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ÖZET

AMAÇ: Çalışmamızda plantar fasya kalınlığı ile ayak morfomet-
rik değerleri ve Aşil tendonu kalınlığı arasındaki ilişkinin ince-
lenmesi amaçlandı. 

GEREÇ VE YÖNTEM: Araştırma, aktif düzenli spor yapmayan 
genç gönüllüler üzerinde gerçekleştirildi. Toplamda 64 ayak-
ta (17 erkek, 15 kadın) morfometrik ölçümler yapıldı. Ultrason 
görüntüsündeki plantar fasyanın kalınlığı ölçüldü. Ayak morfo-
metrik değişkenleri olarak ayak uzunluğu, ayak genişliği, topuk 
genişliği ve ayak bileği çevresi kullanıldı. 

BULGULAR: Genç sağlıklı erkek bireylerin %14,7'sinde plantar 
fasya kalınlığının 4 mm'den fazla olduğu belirlendi. Genç kadın 
bireylerin tamamında plantar fasya kalınlığının 3,6 mm'den kü-
çük olduğu görüldü. Erkeklerde plantar fasya kalınlığı ile ayak 
uzunluğu ve ayak bileği çevresi uzunluğu arasında orta derece-
de pozitif korelasyon olduğu görüldü (p<0,05). Ancak plantar 
fasya kalınlığı ile ayak genişliği arasında herhangi bir korelas-
yonun olmaması dikkat çekiciydi. Tüm katılımcılar bir arada de-
ğerlendirildiğinde plantar fasya kalınlığı ile ayak uzunluğu, ayak 
bileği çevresi ve Aşil tendonu kalınlığı arasında orta düzeyde 
pozitif korelasyon bulunurken, ayak genişliği ve topuk çapı ile 
zayıf korelasyon bulundu (p<0,001). 

SONUÇ: Farklı ırk ve coğrafi koşullara bağlı olarak ayak mor-
fometrisi ve plantar fasya verilerinin literatüre eklenmesi ana-
tomistlere ve antropologlara gerekli karşılaştırmaları yapma 
olanağı sağlamaktadır. Plantar fasiit tanısını desteklemek için 
kabul edilen “plantar fasya kalınlığının 4 mm'den büyük olması” 
hem erkekler hem de kadınlar için ayrı ayrı gözden geçirilmeli 
ve tartışılmalıdır.
 
ANAHTAR KELİMELER: Plantar fasya, Aşil tendonu, Ayak, Mor-
foloji. 

ABSTRACT

OBJECTIVE: In our study, it was aimed to examine the relations-
hip among plantar fascia thickness, foot morphometric values, 
and Achilles tendon thickness.

MATERIAL AND METHODS: The study was carried out on 
young volunteers who did not engage in any active regular 
sports. In total, morphometric measurements were performed 
on 64 feet (17 men, 15 women). The thickness of the plantar 
fascia on the ultrasound image was measured. Foot length, foot 
width, heel width, and ankle circumference were used as foot 
morphometric variables.

RESULTS: It was determined that the plantar fascia thickness 
was greater than 4 mm in 14.7% of young healthy male indi-
viduals. The plantar fascia thickness was found to be less than 
3.6 mm in all young female individuals. In men, plantar fascia 
thickness was found to be moderately positively correlated 
with foot length and ankle circumference (p<0.05). However, it 
was interesting that there was no correlation between plantar 
fascia thickness and foot width. When all the participants were 
evaluated together, a moderate positive correlation was found 
between plantar fascia thickness and foot length, ankle circum-
ference, and Achilles tendon thickness, while a weak correlation 
was found with foot width and heel diameter (p<0.001).

CONCLUSIONS: The addition of foot morphometry and plan-
tar fascia data to the literature, depending on different racial 
and geographical conditions, allows anatomists and anthropo-
logists to make necessary comparisons. To support the diagno-
sis of plantar fasciitis, the accepted “plantar fascia thickness gre-
ater than 4 mm” should be reviewed and discussed separately 
for both men and women.
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INTRODUCTION

The plantar fascia is an important structure that 
provides support to the arch of the foot (1). Whi-
le it provides active support to the arch of the 
foot during the progression phase of gait, it also 
passively prevents the deformation of the foot 
(2). Studies show the strong contribution of the 
plantar fascia to the stability of the foot (3 - 5). It 
has been observed that people who underwent 
plantar fasciotomy had a collapse in the arch of 
their feet and an increase in the tensile strength 
of the ligaments of the sole of the foot (6, 7).

There is a positive relationship between plantar 
fascia tension and the load transferred from the 
Achilles tendon to the sole of the foot. (8, 9). The 
relationship between the plantar fascia and the 
Achilles tendon is important for the stability of 
the foot arch and the resistance of the sole of the 
foot to the load carried (7, 10). Plantar fascia inf-
lammation is one of the most common foot ail-
ments. It is a condition that manifests itself with 
chronic heel pain. Ultrasound is important in the 
diagnostic approach. One of the most common 
evaluations for plantar fasciitis in cases presen-
ting with heel pain is to look at the plantar fas-
cia thickness on USG. There are several studies 
in the literature evaluating the relationship 
between foot morphometry and Achilles ten-
don thickness (11). However, there was no deta-
iled study examining the relationship between 
plantar fascia thickness and foot morphometry.
In our study, we aimed to examine the possib-
le relationship between plantar fascia thick-
ness, foot morphometry, and Achilles tendon 
thickness in asymptomatic healthy individuals.

MATERIALS AND METHODS

The study was carried out on 32 healthy and 
young volunteers aged between 18-22, in 64 
feet (17 men, 15 women) in total. The purpose 
of the study was verbally explained to all indivi-
duals participating in the study and the "infor-
med voluntary consent form" was asked to sign. 
Those with heel pain, inflammatory joint disea-
se, a history of previous foot surgery, or sensory 
nerve disease were not included in this study.  
In addition, people who were actively involved 
in sports such as football, basketball, athletics, 
and volleyball were excluded from the study. All 

measurements were repeated three times by a 
single researcher. Foot length, foot width, heel 
diameter, and ankle circumference measure-
ments were taken from both feet of the subjects 
as morphometric variables. Morphometric me-
asurements were carried out in the Anatomy La-
boratory of Uşak University Faculty of Medicine. 

Ultrasound Scanning Technique

The volunteers were placed on the examination 
table in the prone position. Plantar fascia thick-
ness and Achilles tendon thickness measure-
ments were performed by a medical doctor of phy-
sical therapy  (with  an anatomist), (Figure 1 - 2). 

Figure1: Plantar fascia thickness measurement

Figure 2: Achilles tendon thickness measurement

Measurements were made on the right and left 
feet of all volunteers. Standard ultrasound gel 
and a linear 10 megahertz probe (MINDRAY DC-8 
EXP Mindray DS USA, Inc.) were used for measu-
rements. Plantar fascia thickness was measured 
at the 5 mm distal from medial calcaneal tu-
bercle. The Achilles tendon was measured from 
the inferior border of the malleus medialis. At 
the beginning of the measurement process, the 
probe was placed perpendicular to the long axis 
of the Achilles tendon and the antero-posterior 
thickness was measured in the axial plane. In-
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dividuals with any pathological condition such 
as bursitis, calcification, or plantar fasciitis were 
excluded from the study. The ultrasonographic 
evaluation was carried out at the Uşak Univer-
sity Faculty of Medicine FTR outpatient clinic.

Ethical Committee

Approval for the study was granted by the 
Non-Invasive Clinical Research Ethics Commit-
tee of the Uşak University Faculty of Medicine 
(date/number: July 18, 2018/83-05). The infor-
med consent was obtained from the volunteers 
before starting the study.

Statistical Analysis 

Microsoft Office 2016 and IBM SPSS versi-
on 20 software (IBM Corp., Armonk, NY, USA) 
were used for the statistical analysis. The con-
formity of the data to the normal distribution 
was tested with the Kolmogorow-Smirnov 
test. Pearson correlation analysis was used for 
the correlation between foot morphometric 
measurements and Achilles tendon thickness 
and plantar fascia thickness. The indepen-
dent sample T test was used for the differen-
ces between the parties and the genders (12).

RESULTS

The mean (std) values of morphometric variab-
les, plantar fascia thickness, and Achilles ten-
don thickness for both feet are given in Table 
1. There was a significant difference between 
the sexes in terms of all measured variables ex-
cept the plantar fascia and Achilles tendon thi-
ckness of the left side (p<0.05) (Table 1). On the 
contrary, the differences between the values of 
the right and left sides were not significant in 
terms of all variables in both genders Table 1.
Table 1: Mean (std) values of the right and left foot variables of 
the groups

Plantar fascia thickness was positively correla-
ted with foot length and ankle circumference 
in men (p=0.004; p<0.001). Contrary to expe-
ctations, no correlation was found between 
foot width and heel width, and plantar fascia 
thickness. Unlike men, there was no correlati-
on between foot morphometric variables and 
plantar fascia thickness in women (Table 2).
Table 2: Correlation analysis of the plantar fascia thickness

Achilles tendon thickness correlated with the 
foot width and ankle circumference variables in 
men (p<0.001; p=0.008). However, it does not 
show any correlation with foot length. Achilles 
tendon thickness correlated only with the foot 
width in women (p=0.002) (Table 3). When all 
individuals were evaluated in total, a moderate 
positive correlation was found between Achilles 
tendon thickness and plantar fascia thickness, 
and foot morphometric variables (Table 2 - 3).
Table 3: Correlation analysis of the Achilles tendon thickness

DISCUSSION

Plantar fascia thickness can be affected by many 
factors and these factors can cause difficulties 
in clinical interpretation. One of the most im-
portant questions that may come to mind is 
whether gender and foot morphometric values 
have an effect on plantar fascia thickness. The-
re is an insufficiency in the literature regarding 
studies evaluating plantar fascia thickness with 
foot morphometry. In our study, it was found 
that plantar fascia thickness showed a mode-
rate positive correlation with both foot len-

    Men Women p Total 

    Mean (Std) Mean (Std)  Mean (Std) 

  Foot_ Lenght 26.56 (1.49) 23.61 (1.01) * 25.18 (1.96) 

  Foot_ Width 10.37 (0.69) 8.85 (0.51) * 9.66 (0.98) 

Right foot  Heel_Diameter 6.7 (0.81) 5.72 (0.43) * 6.24 (0.82) 

  Ankle_Circumference 24.27 (1.47) 21.65 (1.46) * 23 (1.96) 

  Plantar_ Fascia_Thickness 0.33 (0.74) 0.28     (0.38) * 0.31 (0.65) 

  Achilles_Tendon_Thickness 0.48 (0.90) 0.4 (0.57) * 0.44 (0.86) 

  Foot_ lenght 25.18 (1.63) 26.58 (0.91) * 23.58 (2.01) 

  Foot_ Width 9.53 (0.74) 10.26 (0.60) * 8.71 (1.02) 

Left Foot  Heel_Diameter 6.81 (0.77) 5.65 (0.45) * 6.27 (0.86) 

  Ankle_Circumference 22.83 (1.38) 24.11 (1.44) * 21.47 (1.93) 

  Plantar_ Fascia_Thickness 0.32 (0.06) 0.29 (0.47)  0.31 (0.56) 

  Achilles_Tendon_Thickness 0.46 (0.75) 0.42 (0.63)  0.44 (0.71) 
 

*p < 0.05 represents only the differences between the sexes. Also there was no statistically significant difference 

between the right and left side variables. 

 
 
 
 
 

Gender 
  

Foot 
lenght 

Foot 
width 

Heel 
Diameter 

Ankle 
Circumference 

Achilles Tendon 
Thickness 

  

Plantar Fascia 
Thickness  

r .486** .254 .111 .664** .463** 

Men p .004 .147 .532 .000 .006 

  n 34 34 34 32 34 

 
r .169 .037 .109 .174 .261 

Women p .373 .847 .568 .357 .164 

 
n 30 30 30 30 30 

  r .523** .393** .313* .553** .489** 

Total p .000 .001 .012 .000 .000 

  n 64 64 64 62 64 

** Correlation is significant at the 0.01 level (2-tailed). 

* Correlation is significant at the 0.05 level (2-tailed). 

 

Gender 
  

Foot 
lenght 

Foot 
width 

Heel 
Diameter 

Ankle 
Circumference 

Plantar Fascia 
Thickness  

  

Achilles Tendon 
Thickness 

r .133 .568** .128 .462** .463** 

Men p .452 .000 .472 .008 .006 

  n 34 34 34 32 34 

 
r -.052 .552** -.002 -.088 .261 

Women p .786 .002 .992 .644 .164 

 
n 30 30 30 30 30 

  r .346** .631** .318* .412** .489** 

Total p .005 .000 .011 .001 .000 

  n 64 64 64 62 64 

** Correlation is significant at the 0.01 level (2-tailed). 

* Correlation is significant at the 0.05 level (2-tailed). 
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gth and ankle circumference in men (p<0.01). 
However, contrary to expectations, no correla-
tion was found between plantar fascia thick-
ness and foot width. It is interesting that, unlike 
men, no correlation was found between plan-
tar fascia thickness and any of the foot morp-
hometric variables in women. Our study was 
conducted on a very narrow age range. In their 
research, Abdul et al. mention a positive corre-
lation between age and plantar fascia thickness 
(13). Their study results may answer the results 
we obtained from the women in our study.

Information that the plantar fascia thickness is 
over 4 mm on USG is interpreted by the clini-
cian as a diagnosis of plantar fasciitis (13 - 15). 
In our study, the plantar fascia thickness was 
found to be greater than 4 mm and the maximal 
plantar fascia thickness was 4.6 mm in 14.7% of 
healthy young male individuals. Gadala et al. 
reported that in men, the plantar fascia thick-
ness was greater than 4 mm in 21.5% of the feet 
and the maximal plantar fascia thickness was 
7 mm (16). In our study, the plantar fascia thi-
ckness was found to be smaller than 3.6 mm in 
all young female individuals (unlike the litera-
ture). In their study, Gadala et al. reported that 
the plantar fascia thickness was greater than 
4 mm in 26.5% of the feet in women and the 
maximal plantar fascia thickness value was 5 
mm (16). The reason for the difference between 
these results and the results of our study may 
be that Gadala et al. studied a very wide age 
range (17-79 years). Wall et al. found the plan-
tar fascia thickness to be greater than 4 mm 
in 25% of the feet in women and its maximal 
value to be 4.2 mm (17). In a study conducted 
by Abdul et al., they reported that the plantar 
fascia thickness was greater than 4 mm in 5.1% 
of individuals and the maximum thickness va-
lue was 4.3 mm (13). Both our study and many 
studies in the literature reveal that the plantar 
fascia thickness may be greater than 4 mm in 
some healthy individuals. From the results of 
Wall et al.'s study, it is understood that the plan-
tar fascia thickness values are above 5.5 mm in 
the majority of people diagnosed with plantar 
fasciitis (17). When all these results are evalua-
ted, it may be reasonable to reconsider the "4 
mm" limit value mentioned in the literature to 
help diagnose plantar fascia inflammation. We 
would also like to draw the attention of clinici-

ans to the “vast majority of plantar fascia thick-
ness values” reported in Wall et al.'s article (17).

Plantar fascia thickness has been evaluated 
with different methods in the literature. Stecco 
et al. evaluated the plantar fascia in MR ima-
ges. They found the plantar fascia thickness 
to be less than 4 mm in all individuals without 
Achilles tendinitis and its average value was 
2.09 mm. They reported the maximum plan-
tar fascia thickness as 2.46 mm in women and 
2.43 mm in men (18). The plantar fascia thi-
ckness values obtained by Stecco et al. are 
much smaller than the values obtained in our 
study (Table 1). The difference between the 
two studies may be due to the age distributi-
on of the individuals included in the study. In 
addition, the main reason for the difference 
may be that the studies were conducted with 
two different methods such as USG and MRI.

In our study, a statistically significant differen-
ce was found between genders in terms of 
plantar fascia thickness (Table 1). Wall et al. re-
ported that there was no difference between 
genders (17). One of the reasons for the diffe-
rence between the results of the two studies 
may be that the individuals in our study were 
younger. Wall et al measured in older individu-
als, and it is likely that the thickness of the plan-
tar fascia thickens with age (17). As a second 
reason for the difference between the results 
of both studies, it can be assumed that there 
may be racial differences between foot types.
In our study, a moderate positive correlation 
was found between Achilles tendon thickness 
and both foot width and ankle circumference in 
both genders (p<0.01). Unlike our study, in their 
study, Canbolat et al. found a weak positive cor-
relation between Achilles tendon thickness and 
both foot length and foot width (11). In our study, 
no significant difference was found between ri-
ght and left side Achilles tendon thicknesses. 
However, there are studies in the literature that 
obtain contrary results, showing lateralization 
and reporting a significant difference between 
right and left Achilles tendon thicknesses (19, 
20). The possible reason for the differences may 
be the different age distributions of the people 
included in the studies or racial characteristics.

There seems to be a need for studies from diffe-
rent races and populations evaluating the cor-
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relation between plantar fascia thickness and 
foot morphometry. To support the diagnosis of 
plantar fasciitis, the accepted “plantar fascia thi-
ckness greater than 4 mm” should be reviewed 
and discussed separately for both men and wo-
men. The fact that plantar fascia thickness does 
not correlate with foot morphometry in the eva-
luation of female patients in our society will faci-
litate the clinician's interpretation of heel pain.
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