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In sports, there is a constant discussion about the hyper-pronation and
supination of the foot during loading and its relation to injuries or dis-
comfort. The purpose of the present study was to investigate the possi-
ble differences in the subtalar joint in the midstance phase of running,
between individuals with Pes Planus and Pes Cavus, after 5 min and 45
min of running. Thirty-four subjects, meeting the requirements for Pes
Planus (30 feet) and Pes Cavus (35 feet), according to the criteria for
Medial Longitudinal Arch-angle, were included in the study. The calca-
neal vertical angle, representing the eversion/inversion of the subtalar
joint, was measured using with two-dimensional digital analysis and
Dartfish Software with the subjects running barefoot on a treadmill, be-
fore and after 45 min of outside running wearing shoes. Both individuals

INTRODUCTION

In sports, there are constant discussions about hyperpronation
and supination of the foot during load and its relation to injuries
or discomfort. The terms refer to an excessive compensatory pro-
nation and supination that are not within the scope of normal ab-
sorption and/or surface adaptation or the prolonged phases of the
movements (Kannus, 1992).

In clinical practice, it is common to use the foot structure as a
predictor of its behavior under load. A previous study reported
that the structure of the Medial Longitudinal Arch (MLA) and the
position of the subtalar joint (STJ) axes affect each other inde-
pendently, were the MLA is lowered through the ST eversion and

with Pes Cavus and Pes Planus showed a significant increase in the
calcaneal eversion (P<0.05) after 45 min of running. Between the
groups, there was a significantly greater eversion of the Pes Planus, on
the right foot, after 45 min of running (P<0.05) compared to the Pes Ca-
vus. The effect of fatigue evident in the present study suggests that fur-
ther biomechanical research should be considered when exposing the
foot to the repetitive nature of running, conditions most likely responsi-
ble for the overrepresented overuse injuries among runners.

Keywords: Calcaneus deviation, Fatigue, Foot, Pronation, Subtalar joint,
Supination

vice versa (Subotnick, 1974). Based on this theory, Pes Planus (PP)
is often described as being more mobile and developing into hy-
perpronation, while Pes Cavus (PC) is more rigid and develops
into hypersupination. Pes Rectus rarely develops excessive com-
pensatory movement patterns. However, neither a characteristic
mobility nor a characterized biomechanical compensation pattern
under load (referring to the excessive or nonexcessive supination or
pronation) of a PC and PP has previously been established. Lack of
consistency in previous research and difficulties in comparing the
results of the studies due to the use of various measurement meth-
ods have been suggested as reasons (Williams and McClay, 2000).
There is no overall used measurement method to examine the
foot structure and behavior. In the clinic, it is most common to
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visually observe the foot; however, since these observations have
shown low reliability even among experienced investigators
(Razeghi and Batt, 2002), authors in earlier studies recommend
standardized measurements (Razeghi and Batt, 2002; Williams
and McClay, 2000).

One common foot structure measurement is the MLA-angle,
based on three points: medial malleolus, tuberositas ossis navicu-
laris and caput metatarsale 1 (Dahle et al., 1991; Nilsson et al.,
2012; Razeghi and Batt, 2002).

The Measurements of dynamic foot behavior during the stance
phase of running are often investigated by two-dimensional (2D)
digital analysis. The frontal plane motion in the STJ has been de-
scribed as particularly important during loading, especially in the
midstance phase of running where it is a main component of pro-
nation and supination. The calcaneal vertical angle (calcaneus to
the ground) (CV-angle) (Hunt et al., 2000; Johanson et al., 1994)
is one of many clinical measurements of the ST] frontal plane mo-
tions, where eversion/inversion are referred to as a calcaneal devia-
tion in a valgus/varus direction (Johanson et al., 1994).

Both the CV-angle under the stance phase of running (Borel et
al., 2011; Johanson et al., 1994; Stacpoole-Shea et al., 1998) and
the MLA-angle during walking (McPoil and Cornwall, 2005)
have been measured on a 2D digital freeze-frame image with a
digital angle measurement program. The CV-angle has shown ex-
cellent intrarater reliability (intraclass correlation {ICC}=1.00)
(Johanson et al., 1994) under the midstance phase of running. The
MLA-angle has shown excellent intrarater reliability (ICC=0.96
and 0.95) and substantial interrater reliability during walking
(ICC=0.67), with standard error of measurement of 0.8 grades,
interpreted as extremely low (McPoil and Cornwall, 2005).

In their study, Kaufman et al. (1999) presented an increased
risk of injuries in high- and low-arched runners compared to those
with normal arches. Meanwhile sports medicine literature has
blamed excessive pronation as the cause for nearly all maladies of
the lower extremities, further supported in other studies (Dahle et
al., 1991; Kannus, 1992). Finding typical foot structures validat-
ed to the dynamic behaviour during running could provide the
clinician with a valuable and quick assessment tool to separate ab-
normal structures (referring to PC and PP) and predispose abnor-
mal biomechanics (referring to hyperpronation and hypersupina-
tion) in order to plan a suitable treatment. However, there is no
evidence that a specific foot structure or dynamic foot behavior
during loading means an increased risk of injury (Buldt et al.,
2013). Without a consensus on what factors predisposes to inju-
ries, a validation tool for specific types of foot structure and dy-
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namic behavior would obviously lack clinical meaning.

Overuse injuries are the main reasons for running related inju-
ries and are obviously developed from the repetitive stride cycles,
characterized in running (Abt et al., 2011). Some researchers have
questioned the validation between a short running analysis and
the actual repetitive nature of running, as lasting for several min-
utes or hours. For example, Dierks et al. (2011) revealed that sub-
jects with patellofemoral pain syndrome did not show any com-
pensation patterns such as knee valgus until they reached a state
of fatigue. This is a great indication of the need for further studies
investigating runners in a fatigued state. The influence on a mid-
stance STJ motion by running has been investigated in several
studies, showing both significant (Clansey et al., 2012; Derrick et
al., 2002; Dierks et al., 2010) and nonsignificant alterations (Abt
etal., 2011; Hamill et al., 1988).

However, most studies use exhaustive running protocols. Ex-
ploring the foot under conditions representing the individual’s
regular running session might reveal new important information
about abnormal foot structure, and abnormal biomechanics and
what factors predispose one to injuries.

Therefore, the aim of the present study was to investigate the
possible differences in the frontal plane movement (eversion/in-
version) in the ST] among individuals with PP and PC, before
and after a 45-min run.

The first hypothesis was that both individuals with PC and PP
would be affected by the 45-min running session, showing an in-
creased eversion at the midstance phase. Furthermore, the second
hypothesis was that the eversion of PP would be more increased
after the running session, compared to PC.

MATERIALS AND METHODS

Participants

The participants volunteered on a public local running website.
Thirty-four healthy participants, with one or both feet measured
as PP (35 feet) or PC (30 feet), according to the criteria for
MLA-angle, (PP, 90°-130°; PC, 150°-180°), were included in
the study (Dahle et al., 1991). Women and men between the ages
of 18 to 65 were considered for participation. The participants
had to be familiar with running on a treadmill. Musculoskeletal
disorders and pathological disorders affecting movement and
function of the lower limbs or a history of pain or injury in the
lower limbs during the test period and the past 3 months prior
were considered as exclusion criteria.

Ethical approval was obtained from the Ethical Advisory Board
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in South East Sweden (Dnr EPK 204-2014), and the study was
conducted in accordance with the Declaration of Helsinki for Hu-
man studies.

Instruments

In the present study, a digital video camera (Andersson CAM
1.5, Net on net, Goteborg, Sweden) with 50 Hz and a shutter
speed of 1/2,000 sec was used in combination with the Dartfish
software (Dartfish Live v.5.5, Dartfish, Fribourg, Switzerland). The
camera was positioned at a height of 2 inches from the test surface
and three feet behind and perpendicular to the object (Stacpoole-
Shea et al., 1998). Dartfish is a computer-based software program
with video technology to facilitate movement analysis. It enables
the examiner to use slow-motion technology to take freeze frame
images and take measurements such as angles, distances and tim-
ing directly on the still images (Borel et al., 2011).

Procedures

Only one researcher, with 6 years of clinical experience with
foot examinations, was involved in the test procedure. However,
the researcher was blinded to group affiliation and order of test
occasion, with help from an external person. The test procedure
involving the recordings was done on one day, but the measure-
ments on Dartfish were made the following day.

Measurement of MLA-angle

No study investigating the reliability of Dartfish software mea-
suring the CV- or MLA-angle has been found. A test-retest was
done on the MLA-angle measurement, in 10 individuals in order
to classify the group of affiliation, PP or PC, and the percentage
agreement was measured to be 90%.

The participants stood on one leg, loading the body weight and
keeping a hand on a railing for stability. The foot was placed be-
hind previously marked front and side-lines on the treadmill;
while in this position, the investigator palpated and marked the
reference points on the participant’s skin with a fine ballpoint pen
(Razeghi and Batt, 2002). The exact points on the metatarsal
head, the navicularis and the malleolus were adapted according to
Nilsson et al. (2012). The still images were taken of the foot’s me-
dial side in the sagittal plane directly after the reference setting.
The digital goniometry in Dartfish allowed the examiner to man-
ually work with the computer mouse, in order to insert lines rep-
resenting the goniometric arms. The end- and start-point of the
lines were seen as a cross on the screen, and the lines were drawn
between the reference points to form a MLA-angle (Fig. 1).
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Fig. 1. Still image of the foot's medial side in the sagittal plane, with the Medi-
al Longitudinal Arch-angle as a result of the degrees of the screen.

Measurement of CV-angle

A pilot study was performed with a test-retest reliability proto-
col with 10 individuals, on the CV-angle measured during the
midstance on two different occasions. The procedure was exactly
the same as in the present study, including marking the reference
points on the foot and the Dartfish measurement. The interrater
reliability, measured with Spearman correlation coefficient, was
excellent (left foot, r,=0.92; right foot, 7,=0.79). The intrarater
reliability was excellent for the right foot (r,= 0.96) and moderate
for the left foot (r,=0.75). While the participant was lying in the
prone position, the midline of the calcaneus was marked with a
fine ballpoint pen, all according to Elveru et al. (1988).

The participants ran barefoot on the treadmill at a speed of 12
km/hr and had been asked to try barefoot running on a treadmill
twice during the 2 weeks prior to the test. The recording started
after allowing the participant 4 min to get used to the treadmill
running, 1 min of rest and another 1 min of running, and lasted
approximately 10 sec. Within 10 min after the run, the participant
put on regular running shoes and started to run for 45 min on
plain ground and asphalt at a comfortable jogging pace. After 45
min of running, the participants marked the exertion level by rat-
ing of perceived exertion (RPE) according to the Borg scale (Borg,
1998). Within 5 min after the running session ended, the same
barefoot treadmill running procedure was performed at 12 km/ht.

The slow motion function and the integrated stopwatch in
Dartfish allowed the examiner to time the stance phase (heel-
strike to toe off) and detect the exact moment that it was 50% of
the stance-phase, which was caught on a freeze frame image, rep-
resenting the foot and the lower leg in a posterior view. The pro-
gram’s grid was used in order to create a square, around which the
lower horizontal line was placed parallel and level to the ground.
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The function to manually insert the lines representing the gonio-
metric arms over the horizontal base in the square and the other
one over the line and in the same slope as the previously marked
center line on the calcaneus, all the way to the square outline (Fig.
2). The results of the calcaneal vertical angle were divided into the
following manners of operation: 90° angle to the horizontal base
(zero position, no movement), over 90° (varus, inversion) and less

than 90° (valgus, eversion).

Statistical analysis

Analytical, descriptive, statistics and 95% confidence interval
were used in the study. The analyses were performed in IBM SPSS
Statistics ver. 22.0 (IBM Co., Armonk, N, USA). Since no nor-
mal distribution could be predicted, and due to the small group
size, nonparametric tests were performed. To test the differences
within each group, Wilcoxons signed ranks test was used, and to

Fig. 2. Still image of calcaneus in the posterior view and the angle between
the base and the calcaneus, calcaneal vertical angle.

Table 1. Description of the study population

test between the group differences, Mann-Whitneys U-test was
used. Correlations between the measurement and the individual
parameters were calculated with Spearman correlation coefficient.
The level of significance was set at 5%.

RESULTS

Descriptive data on all of the participants in the study group
are presented in Table 1.

The results of the CV-angle, measured after 5 min and 45 min
of running, and the differences between these two protocols are
shown in Table 2A. Values lower than 90° represent eversion and
greater values represent inversion. Table 2B shows the values for
the PP experimental group and Table 2C presents the measure-
ments for the PC group.

There were no significant differences between the two groups
PC and PP, after 5 min of running, suggesting that there was no
relationship between the foot structure and the STJ frontal plane
motion. The PP group showed significantly greater eversion on
the right foot, after 45 min (P <0.05) compared to the PC group.
No significant differences were found between five to 45 min of
running, in either group, suggesting that the results of our study
show a tendency that individuals with low arches have a greater
eversion after 45 min of running but not after the 5-min run.

Both the PC group and the PP group showed significantly in-
creased eversion on both their feet (P <0.05) after 45 min of run-
ning. This suggests that our hypothesis that the foot is affected by
a running session, showing increased eversion in spite of high or
low arches, is true.

There was a positive significant correlation (r=0.46, P <0.006)
between the individual’s own experience of running habits and the
measurement of the CV-angle of the right foot after 45 min of run-
ning. Thus, individuals with less running habits showed a greater
amount of eversion after 45 min of running than those with more

Variable Study group (n=34) Male (n=14) Female (n=20)
Age (yr), mean (range) 36.7 (22-55) 42,6 (25-55) 32.6(25-55)
Height (cm), mean (range) 173 (144-198) 182 (170-198) 166 (158-175)
Weight (kg), mean (range) 67 (44-86) 77 (65-86) 60 (44-73)
BMI (kg/m?), mean (range) 22.6(18.7-26) 234(21.1-25.6) 22.1(18.7-26)
Foot size (cm), median (range) 40 (35-45) 43 (40-45) 38(35-41)
Habit of running®, median (range) 4(1-5) 3(1-5) 4(1-5)
Borgsscale', median (range) 13(10-18) 13(10-18) 13(10-18)

BMI, body mass index.

*Number of running sessions per week: 1, 0; 2, 1 time/wk; 3, 2-3 times/wk; 4, 4-5 times/wk; 5, or more. 'Level of effort 6-20.
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Table 2A. The angle in degrees between the calcaneus and ground of all subjects after 1 min and 45 min of running

Left foot (n=34)

Right foot (n=31)

1Min 45 Min Diff

1 Min 45Min Diff

87+2.40 85+2.90 -2+1.70

86.7+3.33 85.1+4.00 -1.8+2.03

Table 2B. The angle in degrees between the calcaneus and to the ground in the experimental group Pes Planus after 1 min and 45 min of running

Left foot (n=15)

Right foot (n=15)

1Min 45 Min Diff

1Min 45Min Diff

86.7+2.42 84.6+2.52 -2.1+169

85.5+2.78 83.6+3.65 -1.9+2.42

Table 2C. The angle in degrees between the calcaneus and to the ground for the experimental group Pes Cavus after T min and 45 min of running

Left foot (n=19)

Right foot (n=16)

1Min 45 Min Diff

1 Min 45Min Diff

87.3+2.46 85.4+3.29 -1.9+1.78

87.7+3.47 86.3+3.95 17174

Values are presented as mean + standard deviation.
Diff, difference.

running habits. A positive significant correlation (r=0.508,
P <0.002) was also found between the habits of running and the
differences in the degrees of the calcaneal vertical angle on the
right foot, meaning that the amount of eversion was higher in the
low arches and increased more after the running session.

DISCUSSION

The aim of the present study was to investigate the effects of fa-
tigue and its contribution to new unrevealed information about
abnormal foot structures, abnormal biomechanics, and factors that
predispose one to injuries. The different effects of fatigue for the
PP and the PC groups, found in the present study, could indicate
that the differences between the PC and PP dynamic behavior do
in fact exist, but first in a fatigue state. Both the PC and the PP
groups showed an increased eversion after the 45-min running
session, which supports our hypothesis. The hypothesis of fatigue
affection was made upon presumptions that prolonged running
would cause muscle fatigue and decrease the efficiency of the anti-
pronatory muscles. The results are in agreement with earlier stud-
ies testing the effects of running induced fatigue on rearfoot mo-
tion (Clansey et al., 2012; Derrick et al., 2002; Dierks et al.,
2010). Clansey et al. (2012) showed that there was an increase in
the peak rearfoot eversion after two periods of 20-min running
under the lactate threshold. Derrick et al. (2002) also found a sig-
nificant increase in the maximal rearfoot eversion, as much as
20% after a 3,200-m pace. As in the present study, Dierks et al.
(2010) discuss the importance of simulating the individual’s typi-
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cal running session. Therefore, they investigated subjects running
on a treadmill at a self-selected speed until they reached their typ-
ical training level of exhaustion. The same results were found in
the high intensity studies (Clansey et al., 2012; Derrick et al.,
2002; Dierks et al., 2010). However, the results in the present
study are in contrast to that of Abt et al. (2011) and Hamill et al.
(1988) where they found no effects from fatigue on the rearfoot
motion during midstance, using high intensity running.

In order to collect potential information about the complexities
of fatigue, several individual parameters were tested for correla-
tions with the STJ motion. The general exhaustion, as rated on
the RPE Borg scale (Borg, 1998), did not show any correlation to
the altered kinematics, suggesting that the individual differences
of the fatigue effect might be found in the local foot. Ferber and
Pohl (2011) have investigated the importance of fatigue of Mm.
Tibialis posterior, by using isolated muscle work but no signifi-
cant difference was found on the running step (Ferber and Pohl
2011). The passive plantar structures have also been described as
being of importance for the MLA (Jastifer and Gustafson, 2014).
A creep might contribute to an increased eversion of the ST7J.
More studies investigating the active and passive structures’ reac-
tion on fatigue might contribute to further understanding of the
complexities of the foot in relation to fatigue.

The second hypothesis in the present study was that PP would
be more affected by fatigue, showing an increased amount of post
run eversion compared to PC. Since there were no significant dif-
ferences between the PP and PC, after 5 min of running, it would
indicate that those with PP are more affected by fatigue. The rea-
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son for a side discrepancy between the right and the left foot is
unknown. Due to the lack of similar studies, the hypothesis that
PP would be more affected by fatigue was made through pre-
sumptions. The MLA-angle has been associated with a larger de-
formation in the midstance during running (McPoil and Corn-
wall, 2005), which would indicate a greater MLA deformation in
the PP than the PC. The increased MLA-deformation might in-
crease the creep in the passive structures and thereby increase fa-
tigue in the dynamic stabilizers of the arch, responsible for
anteversion of the STJ. One study measured the static foot pos-
tures during bilateral standing before and after a half marathon
run (Cowley and Marsden, 2013). Subjects with a higher prerun
n-height showed a significantly greater drop postrun. However,
Cowley and Marsden (2013) discussed the nonperformed normal-
ization of the n-height since larger feet show higher values and are
more sensitive to changes.

The present study showed no significant differences between
non fatigue PC and PP. To the best of our knowledge, no similar
studies have been done investigating the relationship between 2D
freeze frame images of the CV-angle and the MLA-angle. Two
previous studies used the same static MLA-angle and found no
prediction of a three-dimensional (3D) rearfoot eversion either
during walking or running (Hunt et al., 2000). Earlier studies us-
ing different methods have shown some correlations during run-
ning (Lee and Hertel, 2012), while others have shown a lack of
correlations during walking (Hunt et al., 2000), and running
(Nigg et al., 1993). However, these studies report no information
about the foot structure being related to the abnormal biome-
chanics. Studies investigating the differences in defined groups of
PP and PC found significantly greater and delayed rearfoot mo-
tion in the PP during running, compared to the PC (Barnes et al.,
2011). According to a systematic review by Buldt et al. (2013)
there was some evidence for increased rearfoot eversion during
gait, in a defined group of PP feet, but this was limited by small
effect sizes. Studies investigating the effect of defined groups of
PP and PC on the subtalar motion data might be a lot more use-
ful in the clinics, giving clinicians a quick tool to separate the ab-
normal foot structures from the normal ones and predict abnormal
dynamic behavior in order to find a suitable treatment. However,
a limitation of the present study is the exclusion of the PP. There
seems to be a lack of investigations including all three-foot struc-
tures in earlier running research. Since both high and low arches
have been shown to have an increased risk of injury compared to
the normal arches (Kaufman et al., 1999), a comparison of the PR
would be of great interest. The reasons for the higher risks in the
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PC and PP have been found to be due to the abnormal pronation
for the PP and the decreased shock attenuation ability in the PC
(Williams et al., 2014).

The foot mobility is a somewhat new and interesting character-
ization of the foot suggested to explain the dynamic behavior in
the independency of the foot structure (Williams et al., 2014).
Mobile HA runners have shown different compensation patterns
closer to the LA, with increased eversion and decreased impact
load (Williams et al., 2014).

Repetitive impact forces are encountered during running and
can lead to overuse injuries. The ST] motion is important for
shock attenuation and the increased eversion in both the PC and
the PP seen in the fatigue state might have an impact on predis-
posing injuries. However, Abt et al. (2011) found no significant
changes for either rearfoot or shock attenuation in women distance
runners. Clansey et al. (2012) showed an increase in both the ever-
sion and the impact load in well trained and competitive distance
runners. Derrick et al. (2002) found an increased eversion and de-
creased impact load, hence, increased shock attenuation in recre-
ation runners during a prolonged run. Thus, there are contrasting
results as to whether or not an increased eversion is an optimal
STJ motion to reduce the impact during a prolonged run. Higher
shock attenuation is associated with higher oxygen cost (Derrick
et al., 2002). In the present study, the individual s own experience
of running habits was the only parameter impacted by fatigue,
showing that decreased running habits resulted in a significantly
greater amount of eversion and also significantly increased ever-
sion postrun compared to prerun, on the right foot. Further re-
search is needed to find out more about the complexities of run-
ning induced fatigue and its links to injuries.

The MLA-angle has been highlighted, compared to anthropo-
metric measurements, since it composes both the arch-height and
the length (Williams and McClay, 2000). The skeleton reference
points of the MLA-angle have also been stated as being more valid
compared to the measurement along the foot’s soft tissue (McPoil
and Cornwall, 2005; Williams and McClay, 2000). During the
measurement of the MLA-angle, the subject stood on one leg.
Less bodyweight, such as 10%, has shown higher reliability, sug-
gesting more body weight complicates the palpation (Williams
and McClay, 2000). Although the reference points are relatively
easy to identify and well used clinical palpation points, it is, how-
ever, surprising how nonspecifically the reference points are de-
scribed in previous studies (Nilsson et al., 2012).

In the present study, further potential sources of error have been
taken into consideration, for example, the use of a fine ballpoint
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pen since thickness of the pen has been shown to be significant
with the degree of errors. Furthermore, the center line was marked
only once in each subject. The examiner used a pen-marked center
line of the calcaneus, while numerous studies have used a hypo-
thetical midline during the angle measurements (Elveru et al.,
1988; Stacpoole-Shea et al., 1998).

The digital goniometry used for both the MLA-angle and the
CV-angle has practical advantages, as the reference lines could be
added one at a time and be rectified. Borel et al. (2011) used
Dartfish for measurements of the knee flexion during the mid-
stance gait and showed improved reliability, compared to visually
observing the subjects in Windows media player.

A potential limitation of the study is the validation between
running with shoes on and barefoot running. The research pres-
ents an ongoing debate about this, however, concerning the rear-
foot a systematic review by Hall et al. (2013) shows that there is
very limited evidence that the amount of eversion or maximal
eversion angle is reduced or occurs earlier during the barefoot run-
ning compared to running with shoes. Since having a barefoot
subject also simplifies the use of external markings, it seems sensi-
ble to use subjects without shoes. As in similar earlier studies, the
subjects used their own running shoes during the 45-min run.
They were informed not to use a minimalistic shoe, thus, various
motion control, and cushioning shoes from different brands were
used. However, even if the possibility of shoe affection between
individuals exists, running with shoes on might also have more
accurately reflected a real-life situation for each runner.

Another potential limitation of the study is assuming that the
values obtained from the CV-angle represent the movements at
the ST]J, eversion/inversion. Even if Cornwall and McPoil (1995)
has demonstrated that the differences between the 2D and 3D
analysis of rearfoot motion are minimal, if the stance-phase does
not extend over the first 60%, it will always be a risk to use sim-
ple measurement tools to explain the complex biomechanical sys-
tems. However, other equally important aspects that symbolize
good clinical evaluation methods besides validity and reliability
are clinical usefulness. The 2D analysis used in the present study
is time effective and requires a relatively simple computer, Dart-
fish Software, and a video camera, in contrast to the high cost of
the equipment in 3D analysis. The 2D analysis with digital angle
measurements has also shown acceptable reliability both in the
present and earlier studies; moreover, it is better than both visual
assessment and standard goniometry frequently used in daily clin-
ics (McPoil and Cornwall, 2005). More studies of reliability and
validity against 3D analysis are needed to establish the use of 2D
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analysis and digital angle measurement programs in the clinic. In
order to establish better quality evidence, it is also desirable to de-
velop a greater consensus for the kinematic foot measurement in
future research.

In summary, our results demonstrate that static measurements
of the MLA-angle would not be of assistance in predicting the
biomechanical patterns of the subtalar joint (CV-angle) during
running. However the PP and PC displayed an increased eversion
motion in the STJ after 45 min of running, compared to a few
minutes of running, which questions the validity of using a short
running analysis in biomechanical research. More studies investi-
gating the running induced fatigue are needed to clarify the rela-
tionship between foot structures, biomechanical patterns, and fac-
tors that predispose one to injuries.
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