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Forefoot strike is increasingly being adopted by runners because it can better attenuate impact than rear-
foot strike. However, forefoot strike may overload the plantar fascia and alter the plantar fascia elasticity.
This study aimed to use ultrasound elastography to investigate and compare shear wave elasticity of the
plantar fascia between rearfoot strikers and forefoot strikers. A total of 35 participants (21 rearfoot strik-
ers and 14 forefoot strikers), who were free of lower limb injuries and diseases, were recruited from a
local running club. Individual foot strike patterns were identified through the measured plantar pressure
during treadmill running. The B-Mode ultrasound images and shear wave elastographic images of the
plantar fascia were collected from each runner. Two independent investigators reviewed the images
and examined the plantar fascia qualitatively and quantitatively. The results demonstrated an overall
good agreement between the investigators in the image review outcomes (ICC:0.96–0.98, j: 0.89).
There were no significant differences in the fascial thickness (p = 0.50) and hypoechogenicity on the
gray-scale images (p = 0.54) between the two groups. Shear wave elastography showed that forefoot
strikers exhibited reduced plantar fascia elasticity compared to rearfoot strikers (p = 0.01, Cohen’s
d = 0.91). A less elastic fascial tissue was more easily strained under loading. Tissue overstrain is fre-
quently related to the incidence of plantar fasciitis. While further study is needed for firm conclusions,
runners using forefoot strike were encouraged to enhance their foot strength for better protection of
the plantar fascia.

� 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Overuse injuries are common in recreational runners, with an
estimated 39–85% of runners becoming injured each year (van
Gent et al., 2007). While the cause of injury is multifactorial, the
rate of loading for the vertical ground reaction force (vGRF) imme-
diately following impact is thought to be a significant contributor
(van der Worp et al., 2016; Zadpoor and Nikooyan, 2011). As a
result, running mechanics associated with high vGRF, as well as
mechanics that increase knee joint loading, are typically targeted
for gait retraining in runners that are at risk or currently injured
(Agresta et al., 2018). These mechanics include increasing step fre-
quency, reducing foot inclination angle at initial contact and heel-
to-trunk distance (Wille et al., 2014), and, most notably, retraining
rearfoot strike patterns (Cheung and Davis, 2011). Transitioning to
a forefoot strike pattern has received the most attention and is fre-
quently targeted, because it has the potential of reducing the vGRF
impact peak and eliminating other potential contributors to
running-related injuries (Crowell and Davis, 2011; Shih et al.,
2013; Williams et al., 2012).

Despite the positive findings related to vGRF and its widespread
popularity, adoption of a forefoot strike pattern may have negative
consequences for runners in terms of changing the loading status
of the plantar fascia (Lieberman et al., 2010). Forefoot strike pro-
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duced larger ankle plantarflexion moments compared to rearfoot
strike (Rice and Patel, 2017) and, therefore, increased Achilles ten-
don tension and posterior calf muscle activity requirements (Knorz
et al., 2017; Landreneau et al., 2014; Yong et al., 2014). Because of
the strong myofascial connectivity among the plantar fascia,
Achilles tendon, and posterior calf musculature (Carlson et al.,
2000; Cheung et al., 2006), these biomechanical changes, along
with the burden of body weight and the forward-shifted vGRF
upon the forefoot (Kernozek et al., 2016), were speculated to
impose a bending strain to the longitudinal foot arch and over-
stretch the plantar connective tissues (Arangio et al., 1998;
Huang et al., 1993). Research using computational simulations
has shown that forefoot strike can induce a higher tensile force
on the plantar fascia than rearfoot strike (Chen et al., 2019).
Repeated overload has been commonly considered as the primary
cause of microtears in fascia and a contributor to plantar fasciitis
(Wearing et al., 2006).

Ultrasound imaging is an effective tool to examine the plantar
fascia and has been widely used to assist diagnosis of plantar fasci-
itis. Histologically, plantar fasciitis is a composite result of fiber
microtears, collagen degeneration, chronic inflammation, and cal-
cification caused by repetitive overstrain (Wearing et al., 2006),
which underlies the typical appearances of plantar fasciitis on
the conventional B-Mode ultrasound images: thickened plantar
fascia and a diffuse hypoechoic area within the fascia band
(McMillan et al., 2009). Hypoechoic change in the plantar fascia
usually presents as a loss of the normal fibrillar pattern on the
gray-scale images (Kim et al., 2016). However, research showed
that not all patients with plantar fasciitis exhibited these changes
in tissue morphology and hypoechogenicity (Kapoor et al., 2010;
Wu et al., 2012). Recently, ultrasound shear wave elastography
has emerged as a novel imaging technique that can detect early-
stage plantar fasciitis through the assessment of tissue elasticity
(Sabir et al., 2005). Shear wave elastography can autogenerate
and track the transient shear waves propagating in the tissues,
whereby the shear wave velocity (SWV) is proportional to the tis-
sue elasticity (Nowicki and Dobruch-Sobczak, 2016). Reduced elas-
ticity was frequently related to tissue rupture caused by repeated
loading (Eby et al., 2013; Zhang and Fu, 2013) and subsequent
plantar fasciitis (Wu et al., 2011). The use of elastography may help
identify signs of negative adaptation to forefoot striking via a loss
of elasticity in the fascial band. Together with the already available
fascial thickness and hypoechogenicity measurements, this infor-
mation could be valuable for the runners to better understand their
foot health.

Therefore, the purpose of this study was to utilize the ultra-
sound shear wave elastography to document plantar fascia elastic-
ity in runners using forefoot strike patterns. Since the majority of
recreational runners are rearfoot strikers (de Almeida et al.,
2015; Larson et al., 2011), we used this group as controls. We
hypothesized that forefoot strikers would exhibit increased fascial
thickness, increased hypoechogenicity, and reduced plantar fascia
elasticity compared to rearfoot strikers. The results of this study
may provide greater insights of whether there were altered mate-
rial properties of the plantar fascia involved in forefoot strike run-
ning and help to guide training programming, given that tissue
strength could influence its injury risk.
2. Methods

2.1. Participants

A total of 35 recreational runners (21 rearfoot strikers and 14
forefoot strikers) were recruited for the study. The ratio of
rearfoot-to-forefoot-striker was approximately 3:2 based on their
availability in the local running community. The sample size was
calculated upon on a pilot study using the mean SWV of the plantar
fascia (with the statistical power of a = 0.05, b = 0.2, and an
assumed effect size of 0.54) as our primary outcome variable. Run-
ners’ foot strike patterns were later confirmed by undergoing a
treadmill session in the study. The experimental protocol was
approved by the University Institutional Review Board (IRB NO.:
HUM00149062). Participants were recruited from the local run-
ning community via recruitment flyers and word of mouth. Inclu-
sion criteria were: (i) aged between 18 and 35 yr; (ii) currently had
a weekly mileage of at least 15 km; (iii) had a running experience
of at least 2 years prior to the experiment; (iv) originally rearfoot
striker at the beginning of her/his running career; (v) had no ongo-
ing symptoms or injuries of the lower limbs at the time of entry,
and (vi) had no musculoskeletal diseases, such as rheumatoid dis-
orders. Runners were excluded if they: (i) had an abnormal foot
arch (i.e., pes planus or pes cavus), which was later confirmed by
measures of foot arch index in the study (Cavanagh and Rodgers,
1987); (ii) modified foot strike pattern within the 6 months prior
to the experiments; (iii) currently used orthotics, prosthetic
devices, or footwear with motion control function; (iv) received
lower limb surgeries in the past 6 months prior to the experi-
ments; or (v) habitually ran barefoot. Runners with a foot arch
index � 0.26 (pes planus) or � 0.21 (pes cavus) were excluded
from the study (Wong et al., 2012). All participants were fully
informed of the research procedures and provided informed con-
sent prior to participation. Each participant also completed a ques-
tionnaire that collected information regarding basic
anthropometry and running regime.

2.2. Experimental procedure

The study consisted of two sessions with a 5-minute rest inter-
val: a shear wave elastography session and a treadmill session. The
purpose of the treadmill session was to confirm foot arch type and
foot strike pattern for the participants. To minimize the influences
of physical activities on imaging quality (Skou et al., 2012), we per-
formed the shear wave elastographic measurements to the partic-
ipants prior to the treadmill session.

2.2.1. Shear wave elastography session
Shear wave elastography was performed using the Aixplorer

ultrasonic scanner (Supersonic Imagine, Aix-en-Provence, France;
software version 5). The participants laid prone with the knee fully
extended, foot suspended at the bedside, and the ankle slightly
plantarflexed in a resting position. The position for examination
was kept consistent across all participants in the study. Gentle
compression was applied to the heel with a linear array transducer
(7–14 MHz). In the longitudinal view, the color-coded image of the
shear wave (a rectangle 2 cm � 4 cm) was superimposed over the
B-Mode ultrasound image obtained simultaneously (Wu et al.,
2015). The following parameters were set and kept consistent
throughout the measurements: ‘‘Muscle” probe mode, ‘‘Penetra-
tion,” ‘‘High Definition,” ‘‘Contrast” = 65%, and ‘‘Gain” = 100%. The
region of interest was initially positioned at the anterior edge of
the inferior calcaneal border (Lee et al., 2014) and slightly moved
towards the toe direction if shear wave signals were difficult to
acquire. Ten images were collected for each participant. All ultra-
sonic measurements were performed by the same investigator
(TLC). The primary variable was the mean SWV of the plantar fas-
cia, which represented the degree of tissue elasticity. The fascial
thickness and hypoechogenicity on the gray-scale images were
also examined as secondary outcomes.

The ultrasound images were analyzed qualitatively and quanti-
tatively by two investigators (SGP and DWW), who were blinded to
the grouping results. Plantar fascia thickness was measured as the
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vertical distance between the anterior edge of the inferior cal-
caneal border and the inferior border of the plantar fascia (Ríos-
Díaz et al., 2015) (Fig. 1A). The hypoechogenicity of the plantar fas-
cia was assessed based on a grading scheme (Archambault et al.,
1998): grade I: normal appearance (parallel margins, homoge-
neous echogenicity); grade II: enlarged structure (bowed margins,
homogeneous echogenicity); and grade III: hypo-echoic area with
or without enlargement.

Shear wave elastography images were analyzed using an estab-
lished algorithm (Lee et al., 2015; Leonardis et al., 2017). The algo-
rithm provides quality control to ensure the elastography
measurement only includes pixels with sufficient quality in the
final calculation of SWV. A customized Matlab (R2014a, Math-
Works, Natick, MA) code extracted both SWV and quality map
from the elastography images. The quality map, which was pro-
vided by Supersonic Imaging, reflects the manufacturer’s calcula-
tion regarding the cross-correlation of shear waves propagating
in the tissue. In the map, each pixel of the image is assigned with
a number that denotes the accuracy of the SWV measures. The
number ranges from 0 to 1, with 1 representing the best quality
and 0 representing the worse. To start with the algorithm, we man-
ually cropped the region of interest corresponding to the plantar
fascia band from the elastography image (Fig. 1B). The region of
interest was approximately 2 cm in length along the fascial band
(kept consistent for all participants), and its size could vary slightly
to accommodate the individual variations in fascial thickness. Our
algorithm computed the mean SWV of pixels with a quality num-
Fig. 1. The ultrasound images of one representative participant. A: the longitudinal B-Mo
B-Mode image. The fascia thickness and hypoechogenicity were examined on the B-Mod
cropped region (the dotted circle) on the shear wave elastographic image.
ber > 0.7 from the cropped image (Leonardis et al., 2017). On aver-
age, the percentage of qualified pixels within the cropped images
was 45.8% for rearfoot strikers and 45.7% for forefoot strikers. We
found no evidence of data saturation in any of the images. SWV
was averaged across 10 images for each participant.

2.2.2. Treadmill session
Participants stood barefoot on a pressure-sensing treadmill (h/p

cosmos Quasar Medical treadmill, h/p cosmos, Nussdorf-
Traunstein, Germany) and performed a 6-second single leg stance
on right and then left leg. After the standing trial, participants per-
formed a 1-min walking trial at a set speed (4 km/h). Following the
walking trial, participants ran on the treadmill for 3 min using a
self-selected speed in their own running shoes. No instruction on
specific running form (e.g., specific foot strike pattern) was given
to the participants.

Foot arch type was quantified using the foot arch index
(Cavanagh and Rodgers, 1987). Briefly, the measured foot pressure
map was equally divided into three sections along its longitudinal
axis (i.e., line intersecting the heel center and second toe), which
represented the heel, midfoot, and forefoot regions. Foot arch index
was calculated as the percentage of the midfoot area to the total
footprint area. A mean foot arch index was averaged through the
6-s standing trial. Runners with an arch index of 0.21–0.26 were
considered having the normal foot arch type (Wong et al., 2012).

Foot strike patterns were quantified by the strike index as mod-
ified by Graf et al. (Graf et al., 2013). Strike index was defined as
de image, B: the color-coded shear wave elastographic image superimposed on the
e image. The mean value of shear wave velocity was calculated from the manually
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the percentile location of the plantar pressure center relative to the
full footprint length. The toe region of the footprint was excluded
as this modification has been shown to increase the validity of
identifying a forefoot strike pattern (Graf et al., 2013). A strike
index of 0–33.3% was classified as a rearfoot strike pattern while
66.6–100% was classified as forefoot strike pattern (Lieberman
et al., 2010). Because forefoot strikers might produce incomplete
footprints during running, the actual footprint of each participant
was contoured from the walking trial based on the fact that all of
them used a heel-to-toe walking gait, regardless of foot strike pat-
terns used during running. The actual full footprints were then
input and re-located in the running trial by aligning to the front
edge of the foot pressure profile along the belt, assuming that,
for either rearfoot strike or forefoot strike, the foot’s tip always
touched the ground at push-off and did not drift during the stance
phase (Santuz et al., 2016). For each participant, strike index was
averaged across the first, middle, and last 10 strides of the running
trials.

For the treadmill session, plantar pressure was recorded using
the proprietary software (myoRESEARCH MR3.12, Noraxon, Scotts-
dale, USA) at a sampling rate of 120 Hz. Raw data were exported
and processed by a custom-code (Matlab R2014a, MathWorks,
Natick, MA).
2.3. Statistics

Statistics utilized SPSS (V16.0, SPSS, Inc., Chicago, Illinois, USA)
with alpha set at 0.05. Data were assessed for distribution normal-
ity (i.e., Kolmogorov-Smirnov test) and homogeneity of variance
(i.e., Levene’s test). Numerical outcome variables were compared
between the rearfoot strike and forefoot strike groups using the
independent Student’s t-test or the Mann-Whitney U test—if the
assumptions of normal distribution or homogeneity of variance
were violated. An effect size (Cohen’s d for the independent Stu-
dent’s t-test and Cohen’s r for the Mann-Whitney U test) was
demonstrated for each comparison pair (Cohen, 1988). A chi-
square (X2) test was used to compare the grade distribution of
plantar fascia hypoechogenicity. The effect size (Cramer’s V) was
also reported (Cohen, 1988).

Intra-subject and inter-subject variabilities of plantar fascia
SWV were expressed as coefficient of variation percentage (CV%)
(standard deviation/mean � 100). Intraclass correlation coeffi-
cients (ICC) and Kappa value (j) were calculated to determine
the inter-rater agreement in the outcomes of plantar fascia thick-
ness/SWE and hypoechogenicity grading, respectively. Both ICC
and j values were reported along with the associated 95% confi-
dence interval. The level of agreement was categorized as: poor,
0 to 0.20; fair, 0.21 to 0.40; moderate, 0.41 to 0.60; substantial,
0.61 to 0.80; and almost perfect, 0.81 to 1.00 (Shrout and Fleiss,
1979).
3. Results

Except for the strike index, there were no differences in anthro-
pometries and running regimen between forefoot strikers and
rearfoot strikers at baseline (Table 1). Analysis of the B-Mode
images showed that the majority (65.7%) of the participants had
Grade I plantar fascia, while only 3 cases of Grade III plantar fascia
presented (Table 2). There were no significant differences in grad-
ing (p = 0.54, Cramer’s V = 0.19) and plantar fascia thickness
(p = 0.50, r = 0.10) between the two groups. Forefoot strikers exhib-
ited significantly lower plantar fascia SWV compared to the rear-
foot strikers (p = 0.01, Cohen’s d = 0.91).

A low intra-subject variability was observed in the measure-
ments of plantar fascia SWV, with CV for all recruited participants
ranging from 2.2% to 13.5%. Tests of inter-subject variability also
reported congruent results for the rearfoot strike group (CV:
9.0%) and forefoot strike group (CV: 10.8%). There were overall
good inter-rater agreements in the results of plantar fascia thick-
ness (ICC: 0.96, 95% CI: 0.91, 0.98), plantar fascia SWV (ICC: 0.98,
95% CI: 0.95, 0.99), and hypoechogenicity grading (j: 0.89, 95%
CI: 0.74, 1.04).
4. Discussion

This study performed elastographic measurements of the plan-
tar fascia to compare the results between runners using rearfoot
strike and forefoot strike patterns. In partial support of our hypoth-
esis, forefoot strikers produced significantly lower plantar fascia
elasticity than rearfoot strikers. However, the fascial thickness
and hypoechogenicity grade were similar between the two
conditions.

Our results echoed previous findings that the outcomes of con-
ventional ultrasound imaging and elastographic measurement to
the same plantar fascia can vary due to their different sensitivity
in identifying minor intrafascial changes (Kapoor et al., 2010). Gen-
erally, a plantar fascia more than 4 mm in the thickness is consid-
ered to relate to plantar fasciitis (Chen et al., 2013). Previous
studies reported a fascia thickness of 2.6–3.2 mm for the healthy
controls and 3.9–5.0 mm for patients with plantar fasciitis
(Abdel-Wahab et al., 2008; Chen et al., 2013; Ríos-Díaz et al.,
2015; Wu et al., 2015). Our measurements showed that most run-
ners, regardless of foot strike pattern, had a fascia thickness that
fell within the normal range. In addition, most runners had the
grade I plantar fascia in hypoechogenicity. While three cases of
grade III were identified, these participants reported no symptoms
during participation and could continue training without com-
plaints. The contrast in outcomes between conventional ultra-
sound imaging and elastography supported a statement that,
shear wave elastography had the potential to identify the ‘‘pre-
clinical” cases—individuals who are exhibiting biological tissue
changes but have yet to report positive symptoms (De Zordo
et al., 2009), though further study is required to determine the
cut-off value for differentiating injured persons from the healthy.

Previously, our image processing algorithm demonstrated a
good inter-rater reliability for muscle tissue evaluation
(Leonardis et al., 2017). Similar strong inter-rater reliability was
found with the plantar fascia. Previous studies using strain elastog-
raphy to examine the plantar fascia commonly adopted a qualita-
tive method to analyze the images (Lee et al., 2014; Ríos-Díaz
et al., 2015; Wu et al., 2015) (i.e., comparing the different color dis-
tributions in the histograms). Those methods could not reflect the
fascia elasticity quantitatively or facilitate between-study compar-
isons. Our measurements were quantitative, and the results sup-
ported the statement that the plantar fascia possessed an
elasticity similar to human tendon and ligament (Ryu and Jeong,
2017; Wearing et al., 2006). Our measured SWE values (6.20–
6.67 m/s) were slightly higher than those of Zhang’s study (approx-
imately 5.52 m/s) (Zhang et al., 2014) but lower than Shiotani’s
results (8.0–9.5 m/s) (Shiotani et al., 2019). The differences may
be attributed to the variances in experimental setups. Zhang
et al. (Zhang et al., 2014) did not control the imaging quality in
their elastographic measurements. Including pixels with poor
SWV measures would underestimate tissue elasticity due to the
substantial noise in the echo (Barr and Zhang, 2015). Shiotani
and coworkers (Shiotani et al., 2019) only recruited physical-
inactive persons, and they likely acquired the tissue elasticity from
a more tightened plantar fascia since the ankle was fixed at the
neutral position for examination.



Table 1
Anthropometries and running regimen of the participants (mean ± standard deviation).

Rearfoot strikers Forefoot strikers p value Effect size

Age (years)a 25.14 ± 4.64 26.85 ± 4.50 0.29 0.36
Height (m)b 1.71 ± 0.08 1.74 ± 0.13 0.38 0.14
Body Mass (kg)b 65.65 ± 9.70 65.57 ± 9.53 0.85 0.03
Body Mass Index (%)a 22.32 ± 2.31 21.42 ± 1.29 0.20 0.44
Shoes’ size (US)b 9.17 ± 1.19 9.61 ± 1.80 0.58 0.08
Running experience (years)b 11.00 ± 5.72 10.39 ± 6.86 0.73 0.05
Weekly running daysa 4.43 ± 1.43 4.21 ± 1.22 0.65 0.15
Single-run mileage (km)b 9.83 ± 3.61 9.89 ± 3.52 0.99 0.01
Weekly mileage (km)b 44.58 ± 24.53 43.95 ± 25.73 0.93 0.01
Usual running speed (m/s)a 11.45 ± 1.54 11.87 ± 1.25 0.41 0.28
Foot arch indexa 0.23 ± 0.01 0.23 ± 0.01 0.71 0.13
Strike index (%)b 26.38 ± 7.45 86.79 ± 8.57 <0.001 7.12

a tested by the Student-t test, effect size: Cohen’s d;
b tested by the Mann-Whitney U test, effect size: Cohen’s r.

Table 2
Outcomes of the ultrasound measurements (mean ± standard deviation).

Rearfoot Strikers Forefoot Strikers p value Effect size

Hypoechogenicity c Grade I 15 8 0.54 0.19
Grade II 5 4
Grade III 1 2

Plantar fascia thickness (10�3 m)b 3.08 ± 0.35 3.41 ± 0.89 0.50 0.10
Plantar fascia SWV* (m/s)a 6.67 ± 0.48 6.20 ± 0.56 0.01 0.91

* SWV: shear wave velocity;
a Tested by the Student-t test, effect size: Cohen’s d;
b Tested by the Mann-Whitney U test, effect size: Cohen’s r;
c Tested by the chi-square test, effect size: Cramer’s V.
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The present study showed that the plantar fascia SWV was
6.46% lower in forefoot strikers compared to rearfoot strikers.
Though that degree of reduction may not be clinically significant
because the runners had no symptoms, it suggested that forefoot
strikers had a less elastic plantar fascia than rearfoot strikers. Many
mechanical factors in running can cause elasticity alterations of the
plantar fascia. Most frequently they are associated with sports-
related overuse (Abdel-Wahab et al., 2008). Since the baseline
characteristics and running regimens were similar between the
two groups, the reduced fascial elasticity in forefoot strikers may
have resulted from their different running biomechanics. As
reported, the most influential changes in forefoot strike may be
the increased cadence (loading frequency) (Baggaley et al., 2017;
Goss and Gross, 2013; Kulmala et al., 2013) and larger plantar fas-
cia loading (Chen et al., 2019; McDonald et al., 2016). In addition, a
great number of forefoot strikers could not recall the precise date
on which they transitioned from rearfoot strike to forefoot strike.
As a result, their running experiences with forefoot strike were
likely less than the total running years as they reported, which
may underestimate the effects of forefoot strike on the fascial elas-
ticity and the subsequent differences in comparison to rearfoot
strikers. All these factors, in combination, could play a role in the
outcomes of the elastographic measurements. Due to the retro-
spective nature of the current study, it is not possible to conclude
a causal link between forefoot strike and reduced plantar fascia
elasticity, and the underlying mechanism for the elasticity differ-
ence. For more definitive insights, a prospective, controlled study
must be conducted in those who plan to modify their foot strike
patterns (Hamill and Gruber, 2017).

The present study may provide valuable information for the
runner community. A plantar fascia with reduced elasticity is less
resistant to strain and may render the runners to injuries caused
by tissue overstretch (e.g., plantar fasciitis). It is currently not pos-
sible to determine the extent to which the loss of fascial elasticity
in forefoot strikers would affect their running biomechanics or
their foot health, unless a longitudinal follow-up study is con-
ducted. Nonetheless, results from the current study suggest that
forefoot strikers may focus on strengthening their foot for better
protection of the plantar fascia, which has also been advocated
by others (Chen et al., 2016; Lynn et al., 2012). Research has found
that forefoot strike running could induce a higher loading on the
foot arch and increasingly tensioned the plantar connective tissues
(Kelly et al., 2018; McDonald et al., 2016). As a part of the loading-
sharing system of the foot arch (Kirby, 2017), intrinsic foot muscles
can shield the total arch loading for the plantar fascia during run-
ning. Habitual rearfoot strikers who tended to adopt forefoot strike
are suggested to train on their foot muscle strength (Huffer et al.,
2017), to take the strain off the plantar fascia. This may also be
advisable for runners already using forefoot strike but showing
signs of less elastic plantar fascia as presented in the current study.

This study has several limitations. First, the percentage of qual-
ified pixels within the cropped image was relatively low. The plan-
tar fascia is a deep structure overlaid by other soft tissues, and its
visualization is usually not ideal on elastography (Ríos-Díaz et al.,
2015). This is a problem commonly faced by research applying
ultrasound-based modality. Second, since we did not measure foot
muscle strength for the runners, the actual causes of the reduced
elasticity in forefoot strikers remain unclear. Finally, the relation
between SWV and tendinous elasticity (e.g., plantar fascia) is not
fully understood. The plantar fascia is unidirectionally fibrous,
and its varied thickness on the transverse plane could be a con-
founding factor influencing shear wave propagation and the value
of SWE read by elastography (Brum et al., 2014; Helfenstein-Didier
et al., 2016). Further investigation including measurement on the
fascial morphology and mechanical property in different directions
would be necessary for a better understanding of the nature of the
plantar fascia.

5. Conclusion

Shear wave elastography was applied to examine and compare
the plantar fascia elasticity between runners using rearfoot strike
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and forefoot strike. The results demonstrated that the fascial thick-
ness and hypoechogenicity on the gray-scale image were compara-
ble between the two groups. Forefoot strikers had a significantly
lower plantar fascia elasticity compared to rearfoot strikers. A
plantar fascia with reduced elasticity is less resistant to strain.
Overstrain could be the potential cause of plantar fasciitis.
Although it is unknown whether the loss of elasticity would influ-
ence the injury risk, forefoot strikers may wish to strengthen their
foot muscles to better protect the plantar fascia.
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