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Serkan Taş a, *, Alp Çetin b

a Toros University, School of Health Sciences, Department of Physiotherapy and Rehabilitation, Mersin, Turkey
b Hacettepe University, Faculty of Medicine, Department of Physical Medicine and Rehabilitation, Ankara, Turkey
a r t i c l e i n f o

Article history:
Received 24 July 2018
Received in revised form
5 December 2018
Accepted 17 March 2019
Available online 5 April 2019

Keywords:
Hallux valgus
Foot muscles
Stiffness
Muscle size
Ultrasonography
Sonoelestography
* Corresponding author. Toros University, School of
of Physiotherapy and Rehabilitation, 33140, Mersin, Tu

E-mail addresses: serkntas@gmail.com (S. Taş), alpc
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a b s t r a c t

Background: The aim of the present study was to investigate the morphologic features and mechanical
properties of plantar fascia (PF), flexor hallucis brevis (FHB), flexor digitorum brevis (FDB), and abductor
hallucis (AbH) muscles in individuals with halluks valgus (HV) and to compare the results with in-
dividuals without HV.
Methods: A total of 30 participants (27 female, 3 male) between the ages of 19e58 years with HV
deformity and 30 individuals without HV (27 female, 3 male) between the ages of 20e58 years were
included in the study. AbH, PF, FHB, and FDB thickness, cross-sectional area and stiffness were measured
with an ultrasonography device. For stiffness measurements, Shear Wave Velocity (SWV) of the assessed
soft tissues was calculated using a customized software program.
Results: Mean and standard deviation of SWV of PF, AbH, FHB, FDB, and thickness of PF, AbH, FHB, FDB, and
cross-sectional area of AbH, FHB, FDB in individuals with HV were 7.6 ± 1.0 m/sec, 2.8 ± 0.3 m/sec,
2.6 ± 0.4 m/sec, and 3.4 ± 0.2 m/sec, 3.3 ± 0.5 mm, 11.4 ± 2.2 mm, 16.5 ± 1.9 mm, 8.9 ± 1.8 mm,
2.4 ± 0.5 cm2, 2.7 ± 0.5 cm2, 1.9 ± 0.6 cm2, respectively. Mean and standard deviation of SWV of PF, AbH,
FHB, FDB and thickness of PF, AbH, FHB, FDB, and cross-sectional area of AbH, FHB, FDB in controls groups
were 7.6 ± 1.2 m/sec, 2.3 ± 0.3 m/sec, 2.3 ± 0.4 m/sec, and 3.4 ± 0.4 m/sec, 3.3 ± 0.5 mm, 9.7 ± 2.1 mm,
14.5 ± 1.4 mm, 9.7 ± 1.2 mm, 2.1 ± 0.3 cm2, 2.3 ± 0.4 cm2, 2.1 ± 0.4 cm2, respectively. Individuals with HV
had lower AbH and FHB thickness, cross-sectional area and SWV, however FDB thickness and cross-
sectional area were higher in individuals with HV compared to that of individuals without HV
(p < 0.05). PF thickness (p¼ 0.273), SWV of PF (p¼ 0.979) and FDB (p¼ 0.295) were similar in both groups.
Conclusion: Our results suggest that individuals with HV had lower AbH and FHB stiffness, however PF
and FDB stiffness were similar in HV and control group. In addition, AbH and FHB thickness and cross-
sectional area were lower in individuals with HV; however, FDB thickness and cross-sectional area were
higher in individuals with HV compared to that of individuals without HV.
Level of Evidence: Level III, Diagnostic Study.
© 2019 Turkish Association of Orthopaedics and Traumatology. Publishing services by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
Introduction

Hallux valgus (HV) is one of the most common foot deformity in
adults and is characterized with pronation of proximal phalanx,
medial deviation of the first metatarsal and medial prominence of
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the first metatarsophalangeal joint.1 The prevalence for HV is re-
ported to be 23% in adults aged 18 to 65 and is increased with ages
and female sex.2 HV with high prevalence is an important health
problemwhichmay cause pain, cosmetic appearance concerns, and
reduce in health-related quality of life.3e5

Mechanical properties of intrinsic foot muscles and plantar
fascia (PF) may be related to the etiology of HV. Changes in foot
intrinsic muscles and PF mechanical properties such as stiffness
could affect first metatarsophalangeal joint position, because soft
tissue stiffness is an important parameter for the regulation of
humanmotion and control as well as for joint stability.6e8 In theory,
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decrease in stiffness foot intrinsic muscle and PF could cause a
decrease resisting capacity against external loading, and this could
cause a loss of stabilization of first metatarsophalangeal joint, and it
may cause the HV. However, the relationship of changes in me-
chanical properties of the foot intrinsic muscles and PF with HV is
not completely known. On the other hand, changes in morpho-
logical features of plantar fascia and foot intrinsic muscles may be
another factor to be emerge the HV, because morphological fea-
tures of muscles such as thickness and/or cross-sectional area are
related to muscle function such as muscle strength.9 Decrease in
muscle strength could cause an imbalance and/or instability of
related joint.10,11 Because of this reason, decrease in foot intrinsic
muscle size may cause a loss of stabilization and/or a control deficit
of first metatarsophalangeal joint, which may be related to emer-
gence of HV. There exist a few studies on the morphological fea-
tures of foot muscles and PF in individuals with HV. These studies
reported that individuals with HV had lower thickness and cross-
sectional area of abductor hallucis and flexor hallucis brevis
compared to individuals without HV.12e14 Even though a few
studies in the literature investigate the intrinsic footmuscles and PF
thickness and cross-sectional area in individuals with HV, to our
knowledge, there exists no study investigating the stiffness of
intrinsic foot muscles and PF in individuals with HV. Identifying
possible changes in intrinsic foot muscles and PF stiffness, thickness
and cross-sectional area in individuals with HV may help to better
understand the factors causing or resulting HV that may help
inform better treatment options.

Foot intrinsic muscle function such as strength or/and endurance
cannot be measured dynamically because of their small size and
limited accessibility, but ultrasonography can reliably assess foot
intrinsic muscle morphological features such as their thickness and
cross-sectional area.15 In addition, Shear-Wave Elatography (SWE),
which is new reliably and valid imaging method based on ultraso-
nography, allow soft tissuemechanical properties such as stiffness to
be measured.16,17 Shear waves are a type of vibration waves which
generate from the soft tissues in result of exposed acoustic waves at
US examination. SWE method allow to be assessed the tissues
stiffness by measuring the velocity of shear waves in tissues.18,19

Furthermore, unlike grayscale ultrasonography, SWE method can
be able to detect abnormalities in terms of alterations in shear wave
velocity in assessed tissue, which provide to realize the pathological
changed in soft tissue in early period of the disease.20

The purpose of the present study was to examine the stiffness,
thickness and cross-sectional area of the PF as well as abductor
hallucis (AbH), flexor hallucis brevis (FHB), and flexor digitorum
brevis (FDB) muscles in individuals with HV. We hypothesized that
the stiffness, thickness and cross-sectional area of the PF and AbH,
FDB, and FHB muscles would be lower in individuals with HV
compared with individuals without HV.

Materials and methods

Participants

A total of 30 participants (27 females and 3 males) between the
ages of 19e58 years with hallux valgus deformity and 30 individuals
without HV (27 females and 3 males) between the ages of 20e58
yearswere selected for the present study. Hallux valguswas assessed
using the Manchester Scale, which is reported to be a reliable and
valid tool in both clinical assessment and self-assessment of hallux
valgus.21e23 The scale is graded 0 (no deformity) to grade 3 (severe
deformity). Participant was observed in relaxed weight-bearing
stance to determine the degree of hallux valgus deformity.23 In-
dividuals with HVwere classified according to theManchester Scale;
17 subjects in the Grade 1, 8 in the Grade 2 and 5 in the Grade 3.
Individuals were excluded from the study if they met any of the
following exclusion criteria: (1), ankle or foot orthopedic injuries,
such as plantar fasciitis, ligament injuries tendinopathy, bursitis, or
ligament injuries, (2) a history of lower extremities surgery or major
trauma, (3) rheumatic diseases, such as gout or rheumatoid arthritis,
and (4) a systemic disease, such as diabetes and/or connective tissue
disorders. Ethics approval was obtained from the Non-Invasive
Clinical Research Ethics Board of the Faculty of Medicine and writ-
ten consent was obtained from each participant.

Ultrasonic examinations

Ultrasonic examinations of the PF, AbH, FHB, and FDB were
performed using an ultrasonography device (ACUSON S3000 Ul-
trasound System; Siemens Medical Solution, Mountain View, CA).
The AbH stiffness, cross-sectional area and thickness measure-
ments were performed when the subjects were in the side-lying
position and the ankle was in the neutral position, so that the ul-
trasound probe had the best contact with the skin and with mini-
mal pressure on the tissue. Stiffness, cross-sectional area and
thicknessmeasurements of the PF, FHB, and FDBwere performed as
the participants in the prone position with neutral ankle position
and 90 degrees of knee flexion. Stiffness measurements of the PF
were performed at the region between the calcaneal insertion of
the plantar aponeurosis and 10 mm distal to the calcaneal insertion
of the plantar aponeurosis. The origin of the PF on the medial tu-
bercle of the calcaneus was used for PF thickness measurements.
For the stiffness, cross-sectional area and thickness measurements
of AbH, FHB, and FDB, the probe placed along the direction of the
muscle fiber (Fig. 1). To avoid deformation on the assessed soft
tissue that may increase the stiffness measurements and decrease
thickness measurements, minimum pressure was applied on the
probe to obtain a sufficient image quality and shear wave signals.
For stiffness measurements, Shear Wave Velocity (SWV) of the
assessed soft tissues was calculated using a customized software
program (Virtual Touch Imaging and Quantification; Siemens
Medical Solution). The thickness, cross-sectional area and stiffness
of the selected tissues were calculated by taking the average of
three successive measurements performed.

Statistical analysis

Statistical analyses were performed using a statistics software
program (SPSS, Inc, an IBMCompany, Chicago, IL). The variableswere
investigated using visual (histograms, probability plots) and
analytical methods (KolmogoroveSmirnov/ShapiroeWilk's test) to
determine whether they were normally distributed. Demographic
data and the assessed parameters were presented using mean and
standard deviation (SD). Since the stiffness, cross-sectional area and
thickness of the selected soft tissues were nonnormally distributed,
the ManneWhitney U test was used to compare these parameters
between the groups. Correlation coefficients for relations between
parameters and statistical significance were calculated using
Spearman's test. Correlation analysis results were classified as fol-
lows: 0.00e0.20 (poor correlation), 0.21e0.40 (fair correlation),
0.41e0.60 (moderate correlation), 0.61e0.80 (strong correlation),
and 0.81e1.00 (very strong correlation). A P value of less than 0.05
was considered to show a statistically significant result.

Result

Both groups were similar in age (p ¼ 0.976), height (p ¼ 0.302),
body mass (p ¼ 0.940) and body mass index (p ¼ 0.644). SWV of
AbH (p < 0.001) and FHB (p ¼ 0.002) were lower in HV group, but
SWV of FDB (p ¼ 0.295) and PF (p ¼ 0.949) were similar in both



Fig. 1. Probe location and ultrasound imaging measurements. (a) Probe position of the AbH (a1), FDB (a2), FHB (a3) and PF (a4) at thickness and stiffness measurements; (b) Probe
position of the AbH (b1), FDB (b2) and FHB (b3) at cross-sectional area measurements; (c) 2-dimensional ultrasound image of the AbH (c1), FDB (c2), FHB (c3) and PF (c4) at
thickness measurements; (d) color map images of the AbH (d1), FDB (d2), FHB (d3) and PF (d4) at stiffness measurements; (e) 2-dimensional ultrasound image of AbH (e1), FDB (e2)
and FHB (e3) at cross-sectional area measurements. Regions of interest were placed, and corresponding shear wave velocity (m/sec) was recorded. Red-coded areas represent the
highest stiffness, blue-coded areas represent the lowest stiffness, and green-coded areas represent intermediate stiffness. Plantar fascia, PF; abductor hallucis, AbH; flexor hallucis
brevis, FHB; flexor digitorum brevis, FDB.

Table 1
Mean and standard deviation value for each parameter measured.

Parameter Control (n ¼ 30) Hallux valgus (n ¼ 30) P value

Age (years) 36.5 ± 10.5 36.5 ± 12.4 .976
Height(m) 1.63 ± 0.09 1.65 ± 0.08 .302
Body mass (kg) 64.4 ± 12.9 64.4 ± 12.0 .940
BMI (kg/m2) 24.0 ± 3.3 23.5 ± 3.2 .644
Gender (male/female) 3/27 3/27
Thickness of selected tissues (mm)
Plantar fascia 3.3 ± 0.5 3.3 ± 0.5 .273
Abductor hallucis 11.4 ± 2.2 9.7 ± 2.1 .002*

Flexor hallucis brevis 16.5 ± 1.9 14.5 ± 1.4 <.001*

Flexor digitorum brevis 8.9 ± 1.8 9.7 ± 1.2 .027*

Cross-sectional area of selected tissues (cm2)
Abductor hallucis 2.4 ± 0.5 2.1 ± 0.3 .003*

Flexor hallucis brevis 2.7 ± 0.5 2.3 ± 0.4 .001*

Flexor digitorum brevis 1.9 ± 0.6 2.1 ± 0.4 .006*

SWV of selected tissues (m/sec)
Plantar fascia 7.6 ± 1.0 7.6 ± 1.2 .949
Abductor hallucis 2.8 ± 0.3 2.3 ± 0.3 <.001*

Flexor hallucis brevis 2.6 ± 0.4 2.3 ± 0.4 .002*

Flexor digitorum brevis 3.4 ± 0.2 3.2 ± 0.4 .295

* p < 0.05. Abbreviations: BMI, body mass index; SWV, Shear Wave Velocity.
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groups. HV group had lower AbH (p ¼ 0.002) and FHB (p < 0.001)
thickness, whereas HV group had higher FDB thickness compared
to control group (p ¼ 0.027). Similarly, cross-sectional area of AbH
(p ¼ 0.003) and FHB (p ¼ 0.001) were lower in HV group, but FDB
cross-sectional area was higher in HV group compared to control
group (p ¼ 0.006) (Table 1).

The correlation analysis revealed that SWV of AbHmuscle had a
fair correlation with AbH thickness (r ¼ 0.33, p ¼ 0.013) and cross-
sectional area (r ¼ 0.29, p ¼ 0.031). There are a strong correlation
between AbH thickness and cross-sectional area (r ¼ 0.65,
p < 0.001). SWV of FHB had a fair correlation with FHB thickness
(r ¼ 0.27, p ¼ 0.041) and cross-sectional area (r ¼ 0.31, p ¼ 0.011),
but FHB thickness had a moderate correlated with FHB cross-
sectional area (r ¼ 0.58, p < 0.001). There are a strong correlation
between FDB thickness and cross-sectional area (r ¼ 0.68,
p < 0.001), whereas FDB thickness and cross-sectional area did not
correlate with SWV of FDB (r < 0.10, p > 0.05). PF thickness did not
correlate with PF stiffness (r ¼ �0.23, p ¼ 0.088).

Discussion

The purpose of the present study was to investigate the changes
in morphologic features and mechanical properties of intrinsic foot
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muscles and PF in individuals with HV. As far as our knowledge, this
study is first study which investigate the changes in stiffness of foot
intrinsic muscles and PF in individuals with HV. We hypothesized
that the stiffness of PF and intrinsic foot muscles would be lower in
individuals with HV. Contrary to our hypothesis, our results suggest
that stiffness of PF and FDB do not related to HV. In line with our
hypothesis, our results show that stiffness of AbH and FHB muscles
are lower in individuals with HV compared with those without HV.
Decrease in stiffness of AbH and FHB muscles can cause a decrease
in resisting capacity of these muscles which lead to hallux in
extension and adduction. Decrease in stiffness of AbH and FHB
muscles in individuals with HV may be arise from a few reason.
First, our correlation analysis results suggest that the lower stiffness
of AbH and FHB was related to lower muscle size of AbH and FHB,
but this relationship was low, and it affected a small population of
assessed individuals. On the other hand, decrease in stiffness of
AbH and FHB muscles may be related to the histological and
morphologic changes in these muscles. It was reported that histo-
logical abnormal, increase infiltration of fat and collagen and loss of
muscle fiber in AbH and FHB in individuals with HV.14,24 It is well
established that morphological and histological changes in muscle
structure could affect muscle stiffness.25,26

In line with our hypothesis, we found that the AbH and FHB
thickness and cross-sectional area were lower in individuals with
HV compared to control group. Similar to our results, previous
studies reported that individuals with HV had lower AbH and FHB
cross-sectional area and thickness compared to healthy con-
trol.12e14 The results of the present study show that muscle
strength of AbH and FHB muscles decrease in individuals with HV,
because muscle size is an important determinant of muscle
strength.9 On the other hand, it is unclear whether decrease in AbH
and FHB muscle strength lead to HV deformity, or whether the HV
deformity leads to decrease AbH and FHB muscle strength. For
example, decrease in AbH muscle strength may cause a decrease
resisting capacity against adductor muscle which may lead to
adduction of the first metatarsophalangeal joint. On the other hand,
the decrease in AbH muscle strength may be related to mechanical
changes in the event of HV. HV deformity can cause malalignment
of the bones, increase the distance between origin and insertion of
AbH muscle and the insertion of the adductor hallucis moves to-
ward the medio-plantar side.1,27 Alternatively, tendon of FHB is
displayed laterally and tendon of extensor hallucis longus is dis-
played towards the fibula in case of HV.1 Changes of these tendon
direction and/or mechanical changes may decrease the capacity of
AbH and FHB muscles in individuals with HV and these changes
may chance muscle function and strength of AbH and FHB muscles.
Further studies are necessary to investigate the effect of increase
muscle size on the big toe position that may have more clinical
implications to in the management of HV.

Contrary to our hypothesis, our results show that FDB cross-
sectional area was higher in individuals with HV and PF thickness
was similar in both groups. In contrast with our results, Lobo et al13

reported that PF thickness is increased in individuals with HV,
while FDB thickness and cross-sectional area are similar inwith and
without HV. Mickle et al12 found that FDB thickness and cross-
sectional area were similar in individuals with HV compared with
those without HV. Increase in FDB thickness and cross-sectional
area may be a compensation or adaptation against mechanical
changes in foot and decreased intrinsic muscle strength associated
with HV. Mechanical changes in foot and/or decreased intrinsic
muscle strength may increase the loading on FDB muscle and this
may cause hypertrophy on FDB muscle.

Our results suggest that decrease in stiffness and size of AbH and
FHB muscles could cause a decrease in toe strength and stabiliza-
tion and it may cause HV. Strengthening the intrinsic foot muscle
may be able to prevent or delay the progression of HV, because
strengthening the intrinsic muscles is effective to increase toe
strength and stabilization as well as physical performance.28 In
addition, strengthening exercise may cause an increase in stiffness
of foot intrinsic muscle as well as an increase in muscle strength.
There is no study that investigated the strengthening programs on
muscle stiffness, however muscle stiffness is related to muscle
strength.29 Furthermore, muscle strengthening programs could
decrease the fatty infiltration in muscle and it could chance muscle
fiber type,30,31 whichmay cause an increase in muscle stiffness.25,26

Because of these reasons, strengthening program for the foot
intrinsic muscle may be a treatment option for individuals with HV.
Further investigation is warranted and required, which investigate
the effect of intrinsic foot muscle strengthening programs in
muscle stiffness and toe position in individuals with HV.

This study has several limitations. Firstly, stiffness, thickness
and cross-sectional area measurements were not performed by a
researcher blinded to the groups. However, standardized in-
structions used in stiffness and thickness measurements to mini-
mize the bias. Secondly, the study included only young or middle
age individuals. In different populations (geriatric, athletes … etc.),
effects of HV might be different on selected tissues stiffness,
thickness and cross-sectional area. Finally, in the present study,
changes in morphological and mechanical properties of foot
intrinsic muscles and PF in individuals with HV were evaluated in
comparison with individuals without HV. Further studies are
necessary to improve knowledge about changes in intrinsic foot
muscles and PF in patients with different various severity levels of
HV that may have more clinical implications to in the management
of HV.
Conclusion

In conclusion, we found that PF stiffness and FDB stiffness were
similar in individuals with and without HV, while individuals with
HV had lower AbH and FHB stiffness compared to that of in-
dividuals without HV. AbH and FHB thickness and cross-sectional
area were lower in individuals with HV; however, FDB thickness
and cross-sectional area were higher in individuals with HV
compared to that of individuals without HV. In addition, our cor-
relation analysis results suggest that lower stiffness of AbH and FHB
was related to lower muscle size of these muscles. Our results
indicate that decrease in muscle size and stiffness of AbH and FHB
might be an important cause to decrease resisting capacity of these
muscle, which may lead to hallux valgus.
Ethical committee approval

Required permission was obtained from the Non-Invasive Clin-
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