/10.1054/foot.1999.0520

12.	 Cheung, J. T., Zhang, M., An, K. N. (2004). Effects of 
plantar fascia stiffness on the biomechanical responses 
of the ankle-foot complex. Clinical Biomechanics, 19(8), 
839-846. DOI: 10.1016/j.clinbiomech.2004.06.002

13.	 La Porta, G. A., & La Fata, P. C. (2005). Pathologic 
conditions of the plantar fascia. Clin Podiatr Med Surg, 
22(1), 1-9. DOI: 10.1016/j.cpm.2004.08.001

14.	 Grinnell, F., (2008). Fibroblast mechanics in three-
dimensional collagen matrices. Journal of Body- work 
Movement. 12(3), 191-193. 				  
DOI: 10.1016/j.jbmt.2008.03.005

15.	 Langevin, H. M., & Huijing, P. A. (2009). Communication 
About Fascia: History, Pitfalls, and Recommendation. Int 
J Ther Massage Bodywork, 2(4), 3–8. 			 
DOI: 10.3822/ijtmb.v2i4.63



Volume 3 | Issue 1 | 5 of 5J Rhem ortho & sports sci; 2025 www.unisciencepub.com

16.	 Caravaggi, P., Pataky, T., Günther, M., Savage, R., & 
Crompton, R. (2010). Dynamics of longitudinal arch 
support in relation to walking speed: con- tributiFon of 
the plantar aponeurosis. Journal of Anatomy, 217(3), 254-
261. DOI: 10.1111/j.1469-7580.2010.01261.x

17.	 McNally, E. G., & Shetty, S. (2010). Plantar fascia: Imaging 
Diagnosis and Guided Treatment. Semin Musculoskeletal 
Radiol, 14(3), 334-343. DOI: 10.1055/s-0030-1254522

18.	 Dugan, S. A., & Bhat, K. P. (2005). Biomechanics and 
Analysis of Running Gait. Phys Med Rehabil Cli, 16(3), 
603-621. DOI: 10.1016/j.pmr.2005.02.007

19.	 Wright, D. G., & Rennels, D. C. (1964). A Study of the 
Elastic Properties of Plantar Fascia. Journal of Bone and 
Joint Surgery-American, 46(3), 482-492. https://journals.
lww.com/jbjsjournal/citation/1964/46030/a_study_of_
the_elastic_properties_of_plantar.2.aspx

20.	 Butler, R. J., Hillstrom, H., Song, J., Richards, C. J., & 
Davis, I. S. (2008). Arch height index measurement 
system establishment of Reliability and normative values. 
Journal of the American Podiatric Medical Association, 
98(2), DOI: https://doi.org/10.7547/0980102

21.	 Glasoe, W. M., Allen, M. K., & Ludewig, P. M. (2002). 
Measuring forefoot alignment with a table-mounted gonio- 
metric device. Australian Journal of Physiotherapy, 48(1), 
51-53. DOI: 10.1016/s0004-9514(14)60282-8

22.	 Akfirat, M., Sen, C., & Gunes, T. (2003). Ultrasonographic 
appearance of the plantar fasciitis. Clinical Imaging, 
27(5), 353-357. DOI: 10.1016/s0899-7071(02)00591-0

23.	 Gibbon, W. W., & Long, G. (1999). Ultrasound of the 
plantar aponeurosis (fascia). Skeletal radiol, 28(1), 21-6. 
DOI: 10.1007/s002560050467

24.	 Vohra, P. K., Kincaid, B. R., Japour, C. J., & Sobel, E. 
(2002). Ultrasonographic evaluation of plantar fascia 
bands. Journal of the American Podiatric Medical 
Assosiation, 92(8), 444-449. 				  
DOI: 10.7547/87507315-92-8-444

25.	 Williams, D. S., & McClay, I. S. (2000). Measurements 
used to characterized the foot and the medical longitudinal 
arch: Reliability and Validity. Journal of the American 
Physical Therapy Association. 80(9), 864-871. 		
DOI: https://doi.org/10.1093/ptj/80.9.864

26.	 Keijsers, N. L. W., Stolwijk, N. M., Nienhuis, B., & 
Duysens, J. (2009). A new method to normalize plantar 
pressure measurements for foot size and foot progression 
angle. Journal of Biomechanics, 42(1), 87-90. 		
DOI: 10.1016/j.jbiomech.2008.09.038

27.	 MacWilliams, B. A., & Cowley, M., & Nicholson, D. E. 
(2003).Foot Kinematics and kineticcs during adolescent 
gait. Gait Posture, 17(3), 214-224. 			 
DOI: 10.1016/s0966-6362(02)00103-0

28.	 Jenkyn, T. R., & Nicol, A. C. (2007). A multi-segment 
kinematic model of the foot with a novel definition of 
forefoot motion for use in clinical gait analysis during 
walking. Journal of biomechanics, 40(14), 3271-3278. 
DOI: 10.1016/j.jbiomech.2007.04.008

29.	 Benjamin, M., Kaiser, E., & Milz, S. (2008). Structure-
function relationships in tendons: a review. Journal of 
Anatomy, 212(3), 211-228. 				  
DOI: https://doi.org/10.1111/j.1469-7580.2008.00864.x

30.	 Benjamin, M., (2009).The fascia of the limbs and back - a 
review. Journal of Anatomy, 214(1), 1-18. 		
DOI: 10.1111/j.1469-7580.2008.01011.x

31.	 Chimutengwende-Gordon, M., O’Donnell, P., & Singh, 
D., (2010). Magneticresonance imaging in plantar heel 
pain. Foot and Ankle Int, 31(10), 865-70. 		
DOI: 10.3113/FAI.2010.0865

32.	 Craig, M. E., Duffin, A. C., Gallego, P. H., Lam, A., 
Cusumano, J., Hing, S., & Donaghue, K. C. (2008). Plantar 
fascia thickness, a measure of tissue glycation, predicts 
the devel- opment of complications in adolescents with 
type 1 diabetes. Diabetes Care, 31(6), 1201-1206. 	
DOI: 10.2337/dc07-2168

33.	 Golanó, P., Vega, J., de Leeuw, P. A., Malagelada, F., 
Manzanares, M. C., Götzens, V., & van Dijk, C. N. (2010). 
Anatomy of the ankle ligaments: a pictorial essay. Knee 
Surgery Sports Traumatology Arthroscopy, 18(5), 557-
569. DOI: 10.1007/s00167-010-1100-x

34.	 Moore, A. M., & DiGiovanni, B. F. (2010). A review of 
Current Treatments for Fasciitis, US Musculoskeletal 
Review, 5(1), 70-74.

35.	 McMillan, A. M. (2009). The architecture of the connective 
tissue in the musculoskeletal system-an often overlooked 
functional parameter as to proprioception in the locomotor 
apparatus. Int J Ther Massage Bodywork, 2(4), 9-23. 	
DOI: 10.3822/ijtmb.v2i4.62

36.	 Novacheck, T. F. (1998). The biomechanics of running. 
Gait posture, 7(1), 77-95. 				  
DOI: 10.1016/s0966-6362(97)00038-6

37.	 Ostlere, S. (2003). Imaging the ankle and foot. Imaging, 
15, 242-260.

38.	 Stratton, M., McPoil, T. G., Cornwall, M. W., & Patrick, 
K. (2009). Use of Low-Frequency Electrical Stimulation 
for the Treatment of Plantar Fasciitis. Journal of the 
American Podiatric Medical Association, 99(6), 481-488. 
DOI: 10.7547/0990481

39.	 Wearing, S. C., Smeathers, J. E., Sullivan, P. M., Yates, 
B., Urry, S. R., & Dubois, P. (2007). Plantar fasciitis: Are 
pain and fascial thickness associated with arch shape and 
loading? Physical Therapy, 87(8), 1002-1008. 		
DOI: 10.2522/ptj.20060136.

Copyright: ©2025 Dr. Sedegheh Malek Mohammadi. This is an open-access 
article distributed under the terms of the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original author and source are credited.


