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Background: Flat feet change lower-extremity alignment, and they may change the load
distribution on the Achilles tendon during exercise. The purpose of this study was to investi-
gate the immediate effect of cumulative transverse strain via resistive ankle plantarflexion
exercise on the Achilles tendon in individuals with flat feet.

Methods: Fourteen individuals with flat feet and 14 age-matched individuals with normal
foot posture were enrolled. Achilles tendon thickness was measured by an ultrasonography
device with a linear probe at three points: 1, 2, and 3 cm proximal to the superior aspect of
the calcaneus. Ultrasonography measurements were performed before and after partici-
pants completed 90 repetitions of double-leg calf raise exercises, which included moving the
foot from full ankle dorsiflexion to full ankle plantarflexion.

Results: Achilles tendon thickness at all three points measured was thinner in the flat feet
group at preexercise and postexercise conditions compared with that of the control group
(P < .05). Achilles tendon thickness at all three points decreased after the exercise in both
groups (P < .001). The differences in Achilles tendon thickness at all three points measured
between preexercise and postexercise conditions were lower in individuals with flat feet than
in those of the control group (P < .05).

Conclusions: There was a significant decrease in Achilles tendon thickness after exercise in
both groups; however, tendon thickness markedly diminished in individuals with normal foot pos-
ture. The findings are thought to result from changes in tendon structure and load distribution on
the Achilles tendon. (J Am Podiatr Med Assoc 115(3), 2025; doi:10.7547/22-230)

Flat feet (FF), also known as pes planus, are one of
the most prevalent foot abnormalities in adults,
characterized by decreased medial longitudinal
arch height and the dorsiflexed and abducted fore-
foot.1 A variety of factors cause FF, including body

composition,2 foot intrinsic and extrinsic muscle

weakness,3 foot and ankle injuries,4 hereditary fea-

tures,5 iatrogenic variables,6 pregnancy,7 and neuro-

logic problems.8 On the other hand, FF could lead

to insufficient foot function, such as failure in body

weight support or alteration in force distribution,9

and it is associated with foot pathologic conditions

such as metatarsalgia10 or plantar fasciitis11 as well

as Achilles tendinopathy.12 There are some biome-

chanical approaches to explain the relationship

between FF and Achilles tendon (AT) pathologies.

Excessive foot pronation related to FF creates a tor-

sional or whipping action on the AT as the foot

rotates quickly from a supinated position at heel

strike to an excessive pronated position in mid-

stance.13 This recurrent whipping phenomenon

could cause microtears in the tendon, and it could

trigger an inflammatory process in the AT.14,15 In
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addition, this whipping phenomenon is thought to

result in vascular blanching of the midportion of the

AT, and it results in vascular damage and degenera-

tive processes in the AT.15 Furthermore, FF cause an

increase in hindfoot valgus because of reduced

medial longitudinal height, and they change the load

distribution on the AT.16,17 It is widely believed that

tendinopathies are overuse injuries caused by the

inability of the tendon to adapt to loading condi-

tions.18 Theoretically, the previously mentioned

changes in the tendon have the potential to alter the

AT structure and/or morphology over time. There

are very limited studies investigating the changes in

AT morphology in individuals with FF. These studies

reported that adults19 and children20 with FF had

lower AT thickness compared with a control group.

The decrease in AT thickness is thought to result

from decreased load on the AT.19,20 However, to our

knowledge, there is no study that investigated the

immediate response of the AT to cumulative trans-

verse strain via exercise in individuals with FF.

Changes in tendon thickness due to loading via exer-

cise provide important information about changes in

tendon structure, such as deficiency in tendon

extracellular matrix or collagen fibril disorganiza-

tion.21-24 In theory, tendon structure changes impair

fluid movement with the application of tensile load,

and fluid movement impairment is manifested by

less reduction in tendon thickness against loads via

cumulative transverse strain.21,25-27 The immediate

response of the AT that occurs in the tendon against

loads via cumulative transverse strain can provide

important information about the abnormal loads in

the AT and/or change in the tendon structure in indi-

viduals with FF. Therefore, the aim of the present

study was to investigate the immediate effect of cu-

mulative transverse strain via resistive ankle plantar-

flexion exercise on the AT and to compare the

results with those of individuals with normal foot

posture. Another aim of the study was to expose the

effects of FF in morphological features of the AT.

We hypothesize that 1) AT thickness will be lower in

individuals with FF and 2) the amount of decrease in

AT thickness will be less after cumulative transverse

strain via exercise in participants with FF compared

with the control group.

Materials and Methods

Participants

A total of 28 individuals (six males and 22 females)

aged 20 to 38 years (mean 6 SD age, 23.5 6

5.1 years) were included in this study. The navicular

drop test (NDT) and the Foot Posture Index (FPI)
were used to decide whether individuals had FF.
The NDT and the FPI were reported as reliable and
valid in identifying FF in adults.28-30 Participants with

an FPI score between 0 and 5 were considered to
have normal foot posture, and an FPI score of 6 or
higher indicated that the individual has FF.28,29 The
NDT was performed to measure the difference in dis-

tance between the navicular tuberosity and the floor
during sitting (both feet flat on the ground with hips
and knees flexed at 90˚) and standing (placing equal
amounts of body weight on each leg) positions.

Individuals with a navicular drop of 1 cm or more
were considered to have FF.31 Based on the NDT and
FPI findings, 14 individuals (11 females and 3 males)
were determined to have a normal foot posture, and

14 individuals (11 females and 3 males) as having FF.
Individuals were excluded from the study if they met
any of the following criteria: 1) having a systemic
or neurologic disease; 2) having a lower-extremity

orthopedic disorder such as Achilles tendinitis, lig-
ament injuries, or meniscopathy; 3) having a his-
tory of lower-extremity surgery or major trauma;
4) having a marked postural deformity in the lower

extremities, such as genu valgum, genu recurva-
tum, or coxa vara; 5) performing strenuous exer-
cises within 24 hours before measurements; or 6)
having a body mass index greater than 30 (the

weight in kilograms divided by the square of the
height in meters). This study was performed in line
with the principles of the Declaration of Helsinki.
Ethical approval was obtained from Toros University

Ethics Committee (Mersin, Turkey). An informed con-
sent form was signed by each participant.

Ultrasonographic Measurements

The measurements of AT thickness were performed
using an ultrasonography device with a linear probe
(5–12 MHz) (MicrUs Scanner; Telemed, Vilnius,
Lithuania). The measurements were performed by

an operator (S.T.) with 6 years of experience in
musculoskeletal ultrasonography. The operator was
blinded to group allocations. Measurements were
performed only on the dominant extremity. The domi-

nant leg of the participants was determined by ques-
tioning the leg that they used to kick a ball.32 All of
the measurements were performed between 9 AM and
11 AM. In accordance with previous studies,23,33 ultra-

sonographic assessments were performed while the
participants were in a prone position with their feet
hanging over the end of the examination table. Before
the ultrasonographic measurements, the individuals
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were allowed to have 10 min of rest in this position.

Ultrasonographic measurements were made parallel

to the longitudinal axis of the AT. The ultrasound

probe was placed on the skin with light pressure to

avoid any deformation in the tendon thickness.

Ultrasonic images recorded the tendon that

included the superior aspect of the calcaneus and

the distal AT. The images were analyzed with a

software package (RadiAnt DICOM Viewer; Medixant,

Poznan, Poland). The analyses were performed by a

researcher who was blinded to group allocations. In

accordance with previous studies,23,33-35 the AT thick-

ness was measured using ultrasonic images recorded

at three different points, 1 cm (AT-1), 2 cm (AT-2),

and 3 cm (AT-3) proximal to the superior aspect of

the calcaneus (Fig. 1).

Exercise Protocol

After ultrasonographic measurements, the partici-
pants completed the exercise protocol. Similar to

previous studies,22,23,33 the exercise protocol con-

sisted of 90 repetitions of double-leg calf raise exer-

cises, which included moving the foot from full

ankle dorsiflexion to full ankle plantarflexion at a

rate of approximately 1 Hz. It was reported that the

exercise causes a resistance of between 100% and

150% of body weight on the AT, which is similar to

the tensile loads exerted by AT during gait.22,23,33

The ultrasonographic measurements were repeated

immediately after the exercise protocol.

Statistical Analyses

A statistical software package was used to perform

statistical analyses (IBM SPSS Statistics for

Windows, Version 22.0; IBM Corp, Armonk, New

York). To decide whether the assessed parameters

were normally distributed, analytical methods

(Shapiro-Wilk test or Kolmogorov-Smirnov test)

and visual methods (probability plots and histo-

grams) were used. Demographic data and the

assessed parameters are presented using mean 6
SD. The independent Student t test was used to

compare the assessed parameters between the FF

and control groups. The paired Student t test was

used when comparing preexercise and postexer-

cise AT thickness. A P < .05 was considered statis-

tically significant.

Results

Both groups were similar in age (P 5 .537), height

(P 5 .679), body mass (P 5 .752), and body mass

index (P 5 .943) (Table 1). The AT thickness at the

points of AT-1, AT-2, and AT-3 were significantly

lower at preexercise and postexercise conditions in

individuals with FF compared with the control

group (P < .05). Thickness at AT-1, AT-2, and AT-3

decreased after exercise in both groups (P < .001).

The differences in thickness at AT-1, AT-2, and AT-3

between preexercise and postexercise were higher

Figure 1. Measurements of Achilles tendon thick-
ness 1, 2, and 3 cm proximal to the superior aspect
of the calcaneus.

Table 1. Demographic Data of Individuals with Flat Feet and the Control Group

Parameter Flat Feet Group (n 5 14) Control Group (n 5 14) P Value

Age (mean 6 SD [years]) 22.9 6 3.9 24.1 6 6.2 .537
Height (mean 6 SD [m]) 1.69 6 0.1 1.71 6 0.1 .679
Mass (mean 6 SD [kg]) 61.2 6 14.6 63.2 6 17.4 .752
Body mass index (mean 6 SD) 21.2 6 3.0 21.3 6 3.0 .943
Foot Posture Index score (mean 6 SD) 7.5 6 1.3 2.4 6 1.7 <.001a

Navicular drop (mean 6 SD [cm]) 1.3 6 0.2 0.5 6 0.2 <.001a

Sex (No. [%])
Male 3 (21) 3 (21)
Female 11 (79) 11 (79)

Dominant limb (No. [%])
Right 14 (100) 13 (93)
Left 0 1 (7)

aP < .05, Student t test.
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in the control group compared with individuals with

FF (P < .05) (Table 2).

Discussion

One of the aims of this study was to investigate the

effect of foot posture on AT morphology. We

hypothesized that AT thickness will be lower in

individuals with FF compared with individuals with

normal foot posture. Consistent with the hypothe-

sis, it was found that individuals with FF had a thin-

ner AT compared with those with normal foot

posture. There are a few studies investigating the

effect of foot posture on AT morphology. Similar to

the present findings, Murley et al19 found that AT

thickness was lower in adults with FF compared

with adults with normal foot posture. Furthermore,

Gonul et al20 indicated a decrease in AT thickness

in children with FF. The reduction in AT thickness

is thought to result from decreased load on the AT

during gait.19,20 There are some potential reasons

for a decrease in load on the AT. It was reported

that FF increased the valgus hindfoot moment arm

and caused a reduction in the moment arm of the

AT as well as in the load on the AT while stand-

ing.16,17 Moreover, increased hindfoot valgus causes

insufficient foot rigidity during locomotion and pro-

pulsion.36 Insufficient foot rigidity causes an impair-

ment or inefficiency in load transfer from the

hindfoot to the forefoot during the propulsion phase

of gait,19,36 and it decreases the lever arm of the AT

as well as the load on the AT.19 The mechanical

loading is very important to ensure tendon hemosta-

sis. The decreased mechanical loading could cause

a decrease in new extracellular matrix formation

and collagen fiber synthesis, and it could cause a

decrease in tendon thickness over time.37-39 On the

other hand, a decrease in AT thickness may cause

an increase in predisposition to AT pathologies

such as tendinopathy or rupture. It was suggested

that tendon ruptures more easily in a thinner tendon

because of the increased stress concentration com-

pared with the thicker tendon.40,41

To our knowledge, this is the first study investi-

gating the immediate effect of resistance exercise

on the AT in individuals with FF. The findings from

the present study demonstrate that AT thickness

significantly decreased after double-leg calf raise

exercises in individuals with and without FF. There

are several studies that reported the immediate

effects of intense or prolonged ankle exercises on

AT thickness in healthy or asymptomatic individu-

als. Similar to the present results, these studies

reported a 15% to 20% reduction in AT after intense

or prolonged ankle exercises in healthy individu-

als.21-23,33 The decrease in AT thickness is thought

to result from the movement of fluid out of the ten-

don due to loading and tension on the tendon after

the exercises.22,23,33 On the other hand, it was

hypothesized that the response of AT will be differ-

ent against cumulative transverse strain via exer-

cise in individuals with and without FF. In line with

Table 2. Preexercise and Postexercise Conditions in Individuals with and Without Flat Feet

Parameter Flat Feet Group (n 5 14) Control Group (n 5 14) P Value

AT-1
Preexercise (mm) 3.6 6 0.5 4.3 6 0.6 .001a

Postexercise (mm) 3.3 6 0.4 3.7 6 0.5 .007a

Difference (mm) 0.3 6 0.2 0.6 6 0.3 .009a

Difference (%) 9.1 6 3.4 13.4 6 6.0 .028a

AT-2
Preexercise (mm) 3.7 6 0.5 4.5 6 0.6 .001a

Postexercise (mm) 3.3 6 0.4 3.7 6 0.5 .041a

Difference (mm) 0.4 6 0.2 0.8 6 0.3 .001a

Difference (%) 11.1 6 4.6 17.5 6 5.9 .003a

AT-3
Preexercise (mm) 3.9 6 0.4 4.6 6 0.5 .003a

Postexercise (mm) 3.5 6 0.4 3.8 6 0.5 .061
Difference (mm) 0.5 6 0.2 0.7 6 0.3 .010a

Difference (%) 11.3 6 5.1 15.8 6 5.9 .038a

Note: Data are given as mean 6 SD.
Abbreviations: AT-1, Achilles tendon thickness 1 cm proximal to the superior aspect of the calcaneus; AT-2, Achilles tendon thickness

2 cm proximal to the superior aspect of the calcaneus; AT-3, Achilles tendon thickness 3 cm proximal to the superior aspect of the
calcaneus.

aP < .05, Student t test.
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the hypothesis, it was found that the amount of

decrease in AT thickness after double-leg calf raise

exercises in individuals with FF (;11% reduction)

was less than that of the control group (;15%

reduction). There may be some reasons for the dif-

ference in the exercise response of the tendon

between groups. The AT may be exposed to less

load during exercises in individuals with FF

because of the previously mentioned changes, such

as the decrease in the moment arm of the AT, and it

might cause less movement of fluid out of the ten-

don because fluid movement usually occurs with

tendon loading.25-27 Less fluid out of the tendon will

cause less reduction in tendon thickness in individ-

uals with FF. Moreover, less fluid movement may

be related to changes in collagen structure due to

changes in the load of the AT in individuals with

FF. Previous studies hypothesized that changes in

collagen structure, such as collagen fibril disorgani-

zation or thinning, reduce the interfibrillar space

and could cause a decrease in intratendinous fluid

mobility and/or movement of fluid out of the tendon

when the tendon is under tension or load.21,24,25 On

the other hand, intratendinous fluid mobility is con-

sidered to play an important role in tendon homeo-

stasis,42 and a reduction in intratendinous fluid

mobility may cause an impairment in nutritional

pathways in tendon.43 Speculatively, reduced intra-

tendinous fluid mobility may cause an increase in

the predisposition to AT pathology observed in indi-

viduals with FF.
The present study has a few limitations. First, AT

thickness measurements were conducted only in

the longitudinal plane. Use of the horizontal plane

for cross-sectional area measurements would pro-

vide more information about the effect of FF on AT.

Second, the present study included only young and

asymptomatic individuals. The effect of resistive

ankle plantarflexion exercises may be different in

middle-aged and/or older adults because age can

cause changes in AT structure.44,45 Third, ultrasono-

graphic measurement was performed only before

and after eccentric ankle exercises. In future stud-

ies, additional measurements may be performed at

some intervals after eccentric exercises to investi-

gate time-dependent changes. Finally, in the current

investigation, changes in the morphological features

of the AT in individuals with FF were compared

with those of healthy people. Further research is

needed to increase clarification of morphological

changes in AT thickness in patients with varying

levels of FF severity, which may have more practi-

cal significance for FF management.

Conclusions

It was found that individuals with FF had a thinner
AT compared with individuals with normal foot pos-
ture. In addition, there was a significant decrease in
AT thickness after exercise in both groups; how-
ever, the reduction in AT thickness was lower in
individuals with FF (;11%) than in the control
group (;15%). This finding is thought to result from
structural changes in the AT and/or decreased load
on the AT that might cause a decrease in interstitial
fluid movement during loading on the tendon.
These changes may be related to the higher preva-
lence of AT pathologies in individuals with FF.
Therapeutic approaches such as orthoses and exer-
cises, which maintain normal medial arch height,
may help prevent structural changes in the tendon
or AT pathologies in individuals with FF.
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