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Abstract: Background: Authors refer to different methods to assess subjects’ foot posture. All
methods present several limitations depending on the examiner or the chosen test. This study
aims to investigate the relationship between different tests and Footprints parameters to diagnose
subjects with a flat and neutral foot. Methods: The sample consisted of 37 participants, where 16
were included in the flatfoot group and 21 in the neutral foot group. Only subjects who presented
a Navicular Drop Test value of >9 mm were included in the flatfooted group. All participants
were submitted to Resting Calcaneal Stance Position and plantar pressure platform assessment for
Footprints analysis. Associations between all tests and Footprints parameters were determined by
Pearson’s correlation analysis. Results: Regarding both groups, significant correlations between tests
were moderate to nearly perfect to identified both conditions of foot posture. All correlations were
statistically significant (p < 0.05). Conclusions: The diagnosis accuracy of foot posture condition can be
compromised depending on the used test. The Navicular Drop Test and the Resting Calcaneal Stance
Position were shown to mislead foot posture condition assessment, unlike Footprints parameters
that can be important evaluation tools in a clinical environment.

Keywords: FootPrint; navicular drop; pes planus

1. Introduction

The body requires sensitive inputs of lower limbs proprioceptive receptors relative
to several environmental alterations [1–3] as several sensorimotor receptors’ feedback,
namely plantar pressure, visual system, and vestibular alterations to maintain postural
stability [1,4–6]. The foot skeleton alignment, known as foot posture, varies for each
individual [7]. The foot complications are related to impaired mobility and postural
stability, having a detrimental impact on the quality of life [2,8], and are also related to
inadequate footwear use [9]. Those alterations are reported as a common concern in
the community [2,8] as static and dynamic postural controls are required during daily
living activities and can be impaired [10,11]. Thus, foot posture, through altered lower
limb motion patterns, can induce injuries [12,13] and has been associated with abnormal
foot motion during gait and posture [9,14–19]. In addition, foot posture variations can
induce plantar pressure pattern alterations, which consequently alter the proximal lower
limb joints’ range of motion [7,9]. Foot posture is usually classified into three categories,
neutral (NF), cavus (CF), and flatfoot (FF), with respectively normal high and low medial
longitudinal arch height. This last one is often characterized by calcaneus plantarflexion
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and eversion relative to the tibia, talus plantarflexion, navicular dorsiflexion, and forefoot
supination [20–22]. In FF subjects, the medial longitudinal arch varies and can modify
plantar pressure along the foot, which can affect shock absorption, muscular activity,
stability, and, therefore, gait pattern [23,24].

Several methods are commonly used by practitioners to identify alterations to di-
agnose those conditions but present several limitations [23–25]. According to several
authors, practitioners can use visual observation, radiographs, FootPrints, or clinical mea-
surements [26]. The most and easily used test remains the Navicular Drop Test, which is
used to quantify subjects’ hyperpronation. This test value describes the height differences
between navicular tuberosity in a neutral position compared to the relaxed posture [23],
where values higher than 9 mm are associated with FF condition [1], while others refer to
values higher than 10 mm. Furthermore, values between 5 to 9 mm identify subjects with
NF [1,27]. This test is considered a cheap, easy, and rapid method [24]. Other tests can be
used to assess foot posture conditions, including the Arch Angle, Resting Calcaneal Stance
Position, Arch Index, FootPrint Index, Chippaux-Smirak Index, or even the Staheli Index [23–25].
All the assessment methods have several limitations depending on the examiner or the
chosen test [23–26]. FootPrints methods, according to Zuil-Escobar et al. (2019), are all
non-invasive. The ink methods present several biases, such as inaccuracy, and are prac-
titioner dependent, while digital systems are expensive although user-friendly and very
useful in both clinical and investigation practice [23,24,26,28]. Finally, Resting Calcaneal
Stance Position is a simple method and can be used quickly in a clinical environment using
few resources [25]. No previously mentioned methods have any side effects on testes
subjects [23,24].

Concerning all methods, the Arch Angle corresponds to the angle created between the
medial line and the most medial aspect of the metatarsus, where values > 42◦ represent
the FF condition [23,29,30]. The Resting Calcaneal Stance Position is the angle formed
by the calcaneus, a perpendicular line to the ground, where values > 4◦ represent the FF
condition [25]. The Arch Index corresponds to the ratio between the middle third area
and the entire toeless FootPrint area. A higher value represents FF conditions [29,30]. The
FootPrint Index is described in the literature by Cavanagh et al. (1987) as the ratio of the non-
contact to the contact area, excluding the toes [30,31]. The authors identified values > 0.26 as
hyperpronation conditions [29]. The Chippaux-Smirak Index represents the ratio between
the midfoot area minimal distance and the forefoot area maximal distance [24,26,30], and
finally, the Staheli Index refers to the minimal midfoot distance ratio to the maximal rearfoot
distance [30].

In our research, only a few papers related both the sensibility and specificity of those
tests. The Chippaux-Smirak Index presented an 87.6% sensitivity and an 88.4% specificity,
and the Arch Index presented an 89.2% sensitivity and an 80.6% specificity [28]. Although
modifications of the Navicular Drop Test, namely the Normalized Truncated Navicular
Height, presented a sensitivity of 88.1% and a specificity of 99.5% [32], and the Navicular
Index presented a 86% sensitivity and 75% specificity [33], few studies have investigated
the associations between those tests. The Arch Index is the only method that depends
on the toeless foot contact area while the others evaluate different fore- mid- or hindfoot
parameters [23,34]. The papers that related correlations between few various tests present
moderate to low values between tests but strong values for the inter- and intra-reliability,
making them useful and easy to apply in the clinical environment [23,25,30]. However,
they did not investigate several test correlations, such as the Resting Calcaneal Stance
Position [23,24,30], Arch Index, or FootPrint Index [23,24].

Given the diversity of methods, this study aims to investigate the correlations be-
tween the Navicular Drop Test, Resting Calcaneal Stance Position, Arch Angle, FootPrint
Index, Arch Index, Chippaux-Smirak Index, and Staheli Index among subjects with FF and
NF conditions.
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2. Materials and Methods
2.1. Participants

This observational, correlational descriptive study was carried out at the RoboCorp
Laboratory—Physiotherapy, at the Polytechnic Institute of Coimbra after the Ethics Com-
mittee of Polytechnic Institute of Coimbra (13_CEPC2/2019) approval based on the revised
version of the 2013 Declaration of Helsinki [35,36]. The sample size was calculated using
the G * power 3.1.5 software (G* power 3.1.5, Kiel, Germany) based on the study previously
published by Zuil-Escobar et al. (2018) [23]. A required sample size of 13 was determined
by achieving an estimated alpha level of 0.05 and a power of 0.95. Consequently, 37 vol-
unteer individuals aged between 18 and 35 years old were recruited for this scientific
research. Before any assessment, all subjects were informed about the study’s purpose and
procedures benefits, and risks involved were explained to each participant. Subjects were
guaranteed that they could withdraw at any time without justification and asked to provide
informed consent. Thirty-seven volunteers met eligibility (Table 1). The inclusion in the
study was limited to subjects who presented bilateral FF and bilateral NF participants,
aged between 18 to 40 years old. The FF group encompassed subjects that presented a
> 9 mm Navicular Drop Test score while the NF group involved participants with a 5–9 mm
Navicular Drop Test score. All participants were submitted to the Navicular Drop Test
to identify whether they had a FF or a NF as this test is clinically used by practitioners
worldwide. This procedure was realized by a single physiotherapist with more than 6 years’
experience in the use of these techniques. Thus, subjects who presented the following
exclusion criteria were not included in this study: (a) ankle sprain in the last 6 months; (b)
physiotherapy treatment program or history of ankle injury; (c) bone fracture associated
with an ankle sprain, such as avulsion fracture or osteochondral; (d) ankle surgery; (e)
subjects with unilateral FF and NF condition; (f) subjects aged less than 18 and higher than
40 years old; Then, the FF group consisted of 16 bilateral FF participants comprising a total
of 32 feet while the NF group consisted of 21 bilateral NF subjects comprising a total of
42 feet.

Table 1. Sample characteristics.

N Minimum Maximum Mean Standard Deviation (SD)

Age (years)
37

18 35 23.10 4.30
Height (m) 1.47 1.85 1.70 9.55
Weight (kg) 46.90 116.00 74.51 15.44

Characteristics of the entire sample.

2.2. Procedures
2.2.1. Assessment

Both NF and FF conditions were evaluated regarding the same assessment procedure
bilaterally in a weight-bearing barefoot stance position. The navicular drop was evalu-
ated using the Navicular Drop Test, where three measurements’ mean value defined the
navicular drop. The practitioner placed a rigid plastic-made ruler perpendicularly to the
ground and registered the ground-navicular bone distance (in millimeters). Then, the
practitioner inverted the talus into a neutral position and repeated the procedure. The
difference between both assessment positions quantified the navicular drop severity [1].
Then, the Rearfoot-to-leg angle was assessed using the Resting Calcaneal Stance Position
test, where three measurements’ mean values defined the angle. This angle is formed by
the longitudinal bisecting line of the calcaneus and the longitudinal bisecting line of the
distal third of the leg, which was drawn by the investigator in a prone position, regarding
the methodology previously used by Tsai et al. (2006). This angle was measured using a
rigid plastic goniometer (Enraf-Nonius B.V, Rotterdam, The Netherlands) [37]. Finally, a
bilateral digital FootPrint was recorded using a plantar pressure platform with a 100Hz
frequency (PhysioSensing-Sensing Future Technologies, Coimbra, Portugal) for further
analysis of specific FootPrint parameters, namely the Arch Angle, FootPrint Index, Arch
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Index, Chippaux-Smirak Index, and Staheli Index. The FootPrints assessment was realized
with subjects in a relaxed upright position, and they were asked to maintain focus on a
reference point for 5 s to stabilize the position before recording the data. If any participants
failed to maintain their position, the trial was repeated.

2.2.2. Data Processing and Analysis

The primary outcomes collected were the Navicular Drop Test and the Resting Cal-
caneal Stance Position scores, which correspond to mobility foot tests of all subjects during
a weight-bearing stance. As secondary outcomes were calculated through the FootPrint
parameters, the Arch Angle, FootPrint Index, Arch Index, Chippaux-Smirak Index, and Sta-
heli Index. The Navicular Drop Test and the Resting Calcaneal Stance Position scores were
obtained using the mean results of the three collected scores, calculated using the IBM SPSS
Statistics 27.0 software (IBM Corporation, Armonk, NY, USA). With the exception of those,
all the FootPrints parameters resulting from the plantar pressure platform assessment were
obtained through specific processing steps. All data were initially converted to an image
format to be processed using the Image J software (National Institute for Health, Rockville,
MD, USA). In addition, all Footprint parameters scores were calculated individually by the
investigator regarding previously mentioned angles, entire foot contact area and, fore-mid
and rearfoot toeless contact area.

2.3. Statistical Analysis

The data were statistically processed with the IBM SPSS Statistics 27.0 software (IBM
Corporation, Armonk, NY, USA). The descriptive statistics, mean and standard deviation,
were calculated for all variables regarding both groups, the NF, and FF groups. Associations
between all tests and indexes were therefore established by Pearson’s correlation analysis.
The level of significance was set at 5% (p < 0.05).

3. Results
3.1. Sample and Groups Characteristics

In the procedure, 32 FF and 42 NF were identified (Table 1). Subjects were identified
and allocated into different groups through the Navicular Drop Test score assessment
(Table 2).

Table 2. Groups characteristics.

Group n NDT (mm) RCSP (º) AA (º) FPI (Score) AI (Score) CSI (Score) SI (Score)

NF 21 5.36 ± 2.31 2.15 ± 1.74 43.86 ± 5.34 0.28 ± 0.05 0.22 ± 0.06 0.36 ± 0.14 0.48 ± 0.20
FF 16 11.23 ± 1.45 4.72 ± 1.56 61.13 ± 12.21 0.23 ± 0.06 0.25 ± 0.05 0.43 ± 0.14 0.53 ± 0.17

Mean ± Standard Deviation; NF: neutral foot group; FF: flatfoot group; NDT: Navicular Drop Test; RCSP: Resting Calcaneal Stance Position;
AA: Arch Angle; FPI: FootPrint Arch Index; AI: Arch Index; SI: Staheli Index; CSI: Chippaux-Smirak Index.

3.2. Neutral Foot Subjects

Considering the result values for the NF group, none of the correlations presented
statistically significant results between Navicular Drop Test and the others (p > 0.05) as
well as the Resting Calcaneal Stance Position correlations (p > 0.05). FootPrint parameters
presented absolute values ranging from 0.341 to 0.965, corresponding to a moderate to
nearly perfect correlation. All those correlations were statistically significant (p < 0.05)
except for the Arch Angle/Staheli Index correlation (Table 3 and Figure 1).
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Table 3. Pearson’s correlation values of the neutral foot group between all tests.

RCSP AA FPI AI CSI SI

NDT
Correlation value 0.267 −0.193 −0.018 −0.011 −0.005 −0.029

p-value 0.087 0.259 0.917 0.949 0.978 0.868

RCSP
Correlation value −0.269 0.084 −0.076 −0.052 −0.036

p-value 0.112 0.627 0.658 0.764 0.834

AA
Correlation value 0.443 −0.434 −0.341 −0.303

p-value 0.007 0.008 0.042 0.072

FPI
Correlation value −0.901 −0.850 −0.813

p-value 0.000 0.000 0.000

AI
Correlation value 0.928 0.918

p-value 0.000 0.000

CSI
Correlation value 0.965

p-value 0.000

NDT: Navicular Drop Test; RCSP: Resting Calcaneal Stance Position; AA: Arch Angle; FPI: FootPrint
Index; AI: Arch Index; SI: Staheli Index; CSI: Chippaux-Smirak Index.

3.3. Flat Foot Subjects

Regarding the FF group, none of all correlations presented statistically significant
results between Navicular Drop Test and the others (p >0.05). Alongside these, the Resting
Calcaneal Stance Position correlations did not present significant results (p > 0.05) either.
Otherwise, the other tests, relative to the FootPrint assessment, showed absolute values
ranging from 0.353 to 0.955, corresponding to moderate to nearly perfect correlation [38].
All those correlations were statistically significant (p < 0.05) (Table 4 and Figure 2).

Table 4. Pearson’s correlation values of the flatfoot group between all tests.

RCSP AA FPI AI CSI SI

NDT
Correlation value 0.279 0.190 0.181 −0.123 −0.224 −0.228

p-value 0.122 0.297 0.321 0.502 0.218 0.208

RCSP
Correlation value −0.161 0.079 −0.157 −0.113 −0.100

p-value 0.378 0.668 0.390 0.539 0.584

AA
Correlation value 0.590 −0.509 −0.430 −0.353

p-value 0.000 0.003 0.014 0.048

FPI
Correlation value −0.943 −0.885 −0.868

p-value 0.000 0.000 0.000

AI
Correlation value 0.906 0.867

p-value 0.000 0.000

CSI
Correlation value 0.955

p-value 0.000

NDT: Navicular Drop Test; RCSP: Resting Calcaneal Stance Position; AA: Arch Angle; FPI: FootPrint
Arch Index; AI: Arch Index; SI: Staheli Index; CSI: Chippaux-Smirak Index.
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4. Discussion

Many studies use these methods to assess foot posture, but few have made a corre-
lation between them. Contrary to our study, previous works regarded just a few tests to
assess accuracy, reliability, and correlations, or just with the inclusion of FF subjects or even
without foot posture assessment inclusion criteria.

In FF subjects classified by the Navicular Drop Test, we did not find any statistically
significant correlations between the Resting Calcaneal Stance Position and the Navicular
Drop Test (p > 0.122/r = 0.279). In our research, no papers relating the association between
those two previous tests were found. In addition, no statistically significant correlation
was found between the Resting Calcaneal Stance Position and any FootPrint parameters
(p > 0.05). Our results regarding the Navicular Drop Test correlations with the FootPrint
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parameters are controversial compared to the two previous papers. We did not find any
statistically significant results in the FF (p > 0.05). Though, Zuil-Escobar et al. (2019) found
in FF subjects, statistically significant results (p < 0.01) between the Navicular Drop Test
and the Arch Angle (r = −0.732), Staheli Index (r = 0.788), and Chippaux-Smirak Index (r =
0.722) where absolute values corresponded to very high correlation values [24]. Alongside
this, in another study, Zuil-Escobar et al. (2018) found in subjects without any foot posture
inclusion criteria, the same statistically significant results (p < 0.05) for several correlations
namely the Arch Angle (r = −0.643), Staheli Index (r = 0.633), and finally Chippaux-Smirak
Index (r = 0.614) [23]. These results and this controversial finding can be due to functional
alterations present in FF individuals. Literature shows that greater and complex mobility of
the foot is present in FF compared to NF as well as a larger range of motion variability [1].
This greater foot mobility can also lead to further impairments, such as lower limb mechan-
ical imbalance, decreased postural stability, or several pathological complications [1,27].
Furthermore, Alonso-Montero et al. (2020) stated the existence of great variability among
foot posture based on the Footprint evaluation realized through the analysis of the angle be-
tween the fore- and rearfoot. They referred to a more precise need for footwear adequation
to prevent further associated complications [9]. Moreover, the Navicular Drop Test and
the Resting Calcaneal Stance Position are two tests that do not assess the foot area contact
to the ground, instead of FootPrint parameters. Baumfeld et al. (2017) found that several
tendons and muscle contracture can lead to increased load transfer from the hindfoot to the
forefoot [39]. Similarly, Fernandez-Seguin et al. (2014) referred to controversial results re-
garding plantar pressure distribution in NF subjects between fore- and hindfoot distributed
pressure load [40]. The Navicular Drop Test refers to midfoot mobility to assess foot posture
while the Resting Calcaneal Stance Position, to the hindfoot. However, FootPrint parame-
ters suggest the whole assessment of foot posture by sole load distribution. This can lead to
an incorrect foot posture assessment, increasing the controversial assessment methods [8].
Concerning the FootPrint parameters, few indexes were investigated regarding the entire
toeless foot contact with the ground in the FF group. Correlations between the Arch Angle
and the remaining FootPrint parameters, which correspond to absolute moderate to high
values (r = 0.353−0.590), presented statistically significant results (p < 0.05), respectively.
Those results follow Zuil-Escobar et al. (2019), who found significant results among the
Arch Angle/Staheli Index and Arch Angle/Chippaux-Smirak Index correlations. How-
ever, there was a discordance about the correlation coefficient since the authors found a
higher coefficient respectively nearly perfect absolute scores (r = 0.901−0.930) [24]. Finally,
all the correlations between the other FootPrint parameters, the FootPrint Index, Arch
Index, Chippaux-Smirak Index, and Staheli Index, presented statistically significant results
(p = 0.01) with absolute very high and nearly perfect coefficient scores (r = 0.875−0.964).
The Chippaux-Smirak Index/Staheli Index correlation followed the results found by Zuil-
Escobar et al. (2019), which was statistically significant (p = 0.01/r = 0.931) [24]. Therefore,
since the Staheli Index is related to the mid-hindfoot and the Chippaux-Smirak Index to the
fore-mid foot, this accordance among the Chippaux-Smirak Index/Staheli Index correlation
can state an entire foot complex analysis and inner relationship.

Likewise, in the NF group, concerning the correlation between the Navicular Drop
Test and the Resting Calcaneal Stance Position, we did not find a statistically significant
correlation (p > 0.087/r = 0.267). In this group, the result seemed to be quite identical
for the correlations of FootPrint Index, Arch Index, Chippaux-Smirak Index, and Staheli
Index compared to the FF group. Yet only the Arch Angle/Staheli Index correlation
did not show statistically significant results (p = 0.072/r = −0.303), while the other Arch
Angle correlations showed statistically significant results (p < 0.05). These results are in
discordance with those found by Zuil-Escobar et al. (2018). In their study, the authors
related statistically significant results for the Arch Angle, Staheli Index, and Chippaux-
Smirak Index correlations (p < 0.05), displaying absolute values ranging from 0.838 to 0.881,
corresponding to a very high coefficient [23]. Likewise, the Staheli Index/Chippaux-Smirak
Index correlation statistically significant result (p < 0.01/r = 0.965) follows those reported by
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Zuil-Escobar et al. (2018) who found a statistically significant positive very high correlation
coefficient (p < 0.05/r = 0.881) [23]. Though, since the Arch Angle is characterized by the
angle between the medial line and the most medial aspect of the midfoot area, the load
distribution negatively influences this variable leading to a misunderstanding of the score
and thereby, to foot posture assessment [23,29,30]. In addition, in NF subjects, using plantar
pressure platforms, authors refer to a slightly higher load on the hindfoot relative to the
mid-and forefoot [40]. Comparing the Arch Angle, Staheli Index, and Chippaux-Smirak
Index tests, most authors analyze the foot contact area in various ways. The approaches of
the different tests are different as the FootPrint Index and the Arch Index assess regarding
all foot, the Chippaux-Smirak Index considers the fore-mid foot, and the Staheli Index
the mid-hindfoot relationships. Since the foot is a multiple joints complex with different
degrees of freedom, the discordance between tests can happen depending on the sample
distribution and, therefore, mislead the Arch Angle accuracy.

Finally, analyzing the means value and standard deviation for each test (Table 2),
some incoherence was found regarding the cut-off values of each foot posture assessment
test. Some scores did not reach the cut-off values to diagnose foot posture conditions.
For example, regarding the Arch Angle, values greater than 42◦ correspond to FF condi-
tions [23,29,30]. However, in both groups of our study, the Arch Angle reached values
greater than 42◦, misleading the NF condition assessment. Interesting results were the
FootPrint Index score on both groups. The NF present value was superior to 0.28 when the
FF showed an opposite score which was 0.23, which is in contradiction to the cut-off value
related previously [29]. Analyzing the Arch Index score, both mean scores represented the
NF condition (0.21 < NF < 0.26), which was contradictory with the reference values that
related 0.25 score as the FF condition [29,30,41]. Finally, both Chippaux-Smirak Index score
means related to a NF condition in either group where the score was inferior to 0.45 and
Staheli Index score related to CF in the NF group (CF < 0.5) and related to NF in the FF
group (NF < 0.7) [24,26,30]. Those alterations of the mentioned test showed a false score
which can mislead the evaluation and indeed can classify the foot posture antagonistically.

Although this study shares various foot posture test assessments and associations with
each other, several limitations can compromise the results. Only subjects who presented
bilateral FF conditions using the Navicular Drop Test participated in this study. However,
as the foot complex lays on several joints and inter-associations, it will be interesting
to evaluate the same correlation regarding the FootPrint parameters’ inclusion criterion
instead of the Navicular Drop Test or the Resting Calcaneal Stance, whose assessment
of foot posture is based on mobility. Furthermore, as stated previously, only subjects
with a bilateral condition, whether FF or NF, were included in this study to include
excluded temporary or functional alterations presented in unilateral conditions. Therefore
unilateral FF or NF was excluded as stated previously in the exclusion criteria. Another
study limitation is the non-characterization of subjects’ weight since several authors relate
increased weight as a factor to develop higher foot arch values, i.e., FF condition. However,
as the main purpose of this study was to investigate the correlation between the different
diagnosis methods, the participants’ weight was not considered relevant as the study
did not investigate condition assessment accuracy. Finally, the participants’ recruitment
was realized according to convenience sampling methods. Thus, further studies with the
inclusion of a random sampling process can ensure a more robust methodology.

5. Conclusions

Regarding both neutral foot and flatfoot groups, the correlations between those tests
presented moderate to nearly perfect coefficient scores to identify neutral foot and flatfoot
subjects while using FootPrint parameters. However, the combined use of several FootPrint
parameters can be an important evaluation tool in the clinical environment with the
understanding of several limitations and costs.
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