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INTRODUCTION 
The plantar soft tissue is a multilayered structure 
consisting of skin, fat cells, and fascia (1). The plantar 
fascia begins at the anteromedial edge of the 
calcaneal tuberosity and ends at the base of the 
proximal phalanges (2). It provides mobility by 
transferring the tension produced from the foot 
muscles to the other structures and directs joint 
movements. Fascia is tightly attached to the 
underlying muscle tissue along its peripheral length 
(3). Changes in the mechanical structure of the fascia 
(e.g., stiffness) may limit muscular flexibility and joint 
movement (4). According to sonographic images, 
increased stiffness of the heel pad as a result of 

ageing is accompanied by increased plantar fascia 
thickness and decreased echogenicity (2, 5).  
Ultrasound elastography results confirmed that the 
plantar fascia thickened in the presence of pathology 
(6). The thickness of plantar fascia has been reported 
as higher in individuals above 45 years according to 
sonographic findings (2). Contrary to these reports, 
results of the sonoelastography study in healthy 
people above and below 50 years of age revealed 
that the plantar fascia softens with age (7). To sum 
up, there is no consensus on which diagnostic 
method should be used to examine the plantar fascia 
changes. Quantitative demonstration of the stiffness 
of the PF in addition to the thickening with ageing may 

ABSTRACT 
Purpose: The study aimed to examine plantar fascia stiffness in individuals over and under 65 years of 
age, and to question the predicted effect of age and vitamin D level on the dominant side plantar fascia 
stiffness. 
Material and Methods: Forty adults were included to the study. The participants were divided into two 
groups as equal or above 65 years and below 65 years. Plantar fascia stiffness was evaluated using a 
digital hand-held myotonometer. Data on vitamin D levels were extracted from medical records. 
Results: Plantar fascia stiffness was higher in the right (∆= 141.80±39.86 N/m, p=.001), and left foot 
(∆=116.85±38.45 N/m, p=.004), and in the dominant side (∆= 153.6±38.2 N/m, p<.001) in participants over 
65 years of age. Age had a significant positive predicted effect on plantar fascia stiffness (β=.595, R2= 
0.35, p<.001). Vitamin D level had a significant negative effect on plantar fascia stiffness (β=-.328, R2 
=.108, p=.03). 
Conclusion: The results of the research showed that plantar fascia stiffness was higher in individuals over 
65 years of age. The stiffness of PF is slightly decreased as the vitamin D level improved. 
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help to understand the change in the biomechanics of 
the foot more clearly. While plantar fascia thickness 
gives us information as an anatomical section, it may 
be valuable to examine the biomechanical property of 
stiffness responses. Due to being inexpensive, 
simple, and quick, myotonometer evaluation is 
considered appropriate to assess the stiffness of the 
plantar fascia. When the studies have done so far 
were examined, it was seen that the plantar fascia 
assessment with a myotonometer was performed in 
only seven studies (6, 8-13). No study examined the 
differentiation in plantar fascia stiffness with ageing 
using a myotonometer. 
Vitamin D takes part in many biological processes 
including immune system modulation, and its 
relationship with connective tissue is not yet clear 
(14). The importance of vitamin D in the 
musculoskeletal system is due to its role in calcium 
and bone metabolism (15). It increases the 
absorption of calcium, and positively affects bone 
mineralization and muscle function (16). In addition, 
vitamin D is a steroid hormone whose importance is 
known especially for the structure and functions of the 
musculoskeletal system (17). In adults aged 65 and 
over, the endogenous synthesis of vitamin D is 
reduced by 25% compared to young adults (18). 
Decreases in vitamin D levels trigger secondary 
hyperparathyroidism, leading to loss of bone mass 
and muscle strength (16). There is also evidence that 
low vitamin D levels are associated with sarcopenia 
(19). In the literature, the relationship between vitamin 
D deficiency and muscle dysfunction is thought to be 
based on the loss of vitamin D receptor functions, 
increased oxidative stress, and impaired 
mitochondrial function (20). The number of studies on 
the efficacy of vitamins directly in soft tissue is limited. 
While it is well known that vitamin C deficiency causes 
a decrease in the tensile strength of abnormal 
collagen fibers and fibrous tissues in connective 
tissue (21) however, no research has been conducted 
on vitamin D effect on plantar fascia stiffness yet.  
Ageing is the most common cause of vitamin D 
deficiency (18), biomechanical dysfunction of the foot 
(22), and thickened plantar fascia. However, to date, 
only limited information has been reported on the 
effects of vitamin D status on fascial tissue structure. 
Moreover, it is unclear whether ageing and vitamin D 
levels are associated with plantar fascia stiffness. On 
this basis, this research aimed to examine the effects 
of ageing and vitamin D levels on plantar fascia 
stiffness. 

MATERIAL AND METHODS 
This descriptive, cross-sectional study was carried 
out with 40 adults who were invited to the research 
laboratory by e-mail or telephone. This study was in 
agreement with the standards set by the Declaration 
of Helsinki and approved by Acıbadem Mehmet Ali 
Aydınlar University, Medical Research Review Board 
(ATADEK) (Date: 30.09.2022, Decision No: 
2022/15/15). All participants signed informed 
consent. The participants were divided into two 
groups as equal or above 65 years and below 65 
years. A comparison of plantar fascia stiffness by age 
was performed by dividing the participants into two 
groups, over age ≥ 65 years and underage < 65 
years. The dominant extremity was questioned and 
recorded with the individual feedback of the 
participants. Estimated effect analysis of age and 
vitamin D levels on the dominant side plantar fascia 
stiffness were performed with all participant data.  
 
Participants 
Individuals with a medical history other than 
hypertension were not invited to the study. The 
exclusion criteria were; i) history of peripheral 
vascular disease, ii) history of active plantar fasciitis, 
iii) existence of plantar fascial ulceration, low or high 
longitudinal arch, retrocalcaneal bursitis, Achilles 
tendinopathy, and skin lesions around the heel, iv) 
history of surgery or trauma around the heel, v) 
history of neuropathic or radicular pain, vi) existence 
of diabetes, vii) history of rheumatologic, neurological 
disease and neuroarthropathy, viii) existence of 
malignancy.  Individuals who were 18 years or older, 
had more than 10° ankle dorsiflexion and normal 
medial longitudinal arch height, had no pain around 
the heel, and had a vitamin D evaluation record within 
the last week were included in the study. 
Demographic and anthropometric information [height 
(cm), weight (kg), body mass index (kg/m2)], and the 
dominant side of the participants were recorded. Data 
on vitamin D levels were extracted from medical 
records of the blood tests performed a month before 
the assessments, of participants.  
  
Evaluation of Plantar Fascia Stiffness 
Plantar fascia stiffness was evaluated using a 
myotonometer (MyotonPRO, Myoton AS, Tallinn, 
Estonia). An external force is sent from the probe of 
the myotonometer to the tissue to be examined 
(muscle body, muscle-tendon junction, fascia, 
tendon, skin, etc.). This mechanical impulse creates 
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an elastic deformation in the tissue. Pressure 
changes occurring between the inner probe and the 
outer plexiglass frame during measurement are 
detected by computer-connected customized 
transducers (12). The oscillations are recorded with 
the frictionless and sensitive accelerometer sensors 
located at the other end of the probe. Tissue stiffness 
can be determined in this way. Stiffness [N/m], is a 
biomechanical property and is defined as the 
resistance to external forces that will cause the 
examined tissue to change its shape. Stiffness is 
stated to be the opposite of compliance. Detailed 
information can be found in the user guide of the 
device (23) and the video at the link 
(https://www.youtube.com/watch?v=PwAB84JLVwg) 
The use of a myotonometer is reliable in the 
evaluation of plantar fascia stiffness (8). However, 
measurements can be affected by different ankle 
positions (9). A study showed that physical activity 
causes an increase in the thickness of the distal part 
of the plantar fascia and that the proximal part is not 
affected by the level of physical activity (24). As a 
result of this information, positioning was 
standardized before measurements. The participants 
were asked to lie prone, the hip and ankle joints were 
positioned in neutral (0ᵒ) and the knee was in 
extension. A prior to the evaluation, the information 
related to the participants and the pattern were 
entered. All measurements were performed 
bilaterally and three times in the resting position and 
the data were recorded in the MyotonPRO software. 
The device was programmed to take 5 pressure-
displacement measurements (every 5 beats, the 
duration of 1 pulse is 15 ms and the interval between 
beats was 8 ms) per recording prior to administration. 
Three measurements were taken from the reference 
point  (25) where the calcaneal distal anterior corner 
and the inner corner of the medial longitudinal arch 
meet for the borderline between the first and second 
metatarsal bones (9) and the proximal beginning of 
the plantar fascia (8), and the average of the 
measurements was recorded. When the red light on 
the plexiglass frame of the device probe turned green, 
the practitioner stopped the pressure application 
perpendicular to the relevant tissue and waited until 5 
strokes were performed. After each application, the 
acceleration graph was examined and the 
measurements were repeated if there were any 
deviations from the normal. Recordings were 
reloaded into the software and reported for each 
participant. Care was taken not to move the device 

during the application and to maintain its correct 
position. All the evaluations were performed at neutral 
room temperature and at the same time of day.  
 
Statistical Analysis 
Data analysis was performed with the Statistical 
Package for Social Science (SPSS) program, version 
25 (IBM Inc., Chicago, IL, USA). In descriptive data, 
the continuous numerical variables were presented 
as mean±SD and categorical variables were 
presented as frequency. To determine whether the 
parameters were normally distributed skewness and 
kurtosis (-1.5 and +1.5) were used (26). The Chi-
square test was used to analyze differences in 
nominal and categorical data by groups. The 
Independent Sample t-Test was used in the analysis 
of the differences between the groups since the 
parameters were normally distributed (27). Linear 
Regression Model was used to examine the effect of 
age and vitamin D levels on dominant side plantar 
fascia stiffness. Before the regression analyses, 
linear relationship, cook’s distance, normal 
distribution, homoscedasticity checks, and correlation 
level analyzes were performed (27). The two 
hypotheses were developed to examine the 
relationship between age, D vitamin levels, and 
plantar fascia stiffness. First, the study claims that 
there will be a positive relationship between age, and 
plantar fascia stiffness (H1: Age affects the plantar 
fascia stiffness level). Second, a lower level of D 
vitamin will increase the plantar fascia stiffness (H2: 
The vitamin D levels affect the plantar fascia stiffness 
level). Statistical significance was deemed to be a p-
value of <.05.  
In power analysis with the G*Power software (version 
3.1.9.2), the t-test confirmed that our sample size was 
sufficient in the model of differences (effect size=.95, 
p=.05, n1/n2=1, and n=20) between two independent 
means (greater than 1−β= 0.95) (28).  
 
RESULTS 
The baseline characteristics of the participants are 
shown in Table 1. Forty individuals with a mean age 
of 55.4±12.4 years were included in the present 
study. While the mean age was 66.3±1.6 years in 
Group 1, which included participants aged 65 and 
over, in Group 2, which included participants aged 65 
and under, the mean age was 44.5±8.0 years. 75% 
(n=30) of the participants were female and the gender 
distribution in both groups was equal. Each group 
included 5 men and 15 women. 35 of the participants 
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(87.5%) had right-side dominance. Of 5 people with 
left dominance (12.5%), two were in Group 1 (10%)  
and three were in Group 2 (15%). The mean BMI of 
all participants was 28.2±5.4 kg/m2, the mean of 
Group 1 was 29.7±3.5 kg/m2, and the mean of Group 
2 was 26.7±6.5 kg/m2 (p = .08). The mean level of 
vitamin D was found to be 38.6±25.7 ng/mL in all 
participants. In Group 1 this means was 31.2±18.9 
ng/mL and 46.0±29.7 ng/mL (p = .07) in Group 2. 

The plantar fascia stiffness differences according to 
the age groups of the participants are shown in Table 
1. The right (mean difference = 141.8±39.9 N/m, p = 
.001) and left foot (mean difference = 116.9±38.5 
N/m, p = .004) plantar fascia stiffness was higher in 
the group over 65 years of age. While the mean 
plantar fascia stiffness of the dominant side was 
577.3±142.6 N/m in all participants, it was 
654.2±113.7 N/m in Group 1 and 500.5±128.1 N/m in 
Group 2 (mean difference = 153.6±38.2 N/m, 

 
Table 1. Characteristics and clinical features of participants 
 

 Total Group 1 
age ≥ 65 years 

Group 2 
age < 65 years 
 

Female Gender n (%)   30 (75%) 15 (75%) 15 (75%) 

Left Side Dominance n (%) 5 (12.5%) 2 (10%) 3 (15%) 

Age (year)                              mean±SD  
                                               (min-max) 

55.4±12.4 
(31-70) 

66.3±1.6 
(65-70) 

44.5±8.0 
(31-58) 

Vitamin D (ng/mL)                  mean±SD  
                                               (min-max) 

38.6±25.7 
(4.70 – 108.1) 

31.2±18.9 
(14.0 – 88.4) 

46.0±29.7 
(4.7-108.1) 

Presence of Hypertension n (%)        17 (42.5%) 14 (70%) 3 (15%) 

Plantar Fascia Stiffness (N/m) Groups Mean±SD p 95 CI% 

Right Plantar Fascia Stifness Age ≥ 65 Years 654.5±114.9    

 Age < 65 Years 512.7±136.3    

 Mean Difference 141.8±39.9 .001 61.1 to 222.5 

Left Plantar Fascia Stifness Age ≥ 65 Years 636.5±103.2    

 Age < 65 Years 519.7±137.5    

 Mean Difference 116.8±38.4 .004 39.0 to 194.7 

Dominant Side Plantar Fascia Stifness Age ≥ 65 Years 654.2±113.7    

 Age < 65 Years 500.5±128.1    

 Mean Difference 153.6±38.2 <.001 76.1 to 231.1 

Dominant Side Plantar Fascia Stifness Male 583.8±151.42    

 Female 557.9±117.1    

 Mean Difference 25.90±52.5 .625 -80.5 to 132.3 
p<.05 significance level. p repesents significance level of T-test. SD: Standard Deviation. N/m: Newton/meter. ng/mL refers to 
nanograms/millilitre. 
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p<.001). No statistically significant difference was 
observed in dominant side plantar fascia stiffness in 
all participants (583.8±151.42 N/m vs 557.9±117.1 
N/m) and groups (661.2±125.2 N/m vs 633.0±75.9 
N/m in Group 1 and 506.4±137.7 N/m vs 482.8±104.8 
N/m in Group 2) according to gender (p>.05). 
The hypothesis results are represented in Table 2. In 
a significant regression model (F(1, 38)=20.85, 
p <.001), 35% of the variance (R2= .35)  in dominant 
side plantar fascia stiffness was explained by the age 
variable. Accordingly, the age variable predicts the 
dominant side plantar fascia stiffness positively and 
significantly (β=.595, t(38)= 4.56). The model for 
vitamin D level (F(1, 38)=4.58, p = .03) was also 
significant. 10.8% of the variance (R2= .108) in 
dominant side plantar fascia stiffness was explained 
by the vitamin D variable. Accordingly, the vitamin D 
variable predicted dominant side plantar fascia 
stiffness negatively and significantly (β=-.328, t(38)= 
- 2.14). 
 
DISCUSSION 
This study aimed to investigate the effects of age and 
the level of vitamin D on plantar fascia stiffness. Both 
hypotheses were confirmed by the findings of the 
present study. One of our hypotheses was that 
increasing age would have resulted in higher stiffness 
of the plantar fascia. In line with our hypotheses, 
individuals above 65 years had a higher level of 
stiffness compared to middle-aged individuals and 
age had an interaction with plantar fascia stiffness. 
Our second hypothesis was related to vitamin D 
concentration which was confirmed by showing the 

association between improved vitamin D 
concentration and decreased plantar fascia stiffness.  
Studies using myotonometer have reported that 
plantar fascia stiffness as average of 446.4 N/m 
(mean age: 27.8±5.1 years) (13), 476.0 N/m (mean 
age: 28.95±2.8) (10), 511.7 N/m and 533.2 N/m 
(mean age: 35.53±15.0 years) (11) in healthy 
individuals. In this research, plantar fascia stiffness 
ranged from 500.5 N/m to 519.7 N/m in the group 
under 65 years of age (mean age: 44.5±8.0 years), 
and between 654.5 N/m and 636.5 N/m in the group 
65 years and older (mean age: 66.3±1.6 years). The 
number of studies examining plantar fascia stiffness 
with different evaluation methods under the effect of 
age variable is limited (2, 5, 7, 22). It can be said that, 
unlike the sonoelastography results (7) the linear 
increase of the plantar fascia stiffness, which was 
previously shown in sonographic images (2, 5) was 
demonstrated once again in our research results with 
the myotonometer evaluation of the linear increase 
with age. In this direction, our findings may support 
the hypothesis that plantar fascia stiffness increases 
with ageing. Advancing age also results in altered 
plantar pressure distribution by increasing pressure 
and force variables (29). Differentiated pressure 
distribution of the plantar surface, such as increased 
contact area and the maximum force causes higher 
stiffness of the plantar fascia (30). Also, age itself 
leads to an alteration in muscle stiffness (31), our 
results are in line with the above-mentioned literature 
and older adults had higher stiffness values than 
middle-aged individuals. Advancing age predicts a 
35% increase in plantar fascia stiffness. Therefore, 

Table 2. Age and vitamin D predicted effect on the dominant side plantar fascia stiffness 
 

H1: Ageing affects the dominant side plantar fascia stiffness level   

Dominant Side Plantar Fascia Stiffness 

 B Std. Error Beta 
coefficient 

t R2 df F p¶ 

Age (year) 6.85 1.5 .595 4.56 .354 1, 38 20.85 <.001 

 
H2: Vitamin D levels affect the dominant side plantar fascia stiffness level 
 

  

Dominant Side Plantar Fascia Stiffness 

 B Std. Error Beta 
coefficient 

t R2 df F p¶ 

Vitamin D (ng/mL) -1.82 .85 -.328 -2.14 .108 1, 38 4.58 .039 

p¶: Linear Regression Model.  Std. Error: Standard Error. N/m: Newton/meter. ng/mL refers to nanograms/millilitre. 
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we can propose that ageing has an undeniable effect 
on the stiffness of plantar fascia.  
Cheng et al. showed that PF thickness was higher in 
males than females by sonographic examination in 28 
healthy individuals (14 females, aged: 20-79 years) 
(5). Similarly, Taş et al., reported that the thickness of 
the plantar fascia was higher in males than females 
by ultrasonography in 60 healthy sedentary 
individuals (30 females, aged: 19-50 years) (32). 
However, in our research results, no difference was 
observed in myotonometer results at the plantar 
fascia stiffness level by gender. The reason for these 
results may be related to the fact that the 
differentiation by gender cannot be evaluated with 
myotonometer as much as sonography and 
ultrasound, or due to the majority (75%) of male 
participants in this study. The effect of gender in the 
plantar fascia stiffness evaluation with a 
myotonometer should be examined in research 
setting that includes equal numbers of male and 
female participants. 
Low vitamin D level was observed in individuals with 
calcaneal spurs (33). In our study, the stiffness of PF 
was negatively predicted by the vitamin D level of 
10.8%. A striking finding of our study is that vitamin D 
influences the mechanical structures of PF. 
Moreover, a study reported that an increase in 
transforming growth factor-beta (TGF-β) because of 
vitamin D deficiency, leads to myofibroblast 
differentiation by enhancing mitochondrial reactive 
oxygen species production in patients with 
Dupuytren's contracture (34). TGF-β is also involved 
in palmar and plantar fibromatosis (35) and Vitamin D 
deficiency leads to up-regulation of TGF-β in serum 
(34). This information suggests that with the indirect 
TGF-B effect, vitamin D may play an important role in 
maintaining a well-balanced facial tissue 
microenvironment. Based on these findings, the 
effects of vitamin D concentration on plantar fascia 
tissue should be investigated with a longitudinal 
design. We can say that the strengths of this study 
are (i) examining the interaction of vitamin D and PF 
alone for the first time and (ii) investigating the effect 
of both age and vitamin D on plantar fascia at the 
same time. 
The main limitation of this study is that we did not 
examine the plantar pressure distribution. Further 
studies may include an assessment of plantar 
pressure distribution and question its possible 
association with the stiffness of plantar fascia. Also, 
more research is needed including the examination of 

the effects of calcium metabolism, lipid levels, and 
hormonal alterations on plantar fascia stiffness. In 
addition, given the limitation of myotonometer use in 
the evaluation of tissues located below other tissue 
layers, it is likely to record better results in further 
studies using a combination of sonoelastrography, 
ultrasound, sonography, and myotonometer for 
changes in plantar fascia stiffness. Another limitation 
is that we do not have the opportunity to evaluate the 
subcutaneous fat thickness on the sole of the foot. 
Further studies could perform subcutaneous fat 
thickness for plantar fascia evaluations. 
 
CONCLUSION 
In conclusion, the results of this study suggest that 
plantar fascia stiffness increases with ageing and is 
also slightly affected by vitamin D levels. 
Interventions to reduce plantar fascia stiffness can be 
included in primary prevention to prevent the adverse 
effects of ageing on foot health. The effect of vitamin 
D supplements on plantar fascia stiffness should be 
examined in further studies. 
 
Acknowledgement: We would like to express our thanks to all 
volunteers, for their great contribution to this present study. 
Author contributions: Conception: TÇS, ÖÖ, İK. Supervision: 
TÇS, ÖÖ. Fundings: TÇS. Materials: TÇS. Data collection and 
processing: TÇS, İK. Analysis: TÇS. Literature review: TÇS, ÖÖ, 
İK. Writing: İK. Critical Review: TÇS, ÖÖ, İK. 
Conflict of interests: None. 
Ethical approval: The study was approved by Acıbadem Mehmet 
Ali Aydınlar University, Medical Research Review Board 
(ATADEK) (Date: 30.09.2022, Decision No: 2022/15/15). 
Funding This work was supported by the Scientific Research 
Projects Unit of Bitlis Eren University under Grant BEBAP 2021.07. 
Peer-review: Externally peer-reviewed. 
 
REFERENCES  
1. Teoh JC, Shim V, Lee T. Quantification of plantar 

soft tissue changes due to aging in various 
metatarsophalangeal joint angles with realistic 
tissue deformation. J Biomech 
2014;47(12):3043-9. 

2. Jha DK, Wongkaewpotong J, Chuckpaiwong B. 
Effect of age and BMI on sonographic findings of 
plantar fascia. J Foot Ankle Surg 2022;62(1):125-
128. 

3. Yucesoy CA. Epimuscular myofascial force 
transmission implies novel principles for 
muscular mechanics. Exerc Sport Sci Rev 
2010;38(3):128-34. 

4. Wilke J, Macchi V, De Caro R, Stecco C. Fascia 
thickness, aging and flexibility: is there an 
association? J Anat 2019;234(1):43-9. 

770 



J Basic Clin Health Sci 2023; 7: 765-772          Cevik-Saldiran T et al. PF stiffness with ageing 

  

5. Cheng J-W, Tsai W-C, Yu T-Y. Gender-related 
effect of aging on the sonographic appearance of 
plantar fascia. J Musculoskelet Pain 
2014;22(1):33-7.   

6. Zheng Y, Choi Y, Wong K, Chan S, Mak A. 
Biomechanical assessment of plantar foot tissue 
in diabetic patients using an ultrasound 
indentation system. Ultrasound Med Biol 
2000;26(3):451-6. 

7. Wu C-H, Chang K-V, Mio S, Chen W-S, Wang T-
G. Sonoelastography of the plantar fascia. 
Radiology 2011;259(2):502-7. 

8. Banerjee SS, Sreeramgiri LL, Hariram S, 
Ananthan S, Swaminathan R. A Method to 
Analyze Plantar Stiffness Variation in Diabetes 
Using Myotonometric Measurements. J Med 
Device 2020;14(1):011105. 

9. Huang J, Qin K, Tang C, Zhu Y, Klein CS, Zhang 
Z, et al. Assessment of passive stiffness of medial 
and lateral heads of gastrocnemius muscle, 
Achilles tendon, and plantar fascia at different 
ankle and knee positions using the MyotonPRO. 
Med Sci Monit 2018;24:7570. 

10. Muckelt PE, Warner MB, Cheliotis-James T, 
Muckelt R, Hastermann M, Schoenrock B, et al. 
Protocol and reference values for minimal 
detectable change of MyotonPRO and ultrasound 
imaging measurements of muscle and 
subcutaneous tissue. Sci Rep 2022;12(1):1-11.  

11. Orner S, Kratzer W, Schmidberger J, Grüner B. 
Quantitative tissue parameters of Achilles tendon 
and plantar fascia in healthy subjects using a 
handheld myotonometer. J Bodyw Mov Ther 
2018;22(1):105-11.  

12. Peipsi A, Kerpe R, Jäger H, Soeder S, Gordon C, 
Schleip R. Myoton pro: a novel tool for the 
assessment of mechanical properties of fascial 
tissues. J Bodyw Mov Ther 2012;16(4):527. 

13. Sakalauskaitė R, Satkunskienė D. The foot arch 
and viscoelastic properties of plantar fascia and 
Achilles tendon. J Vibroeng 2012;14(4):1751-9.  

14. Berardi S, Giardullo L, Corrado A, Cantatore FP. 
Vitamin D and connective tissue diseases. 
Inflamm Res 2020;69(5):453-62.  

15. Pérez-López FR, Chedraui P, Fernández-Alonso 
AM. Vitamin D and aging: beyond calcium and 
bone metabolism. Maturitas 2011;69(1):27-36. 

16. Mendes MM, Botelho PB, Ribeiro H. Vitamin D 
and musculoskeletal health: outstanding aspects 
to be considered for the current evidence. Endocr 
Connect 2022:11(10):e210596. 

17. Ata AM, Kara M, Kara Ö, Kaymak B, Akıncı A, 
Özçakar L. Ultrasonographic measurements of 
the skin, fat and muscle in vitamin D deficiency. 
Int J Clin Pract 2020;74(6):e13494. 

18. Hill TR, Granic A, Aspray TJ. Vitamin D and 
ageing. Biochemistry and cell biology of ageing: 
Part I Biomedical Science 2018:191-220. 

19. Hirani V, Cumming RG, Naganathan V, Blyth F, 
Le Couteur DG, Hsu B, et al. Longitudinal 
associations between vitamin D metabolites and 
sarcopenia in older Australian men: the Concord 
Health and Aging in Men Project. J Gerontol A 
Biol Sci 2018;73(1):131-8. 

20. Dzik KP, Kaczor JJ. Mechanisms of vitamin D on 
skeletal muscle function: oxidative stress, energy 
metabolism and anabolic state. Eur J Appl 
Physiol 2019;119(4):825-39.  

21. Iqbal K, Khan A, Khattak M. Biological 
significance of ascorbic acid (vitamin C) in human 
health-a review. Pak J Nutr 2004;3(1):5-13.  

22. Menz HB. Biomechanics of the ageing foot and 
ankle: a mini-review. Gerontology 
2015;61(4):381-8. 

23. MyotonPRO Digital Palpation Device USER 
MANUAL. Revision 23, Published 18 October 
2022. Accessed October 19, 2022. Available 
from: URL: 
https://www.myoton.com/UserFiles/Updates/Myo
tonPRO_User_Manual.pdf. 

24. Uzel M, Cetinus E, Ekerbicer HC, Karaoguz A. 
Heel pad thickness and athletic activity in healthy 
young adults: a sonographic study. J Clin 
Ultrasound 2006;34(5):231-6. 

25. Chang T-T, Li Z, Zhu YC, Wang X-Q, Zhang Z-J. 
Effects of self-myofascial release using a foam 
roller on the stiffness of the gastrocnemius-
Achilles tendon complex and ankle dorsiflexion 
range of motion. Front. Physiol 2021:1460. 

26. Mishra P, Pandey CM, Singh U, Gupta A, Sahu 
C, Keshri A. Descriptive statistics and normality 
tests for statistical data. Ann Card Anaesth 
2019;22(1):67.  

27. George D, Mallery P. IBM SPSS statistics 26 step 
by step: A simple guide and reference: 
Routledge; 2019. 

28. Faul F, Erdfelder E, Lang A-G, Buchner A. G* 
Power 3: A flexible statistical power analysis 
program for the social, behavioral, and 
biomedical sciences. Behav Res Method 
2007;39(2):175-91.  

771 



J Basic Clin Health Sci 2023; 7: 765-772          Cevik-Saldiran T et al. PF stiffness with ageing 

  

29. McKay MJ, Baldwin JN, Ferreira P, Simic M, 
Vanicek N, Wojciechowski E, et al. 
Spatiotemporal and plantar pressure patterns of 
1000 healthy individuals aged 3–101 years. Gait 
Posture 2017;58:78-87. 

30. Taş S, Çetin A. An investigation of the 
relationship between plantar pressure distribution 
and the morphologic and mechanic properties of 
the intrinsic foot muscles and plantar fascia. Gait 
Posture 2019;72:217-21. 

31. Eby SF, Cloud BA, Brandenburg JE, Giambini H, 
Song P, Chen S, et al. Shear wave elastography 
of passive skeletal muscle stiffness: influences of 
sex and age throughout adulthood. Clin Biomech 
2015;30(1):22-7. 

32. Taş S. Effect of gender on mechanical properties 
of the plantar fascia and heel fat pad. Foot & 
Ankle Specialist 2018;11(5):403-9.  

33. Adanaş C, Özkan S, Alp HH. The levels of 25-
hydroxy vitamin D, parathyroid hormone, 
calcitonin and lipid profiles in patients with 
calcaneal spur. Turk J Phys Med Rehabil 
2022;68(1).  

34. Seyhan H, Stromps J-P, Demir E, Fuchs PC, 
Kopp J. Vitamin D deficiency may stimulate 
fibroblasts in Dupuytren’s disease via 
mitochondrial increased reactive oxygen species 
through upregulating transforming growth factor-
β1. Med. Hypotheses. 2018;116:40-1. 

35. Zamora RL, Heights R, Kraemer BA, Erlich HP, 
Groner JP. Presence of growth factors in palmar 
and plantar fibromatoses. J Hand Surg 
1994;19(3):435-41. 

772 


