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Abstract

Background: Subtalar hyperpronation and ankle dorsiflexion restriction have been theoretically

associated with Achilles tendinopathy (AT). However, evidence to support these associations is

lacking.

Objectives: To compare foot alignment and ankle dorsiflexion range of motion (ROM) between

the symptomatic and non-symptomatic limbs of individuals with unilateral AT. And to verify

whether differences exist between individuals with symptomatic pronated feet and individuals

with symptomatic neutral/supinated feet in terms of tendon pain, structure, and symptom

severity.

Methods: Sixty-three participants with unilateral AT underwent a bilateral evaluation of pain

during tendon palpation, symptom severity, tendon thickening, tendon neovascularization, ankle

dorsiflexion ROM, and foot posture alignment [foot posture index (FPI), navicular drop, navicular

drift, and longitudinal arch angle (LAA)]. Side and group comparisons were made using t-tests

and correlations were evaluated using the Pearson test.

Results: There were no differences between the symptomatic and non-symptomatic limbs

regarding foot posture alignment. Specifically, non-significant negligible differences were

observed between limbs regarding FPI [mean difference (MD)=-0.23; 95% confidence interval (CI)

=-0.70, 0.25), navicular drop (MD=0.58 mm; 95%CI=-0.25, 1.43), navicular drift (MD=0.16 mm;

95%CI=-0.77, 1.09), and LAA (MD=0.30�; 95%CI=-1.74, 2.34). There was no difference between

limbs regarding ankle dorsiflexion ROM. However, lower ankle dorsiflexion was associated with

worse symptom severity (r = 0.223). Finally, no difference was observed between individuals

with symptomatic pronated feet and individuals with symptomatic neutral/supinated feet in

terms of tendon pain or structure.
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Conclusions: Static foot alignment measures do not seem to be clinically relevant in patients

with AT. Smaller ankle dorsiflexion ROM, however, was associated with greater symptom severity

in this population.

© 2022 Associação Brasileira de Pesquisa e Pós-Graduação em Fisioterapia. Published by Elsevier

España, S.L.U. All rights reserved.

Introduction

Achilles tendinopathy (AT) is a prevalent overuse injury.1 It is
characterized by localized Achilles tendon pain, impaired
physical function, tendon thickening and, in more chronic
cases, neovascularization.2 It can lead to significant disabil-
ity and a substantial amount of patients develop persisting
symptoms that can last for years.3,4 This highlights the
importance of studies to better understand the factors asso-
ciated with this condition. The etiology of AT is considered
multifactorial, with both intrinsic and extrinsic factors con-
tributing to the development of tendon overload.5

Excessive subtalar joint pronation has been suggested to
be an important factor associated with the etiology of AT in
classical theoretical studies.6-8 It has been suggested that
excessive subtalar pronation (overpronation) would cause a
“whipping phenomenon” or “bowstring effect” in the Achil-
les tendon, promoting microtrauma with possible vascular
blanching within the tendon.7 Supporting this assumption, a
few cross-sectional studies have observed that individuals
with AT have greater subtalar pronation than healthy con-
trols during running.9,10 Recent research has proposed that
AT is a “pronation-related injury”,11 and clinical tests to
identify static subtalar pronation have been recommended
for rehabilitation and prevention of this condition.12 How-
ever, evidence actually supporting an association between
AT and foot misalignments is not strong.13 This has led the
authors of the recent clinical practice guidelines on manage-
ment of AT to not include overpronation as a risk factor for
AT.5,14 In addition, two recent prospective studies have
shown that foot misalignments, as measured by the foot pos-
ture index, are not risk factors for the development of
AT.15,16 Considering the inconsistencies in the literature
looking into the association of foot misalignments and AT,
more studies are necessary to see whether excessive subta-
lar pronation is associated with the domains of tendon
health in patients with AT.

Decreased ankle dorsiflexion range of motion has also
been suggested as a potential etiological factor associated
with AT.7,12,17-19 Restricted dorsiflexion range of motion may
increase the tension on the Achilles tendon during weight-
bearing activities, thereby increasing the risk of tendinop-
athy.12 Conversely, a few studies have observed that individ-
uals with AT have greater ankle dorsiflexion range of motion
compared to healthy controls9,20 and one study found no dif-
ference in ankle dorsiflexion range of motion between indi-
viduals with and without AT.21 Therefore, the exact
association between ankle dorsiflexion range of motion and
Achilles tendinopathy remains uncertain.

Considering the potential effects of excessive subtalar
joint pronation in Achilles tendon mechanics, it is possible
that this foot misalignment significantly influences tendon
pain, symptom severity, and tendon structure in individuals
with AT. However, to our knowledge, no study looked into

the association between foot misalignments and tendon
pain, symptom severity, and tendon structure in individuals
with AT. The purpose of this study was to compare foot align-
ment and ankle dorsiflexion range of motion between the
symptomatic and non-symptomatic limbs of individuals with
unilateral AT. A secondary aim was to verify whether differ-
ences exist between individuals with symptomatic pronated
feet and individuals with symptomatic neutral/supinated
feet in terms of tendon pain and structure, symptom sever-
ity, and ankle range of motion. Finally, we aimed to verify
whether relationships exist between foot alignment and
ankle range of motion and pain, symptom severity, and ten-
don structure in individuals with AT.

Methods

Participants

Sixty-three individuals with unilateral midportion AT (33
male) participated in this study. Participants were part of a
larger longitudinal study comparing the effect of exercise as
treatment for men and women with midportion AT. Data
were collected bilaterally at baseline, prior to treatment
initiation. Participants were included if they were between
the ages of 18 and 65 years old and presented with a clinical
diagnosis of midportion AT. Clinical diagnosis was established
by pain on palpation of the midportion of the Achilles tendon
and report of Achilles tendon pain with loading.22 Exclusion
criteria were previous history of Achilles tendon rupture or
another injury limiting the ability to perform required
tests.23 Participants were recruited from local clinics and by
means of advertisements. The study setting was the Univer-
sity of Delaware Physical Therapy Clinic and measurements
were made by researchers with over 5 years of experience
with these measurements following strict standard operat-
ing procedures. All participants signed an informed consent
form and protocols were approved by the Institutional
Review Board at University of Delaware.

Sample size calculations were conducted using data from
previous studies.24,5 Foot posture index was considered the
primary outcome for the main objective of the study and the
calculation used a=0.05, b=0.80, a mean difference of 2.3
points and an effect size of 0.71.24 Thirty-three participants
were found to be needed for the study to be adequately
powered. A second calculation was conducted using the Vic-
torian Institute of Sport Assessment-Achilles (VISA-A) ques-
tionnaire score as the primary outcome for the secondary
aim of the study. For this calculation, the parameters that
were used were a=0.05, b=0.80, a mean difference of 12
points and an effect size of 0.80.25 With this calculation, it
was observed that 52 participants would be needed, twenty-
six in each group.
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Procedures

Participants were initially assessed with regards to pain with
palpation and symptom severity, bilaterally. Then they
underwent a bilateral Achilles tendon ultrasound imaging
evaluation by an experienced researcher, as described
below. Foot posture alignment and ankle dorsiflexion range
of motion assessments were conducted by a different
researcher who was blind to which of the participant’s limbs
was the symptomatic side. This was a strategy to minimize
bias during these assessments. In addition, before the begin-
ning of the study, the involved researchers underwent weeks
of training with the standard operating procedures for the
outcome measures, also as a strategy to minimize bias.

Outcome measures

Symptoms

Pain with palpation of the midportion of both Achilles ten-
dons was recorded using the numerical pain rating scale
(NPRS) from 0 (no pain) to 10 (worst pain imaginable).26 The
VISA-A was used to measure symptom severity in both
limbs.27 VISA-A is an eight-question measurement tool that
has good validity and reproducibility.28 Scores range from 0
to 100 with lower values indicating greater disability.27

Ultrasound imaging

Ultrasound images were taken using a LOGIQ E ultrasound
system (GE Healthcare, Chicago, IL, USA) with brightness
mode ultrasound (10 MHz). Three extended field images
were taken bilaterally from the distal Achilles tendon inser-
tion on the calcaneus to the musculoskeletal junction
between the Achilles tendon and the soleus.29 Power dopp-
ler was used to assess for presence of neovascularization
along the length of the Achilles tendon.30 Presence or
absence of neovascularization was used for data analysis.
Tendon thickness was measured at 2 cm proximal to the cal-
caneal notch and at the thickest portion of the tendon. Ten-
don thickening was defined as the difference between the
measurement of width at the thickest portion minus the
width at 2 cm proximal to calcaneal notch.29,31 The average
of three trials at each location were used for analyses. Previ-
ous research has shown that this measure has high reliability
[intraclass correlation coefficient (ICC3,3) = 0.898; standard
error of measurement (SEM) = 0.01 cm].29

Foot posture alignment

Foot posture alignment was evaluated bilaterally using clini-
cian-friendly static alignment measuring tools. Specifically,
the alignment of both feet of all participants were evaluated
using the foot posture index,32 longitudinal arch angle,33

navicular drop, and navicular drift.24,34

Foot posture index (FPI) is a six-item observation tool
measuring foot alignment in bilateral standing.32 Each of the
six items are measured from �2 to +2. Total scores range
from �12 (highly supinated) to +12 (highly pronated). The
six measures include talar head palpation, curves above and

below the malleoli, calcaneal inversion/eversion, medial
arch height, talo-navicular congruence, and forefoot abduc-
tion/adduction as previously described.32 Measures were
taken with the participants standing in a comfortable posi-
tion with their arms by their sides and looking straight
ahead. Previous literature has described the FPI as a reliable
tool (ICC2,1 = 0.92‒0.98).

24

Longitudinal arch angle measures the angle between the
line from the center of the medial malleolus to the navicular
tuberosity and the line from the first metatarsal head and
the navicular tuberosity (Fig. 1a).33,34 The angle was calcu-
lated using a plastic goniometer in weight-bearing and
reported in degrees. This measurement has been shown to
be reliable in previous research (ICC2,1 = 0.74‒0.81).

24

Navicular drop measures the vertical displacement of the
navicular tuberosity when an individual goes from subtalar
joint neutral to relaxed weight-bearing.24,34 For this mea-
surement, participants were placed in subtalar neutral in a
seated position and the height of their navicular tuberosity
was marked on an index card. The participants then stood,
and the new height of the navicular tuberosity was marked
on the same card. The distance between the two marks was
measured and recorded in millimeters (Fig. 1b).24 Navicular
drift measures the medial displacement of the navicular
tuberosity when an individual goes from subtalar joint neu-
tral to relaxed weight-bearing. For this measurement, par-
ticipants were placed in subtalar neutral in a seated position
and the position of their navicular tuberosity was marked on
an index card flat on the floor. The participants then stood,
and the new position of the navicular tuberosity was marked
on the same card. The distance between the two marks was
also measured and recorded in millimeters (Fig. 1b).24 Good
to excellent reliability has been reported for the

Fig. 1 Longitudinal arch angle (A), navicular drop and navicu-

lar drift (B).
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measurement of navicular drop (ICC2,1 = 0.88‒0.95) and
navicular drift (ICC2,1 = 0.92‒0.95).

24

Dorsiflexion range of motion

Weight-bearing ankle dorsiflexion range of motion was eval-
uated in a knee extended and knee flexed positions.35,36 For
these measurements, participants stood in a split stance
with the trailing limb being the limb of interest. They were
instructed to lunge forward as far as possible while main-
taining knee extension and keeping their heel on the floor. A
digital inclinometer was placed on the mid tibial shaft and
degrees of dorsiflexion range of motion was recorded at the
point just before the heel starts to rise. To obtain weight-
bearing ankle dorsiflexion range of motion with the knee
flexed, the participants were instructed to bend their knee
and lunge forward as far as possible while maintaining knee
flexion and keeping their heel on the floor. Degrees of dorsi-
flexion range of motion were recorded at the point just
before the heel starts to rise from the ground. High reliabil-
ity has been reported for weight-bearing ankle dorsiflexion
with knee extended (ICC2,4 = 0.95)

36 and knee flexed
(ICC2,3 = 0.89‒0.99).

35 Due to problems with data entry into
the database, the results of 11 participants were unable to
be used in data analysis, with the results of 52 participants
being used in the analysis of ankle dorsiflexion range of
motion measurements.

Data processing and statistical analysis

All data were collected and managed using the Research Elec-
tronic Data Capture (REDCap) tool. REDCap is a web-based
software platform that allows secure data registry and allows
audit trails for tracing data manipulation and export
procedures.37,38 Statistical analysis was performed using IBM
SPSS Statistics (version 28.0, SPSS, Chicago, Illinois). Demo-
graphics were reported descriptively. The Shapiro-Wilk test
was used to verify statistical distribution. Paired t-tests were
used to compare the symptomatic limb in relation to the non-
symptomatic limb with regards to pain during palpation,

symptom severity, foot posture alignment, and tendon struc-
ture. For comparisons between individuals with pronated
symptomatic limbs (foot posture index�6) and individuals
with neutral/supinated symptomatic limbs (foot posture
index<6) with regards to the same variables, independent t-
tests were used. Mean differences and 95% confidence inter-
vals were calculated to determine the meaningfulness of the
observed differences. Finally, correlations between measures
were evaluated using the Pearson correlation test. The r val-
ues for correlation were interpreted as follows: 0.00‒
0.19=none to slight, 0.20‒0.39=low, 0.40‒0.69=modest,
0.70‒0.89=high, and 0.90‒1.00=very high.39 For all analyses,
a significance level of P<.05 was used.

Results

The mean age and body mass index of the included partici-
pants (n = 63) were 47.65§ 12.8 years and 29.09§ 5.5 kg/
m2, respectively. As expected, there was a significant differ-
ence between the symptomatic and non-symptomatic limbs
with regards to pain during tendon palpation [mean differ-
ence (MD)=3.7; 95% confidence interval (CI)=3.10, 4.30],
symptom severity (MD=�38.62; 95%CI=�42.79, �34.44),
and tendon thickening (MD=0.15 cm; 95%CI=0.10, 0.20).
Neovessels were present in 27 of 63 symptomatic limbs and
in 3 of 63 non-symptomatic limbs (MD=38%; 95%CI=24.8,
51.4). However, there were no differences between the
symptomatic and non-symptomatic limbs with regards to
foot posture alignment or ankle dorsiflexion range of motion
(P>.05; Table 1). Specifically, negligible differences were
observed between limbs regarding foot posture index
(MD=�0.23; 95%CI=�0.70, 0.25), navicular drop
(MD=0.58 mm; 95%CI=�0.25, 1.43), navicular drift
(MD=0.16 mm; 95%CI=�0.77, 1.09), longitudinal arch angle
(MD=0.30�; 95%CI=�1.74, 2.34), ankle dorsiflexion with the
knee extended (MD=0.21�; 95% CI=�1.32, 0.90) and ankle
dorsiflexion with the knee flexed (MD=0.81�; 95%CI=�2.15,
0.54) (Table 1).

Table 1 Foot alignment, tendon structure, pain, and symptom severity in the symptomatic and non-symptomatic limbs of the

participants.

Symptomatic (n = 63) Non-Symptomatic (n = 63) Mean Difference

(95% CI)

Pain during palpation (0�10) 4.57§ 2.55 0.87§ 1.21 3.70 (3.10, 4.30)*

VISA-A (0�100) 49.30§ 18.99 87.92§ 12.33 �38.62 (�42.79, �34.44)*

Foot Posture Index (�12 to +12) 4.36§ 3.14 4.59§ 3.39 �0.23 (�0.70, 0.25)

Navicular Drop (mm) 7.41§ 4.51 6.83§ 4.28 0.58 (�0.25, 1.43)

Navicular Drift (mm) 5.95§ 4.00 5.79§ 4.14 0.16 (�0.77, 1.09)

Longitudinal Arch Angle (°) 143.98§ 11.52 143.68§ 11.81 0.30 (�1.74, 2.34)

Ankle DF Knee Extendedy (°) 36.02§ 8.52 36.23§ 7.11 �0.21 (�1.32, 0.90)

Ankle DF Knee Flexedy (°) 42.30§ 8.11 43.11§ 6.42 �0.81 (�2.15, 0.54)

Tendon Thickening (cm) 0.26§ 0.21 0.12§ 0.12 0.14 (0.10, 0.20)*

Neovascularization n (%) 27 (42.9%) 3 (4.8%) 38.1 (24.8, 51.4)*

Data are (mean § standard deviation).
* P< 0.05; CI, confidence interval; DF, dorsiflexion; VISA-A, Victorian Institute of Sports Assessment‒Achilles questionnaire (higher scores

indicate fewer symptoms)
y n = 52.
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Results of the comparisons between individuals with pro-
nated symptomatic limbs (foot posture index�6; n = 26) ver-
sus individuals with neutral/supinated symptomatic limbs
(foot posture index<6; n = 37) are presented in Table 2. As
expected, the individuals with pronated symptomatic limbs
had greater navicular drop (MD=2.96mm; 95%CI=0.77,
5.16), navicular drift (MD=2.70; 95%CI=0.76, 4.64), longitu-
dinal arch angle (MD=�5.67�; 95%CI=�11.43, �0.09), and
foot posture index (MD=4.88; 95%CI=3.85, 5.91) when com-
pared to the individuals with neutral/supinated symptom-
atic limbs. However, there was no difference between
groups with regards to pain during palpation, symptom
severity, tendon thickening, neovascularization, or ankle
dorsiflexion range of motion (P>.05) (Table 2).

There were no correlations between any of the foot align-
ment measures and pain, symptom severity, or tendon thick-
ening (P>.05). However, a significant, although low,
correlation was observed between symptom severity and
ankle dorsiflexion range of motion with the knee flexed
(r = 0.223; P=.023) (Fig. 2). Significant but low correlations
were also observed between tendon thickening and age
(r = 0.273; P=.002) and symptom severity (r=�0.353;
P<.001) (Fig. 2).

Discussion

The purpose of this study was to compare static foot align-
ment measures and ankle dorsiflexion range of motion
between the symptomatic and non-symptomatic limbs of
individuals with unilateral AT. Considering the theoretical
assumptions that excessive pronation could lead to Achilles
tendon overload, we were interested in investigating
whether there was a higher prevalence of pronated feet ver-
sus neutral/supinated feet in individuals with AT. We also
aimed to compare tendon pain and structure, symptom
severity, and ankle range of motion between individuals

with symptomatic pronated feet and individuals with symp-
tomatic neutral/supinated feet. Results showed no differ-
ence between the symptomatic and non-symptomatic limbs
in any of the most popular methods of static foot alignment
assessment: foot posture index, navicular drop, navicular
drift, and longitudinal arch angle. Also, there was a similar
number of pronated and neutral/supinated feet with symp-
toms in this sample and there was no difference between
individuals with symptomatic pronated feet and individuals
with symptomatic neutral/supinated feet with regards to
tendon pain and structure, symptom severity, or ankle range
of motion. Finally, a low positive correlation was observed
between ankle dorsiflexion range of motion with the knee
flexed and symptom severity, indicating that smaller range
of motion in the ankle is associated with worse symptom
severity.

Previous studies had suggested that excessive subtalar
pronation would cause a “whipping phenomenon” in the
Achilles tendon, promoting microtrauma with possible vas-
cular blanching within the tendon.6,7 In an attempt to test
this hypothesis, Karzis et al.40 measured the blood flow in
the Achilles tendon in healthy participants with and without
overpronated feet. The authors found that individuals with
foot overpronation had increased vascular resistance and a
reduced Achilles tendon blood flow.40 Similarly, Wezenbeek
et al.41 measured the blood flow in the Achilles tendon of
healthy runners before and after a 10-minute run. The
authors found that greater foot pronation (eversion excur-
sion) during running was associated with reduced blood flow
in the tendon after the run.41 Collectively, these studies
seemed to indicate that there was plausibility to consider
excessive foot pronation as an important etiologic factor for
the development of AT.

However, in a follow up prospective study, the same
authors found that foot alignment, as measured by the foot
posture index, was not a risk factor for the development of
AT.15 Similarly, Nielsen et al.,16 in a prospective study, also

Table 2 Comparisons of participants’ demographics, foot alignment, tendon structure, pain, and symptom severity between

individuals with symptomatic pronated feet vs individuals with symptomatic neutral/supinated feety.

Pronated (n = 26)y Neutral/Supinated (n = 37)y Mean Difference (95% CI)

Age (years) 46.04§ 11.70 48.78§ 13.60 �2.74 (�9.32, 3.83)

Sex 14 male (53.8%) 19 male (51.4%) 2.40 (�22.5, 27.5)

Body Mass Index (kg/m2) 28.69§ 4.26 29.38§ 6.22 �0.69 (�3.50, 2.13)

Foot Posture Index (�12 to +12) 7.23§ 1.21 2.35§ 2.42 4.88 (3.85, 5.91)*

Navicular Drop (mm) 9.15§ 4.23 6.19§ 4.35 2.96 (0.77, 5.16)*

Navicular Drift (mm) 7.54§ 4.04 4.84§ 3.62 2.70 (0.76, 4.64)*

Longitudinal Arch Angle (°) 140.65§ 8.62 146.32§ 12.77 �5.67 (�11.43, �0.09)*

Ankle DF Knee Extendedx (°) 35.99§ 9.16 36.04§ 8.22 �0.05 (�4.94, 4.84)

Ankle DF Knee Flexedx (°) 41.70§ 9.09 42.71§ 7.50 �1.01 (�5.65, 3.63)

Pain during Palpation (0�10) 4.27§ 2.25 4.78§ 2.75 �0.51 (�1.82, 0.79)

VISA-A (0�100) 49.88§ 20.18 48.89§ 18.38 0.99 (�8.80, 10.79)

Tendon Thickening (cm) 0.29§ 0.18 0.25§ 0.23 0.04 (�0.07, 0.15)

Neovascularization n(%) 11 (42.3%) 16 (43.2%) �0.94 (�25.7, 23.9)

Data are mean § standard deviation, unless otherwise indicated.
CI, confidence interval; DF, dorsiflexion; VISA-A, Victorian Institute of Sports Assessment‒Achilles questionnaire (higher scores indicate
fewer symptoms).
* P� 0.05.
y Pronated: defined as Foot Posture Index � +6; Neutral/Supinated: defined as FPI < +6.
x Pronated n = 21, Neutral/supinated n = 31.
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found that runners with feet categorized as pronated or
highly pronated using the foot posture index, were not at a
higher risk of developing ATwhen compared to runners with
neutral or supinated feet. More recently, a cross-sectional
study found no difference between adolescents with and
without Achilles tendon pain with regards to foot posture
index measures,42 which is consistent with our results. It is
possible that static foot alignment evaluations, such as the
foot posture index, are not sensitive enough as a predictor
of eversion range of motion during a dynamic running activ-
ity15 and considering the current evidence, these static
measurements do not seem to be of relevance for injury risk
or symptoms severity in individuals with AT.

Regarding ankle dorsiflexion range of motion, no difference
was observed between the symptomatic and non-symptomatic
limbs of participants of the current study. Contrasting with
these results, previous studies have identified ankle dorsiflex-
ion restriction in individuals with AT.7,17 In addition, in prospec-
tive studies, ankle dorsiflexion restriction was found to be a
risk factor for the development of AT.18,19 The absence of dif-
ferences between limbs in the present study may have
occurred due to the relatively small sample size and the great
variability among participants. However, in the present study,
a low but significant positive correlation was observed
between ankle dorsiflexion range of motion and symptom
severity, which indicates that smaller dorsiflexion range of
motion is associated with worse symptom severity in individu-
als with AT. To our knowledge, this is the first study that looked
into the relationship between ankle range of motion and ten-
dinopathy symptom severity and due to the cross-sectional
nature of the study it is not known if the restriction in range of
motion preceded injury development or is a result of the
injury.

It has been hypothesized that patients who exhibit
decreased dorsiflexion range of motion experience increased
tension in the Achilles tendon and therefore are at a greater
risk of developing tendinopathy.12 A few studies have also
suggested that restricted range of ankle dorsiflexion excur-
sion may limit the capacity of the ankle plantar flexors to
absorb eccentric loads and result in greater loading rates in
lower limb tendons.43-45 A recent systematic review con-
cluded that restricted dorsiflexion range of motion is associ-
ated with alterations in the mechanics of weight-bearing
activities such as jump-landings in a manner that may pre-
dispose individuals to injury.46 Specifically, it was observed
that restricted dorsiflexion range of motion increases frontal
plane ankle and knee excursion, reduces knee and hip sagit-
tal excursion, and increases peak vertical ground reaction
force, which potentially increases the risk of overload inju-
ries.46 However, studies looking into the effects of dorsiflex-
ion restriction in activities typically associated with the
development of AT, such as running, are still lacking and
should be the focus of future research.

Finally, in the current study tendon thickening had low to
modest positive correlations with age and low negative cor-
relation with symptom severity. This means that thicker ten-
dons were observed in older participants and in participants
with higher symptom severity. These results were expected,
considering that tendon thickening is a typical sign of
tendinopathy2,47 and considering that the risk of AT has been
shown to increase with age.5,48

The limitations of this study need to be acknowledged. The
study had a cross-sectional design and only symptomatic par-
ticipants were included, therefore, no assumptions can be
made about whether the outcome measures of this study are
risk factors for AT. The absence of a control group is considered
a limitation, because a few recent studies have shown bilateral
changes in individuals with unilateral tendinopathy.49,50 How-
ever, the asymptomatic limb of the participants of the present
study showed significant differences in relation to the symp-
tomatic limb in terms of tendon pain, symptom severity, ten-
don thickening, and neovascularization, indicating that it
served as a proper comparator. Only young adults and middle-
aged individuals were evaluated in this study, so the generali-
zation of these results to other populations should be done

Fig. 2 Correlations between symptom severity and ankle dor-

siflexion range of motion with the knee flexed (A); symptom

severity and tendon thickening (B) and; tendon thickening and

age (C). VISA-A, Victorian Institute of Sports Assessment‒Achil-

les questionnaire (higher scores indicate fewer symptoms).
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with caution. Finally, considering the multifactorial etiology of
AT, future studies should conduct multivariable analyses to
encompass all aspects of tendon health.

Conclusions

No differences were observed in foot alignment, evaluated
by static measures, between the symptomatic and non-
symptomatic limbs of individuals with unilateral AT. There
was also no difference between individuals with symptom-
atic pronated feet and individuals with symptomatic neu-
tral/supinated feet regarding tendon pain and structure,
symptom severity, or ankle range of motion. In addition, pro-
nated foot posture was not more prevalent in this population
when compared to neutral/supinated postures. Static foot
alignment measures do not seem to be clinically relevant in
patients with AT. Smaller ankle dorsiflexion range of motion,
however, was associated with greater symptom severity and
may, therefore, be relevant for this population.
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