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ABSTRACT

Purpose/Background: The Foot Posture Index-6 (FPI-6) is considered a simple quantification tool to assess static foot
alignment. Palpation of the foot is required for assessment of one of the six criteria that comprise the FPI-6; the
remaining five criteria may be evaluated using still-frame photographs. Using only the image-based criteria may allow
multiple clinicians to evaluate large groups of patients quickly. Reliability using only these five image-based criteria
has not been established. The purposes of the current study were to establish the inter- and intra-rater reliability using
five image-based criteria from the Foot Posture Index-6 (FPI-6) as well as to examine the agreement between the rat-
ers in identifying foot type using the composite five FPI scores.

Methods: Forty participants (23 females, 17 males; 23.67 + 8.49 years; 64.59 + 14.43 kg; 166.07 + 11.79 cm) volunteered
for this study. An investigator took three photos with a digital camera of the medial longitudinal arch, posterior ankle,
and of the talonavicular joint approximately 45° from the posterior calcaneus for both right and left feet. Two investiga-
tors assessed the five image-based criteria of the FPI-6 for both feet of 40 participants on three occasions separated by a
day. Inter-and intra-rater reliability were assessed with Intraclass Correlation Coefficients (ICC, ). The amount of agree-
ment for classification of foot posture type between the two raters was assessed with Cohen’s kappa coefficient. Signifi-
cance was set a priori at P < 0.05.

Results: The inter-rater reliability was poor to moderate for all three sessions (ICC, , = 0.334-0.634). For the foot pos-
ture classification, the amount of agreement between two raters was poor for left (k= 0.12) and right (k= 0.19) feet.
The intra-rater reliability was excellent for left (ICC, ,=0.956) and right feet (ICC,,=0.959).

Conclusions: Excellent intra-rater and poor to moderate inter-rater reliability was found using only the five image-
based criteria of the FPI-6. However, the classification of foot posture did not improve the amount of agreement
between raters. Therefore, caution is needed when interpreting FPI scores from five image-based criteria.

Levels of Evidence: 3b
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INTRODUCTION

It is important for sports-related injury prevention
to identify potential risk factors. Foot posture is one
factor considered when examining risk of sports-
related injury.'? Static foot alignment is frequently
assessed to identify foot posture in clinical practice
for evaluating injury risk and determining a course
of therapeutic intervention to decrease the risk.

The Foot Posture Index-6 (FPI-6) is considered a fast,
simple, inexpensive, and multisegmental clinical
quantification tool to assess static foot alignment in
all three planes and to classify foot posture types.*
The FPI-6 consists of six individual criteria (Table
1), each having a 5-point scale that ranges from -2 to
+ 2, with negative numbers indicating a more supi-
nated foot posture and positive numbers indicating a
more pronated foot posture.® A composite FPI-6 score
ranges from -12 to +12, and a foot type is classified
as a highly pronated posture with a score of 10 or
greater, a pronated posture with scores of +6 to +9,
normal posture with scores of 0 to +5, a supinated
posture with scores of -4 to -1, or a highly supinated
posture with <-5.%67 The FPI-6 has demonstrated
good construct validity as a clinical instrument,® and
has been used in clinical and research settings to
identify risk factors for sports-related injuries."®?

Direct patient contact is required for assessment of
one of the six criteria that comprise the FPI-6, spe-
cifically palpation of the head of the talus to assess
rearfoot alignment. The remaining five criteria of the
FPI-6 are evaluated based on visual observations of
the rearfoot, midfoot, and forefoot of a patient. When
evaluating an individual patient in a clinical setting,
the time needed to complete the direct visual obser-
vation criteria is typically available to the patient and
clinician. However, when screening large groups of
physically active individuals to identify injury risk,
it is critical for selected screening measures to be
much more time efficient. While direct visual obser-
vation has typically been performed for the FPI-6
assessment, if the five image-based criteria could be
evaluated effectively with a digital image after the
physical screening is complete, it would allow multi-
ple clinicians to evaluate large groups of individuals
more efficiently, as well as patients not to be present
excessive time during the assessment.

The reliability of clinicians’ ratings of postural evalua-
tion is crucial for assessment and the interpretation of
examination findings in clinical practice and research.'
If using only the five-imaged criteria of the FPI-6 is reli-
able, this could introduce a foot posture assessment into
a pre-participation examination for injury prediction

Table 1. The five image-based criteria of the Foot Posture Index (FPI-6) Criteria*®
FPI-Subscale

Description

Visual Observation Criteria
Supralateral and infralateral malleolar curvature
(assessed from the posterior of participants)

Frontal plane alignment and position of the calcaneus
(assessed from the posterior of participants)

Bulging in region of the talonavicular joint
(assessed from the posteriormedial side of participants)

Congruence of the medial longitudinal arch

(assessed from the medial side of participants)

Abduction/Adduction of the forefoot on the rearfoot
(assessed from the posterior of participants)

-2 = No concavity below the lateral malleolus compared to the curvature
above the lateral malleolus

0 = Equal curvature below and above the lateral malleolus

+2 = More concavity below the lateral malleolus compared to the
curvature above the lateral malleolus

-2 = Greater than 5° estimated position of the calcaneus in the frontal
plane

0 = Neutral (0 ©) calcaneal position between inversion and eversion

+2 = less than 5° estimated position of the calcaneus in the frontal plane

-2 = Marked concavity in the region of the talonavicular joint
0 = Flat in the region of the talonavicular joint
+2 = Marked convexity in the region of the talonavicular joint

-2 = a very high medial longitudinal arch with a steeper posterior wall of
the arch

0 = Normal arch height with natural curve

+2 = a very low and flat medial longitudinal arch contacting the ground
or floor

-2 = Medial toes visible, but not lateral toes
0 = Both medial and lateral toes equally visible
+2 = Lateral toes visible, but not medial toes

The International Journal of Sports Physical Therapy | Volume 9, Number 2 | April 2014 | Page 188




Figure 1. Three photos of the medial longitudinal arch (A), posterior ankle (B), and talonavicular joint (C).

and determination of appropriate intervention, without
introducing excessive time demands on the patient, cli-
nician, or researcher during the assessment. Although
previous authors®"** have reported that the FPI-6 has
a moderate to excellent inter-and intra-rater reliability,
reliability using only these five image-based criteria
has not been established. Therefore, the purposes of
the current study were to establish the inter- and intra-
rater reliability using the five image-based criteria from
the FPI-6 as well as examine the agreement between
the raters in identifying foot type using the composite
five FPI scores.

METHODS

Design

Using a descriptive laboratory study design, the main
outcome variables of the total score using the five
imaged-based criteria of the FPI-6 and a foot posture
type classified based on the composite scores were
assessed across sessions (day 1, day 3, day 5) and
raters (rater 1, rater 2).

Participants

Forty volunteers (23 females, 17 males, age = 23.67
+ 8.49 years, body mass = 64.59 + 14.43 kg, height =
166.07 + 11.79 cm) participated in this study. Partici-
pants signed an informed consent form approved by
the University of Toledo Institutional Review Board.

Procedures

Two investigators served as raters of the five image-
based criteria of the FPI-6 for both feet of 40 partici-
pants on three occasions each separated by a day.
Rater 1 and 2 were certified athletic trainers with

postgraduate clinical experiences. Neither rater had
previous experience using the FPI-6 in their clini-
cal practice. The raters were exposed to the use of
the FPI-6 during pilot work on 15 participants that
were not included in this study’s sample. During the
pilot work, the raters performed the FPI-6 assess-
ment using the original protocol* and were allowed
to have open discussion about the index criteria.

Participants were asked to take several steps in place
and stand in a relaxed stance with double-limb sup-
port, arms by the side, and looking straight ahead.
Participants maintained this comfortable stance
position while an investigator took three photos of
the medial longitudinal arch (Figure 1-A), posterior
ankle (Figure 1-B), and talonavicular joint (Figure 1-
C) for both right and left feet with a digital camera
(Kodak EasyShare M853; Rochester, New York). The
camera was positioned approximately 30cm from
the medial side of the foot for the medial longitu-
dinal arch, approximately 25 cm from the posterior
aspect of the calcaneus for the posterior ankle view,
as well as 25 cm from the talonavicular joint and
approximately 45° from the posterior calcaneus for
the talnavicular joint view. Using the photographs,
the two raters independently scored both feet of
each of the 40 participants based on the five image-
based criteria of the FPI-6 on the same day that the
photographs were taken. Two and four days later, the
raters assessed the same photographs again in a ran-
dom order and scored static foot alignment on each
photo with the five image-based criteria of the FPI-6
again (Table 1). Each criterion was scored on a scale
of -2 to +2, with a total FPI score ranging from -10
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to +10. Each participant’s foot was classified based
on an established version (6 criteria) of the compos-
ite FPI score as “highly pronated” with a score of
>10, “pronated” with scores of 6 to 9, “normal” with
scores of 0 to 5, “supinated” with scores of -1 to -4,
or “highly supinated” with scores of <-5.*°

Statistical Analyses

To assess inter-rater reliability, Intraclass Correla-
tion Coefficients (ICC, ) with 95% confidence inter-
vals (CI) were calculated for the total FPI scores for
two raters for each individual assessment session.
The intra-rater reliability (ICC,,) of the average
FPI scores of two raters [(Rater 1 score + Rater 2
score)/2] for each posture assessment session was
determined. The intra-rater reliability of the com-
posite score of five image-based criteria of FPI-6
was also assessed for each rater. Intraclass Correla-
tion Coefficients were interpreted as poor (0.0-0.50),
moderate (0.51-0.75), good (0.76-0.90), or excellent
(0.91-1.00)." Cohen’s kappa coetficient (k) was used
to examine the amount of agreement for classifica-
tion of foot posture type between the two raters.'®
The degree of agreement for classification was inter-

preted as poor (kx < 0), slight (0.01 <k <0.20), fair (0.21
< K < 0.40), moderate (0.41 < K < 0.60), substantial
(0.61 < x < 0.80), almost perfect (0.11 < k < 1.00)."7
All analyses were completed for the left and right
feet of the models, but no side-to-side comparisons
were performed. Significance was set a priori at
P < 0.05. All statistical tests were performed using
SPSS 17.0 (SPSS, Inc, Chicago, IL).

RESULTS

The means of the total of all FPI scores using five-
imaged criteria across three assessments and two
raters were 2.84 + 2.06 for left and 1.47 + 2.26 for
right feet. The means of the total of all FPI scores
using five-imaged criteria for two raters for each
assessment session are provided in Table 2. The
inter-rater reliability for each session was poor to
moderate with large 95% CIs (Table 3). For the clas-
sification of foot posture based on raw scores, as well
as the amount of agreement between two raters was
poor for both left (x = 0.12) and right (k = 0.19) feet.
The number of foot posture types classified by two
raters based on the raw Foot Posture Index scores is
provided in Table 4.

Table 2. The Average Ibtal Scores (Mean + SD) from Five Imaged-based Criteria of Foot

Posture Index-6

All raters Rater 1 Rater 2
Mean for FPI scores Left - 3.54+1.95 2.14 £2.57
for the three assessments | Right | - 258+1.82 | 036+3.01
O Left | 269%213 | 345£234 | 193%263
Right 1.54 £2.53 2.63+2.17 0.45+3.31
esocoment 2 Left 279212 | 3333206 | 225:274
Right 1.46+2.10 2.60+£2.04 0.33+3.02
esecoment 3 Left  305£1.97 | 3855199 | 2254268
Right 1.41 +£2.19 2.53+1.77 0.30+3.31

ICC (95% CI) Sti/rlldard Error of
easurement
esecomont 1 Left 0455(0171,0670) 1 314
Right : 0.634 (0.405,0.788) 3.06
esesoment 2 Left 1 0527(026L,0718) | 292
Right 0.334 (0.029, 0.582) 3.43
N esessmont 3 Left 0398 (0.103,0.629) 306
Right 1 0.492 (0.217, 0.695) 3.12

The International Journal of Sports Physical Therapy | Volume 9, Number 2 | April 2014 | Page 190




Table 4. The number of foot posture types classified by two raters based on the raw Foot Posture

Index scores (80 feet)

Rater 2
Left (Total =40) Highly Supinated | Supinated | Normal | Pronated | Highly Pronated
Highly Supinated 0 0 0 0 0
— | Supinated 0 0 1 0 0
&c; Normal 0 4 26 2 0
o | Pronated 0 0 5 7 0
Highly Pronated 0 0 0 0 0
Cohen’s kappa coefficient = 0.12
. Rater 2
Right (Total =40) Highly Supinated | Supinated | Normal | Pronated | Highly Pronated
Highly Supinated 0 0 0 0 0
. Supinated 0 2 0 0 0
% Normal 0 12 22 2 0
& | Pronated 0 0 1 1 0
Highly Pronated 0 0 0 0 0
Cohen’s kappa coefficient = 0.19
The shadow areas indicate where agreement between the two raters would be expected.

The intra-rater reliability was excellent for both left
(ICC,, = 0.956, 95% CI; 0.925, 0.975, standard error
of measurement [SEM] = 1.25) and right feet (ICC, ,
= 0.959, 95% CI; 0.931, 0.977, SEM =1.33) when the
average of the total FPI scores for two raters for each
posture assessment session was analyzed between
the sessions. Rater 1 had excellent reliability for left
(ICC,, = 0.900,95% CI; 0.832, 0.944, SEM =1.85) and
good for right (ICC,, = 0.895, 95% CI; 0.822, 0.941,
SEM =1.77) between the sessions. Rater 2 demon-
strated excellent reliability for both left (ICC,, =
0.952, 95% CI; 0.819, 0.973, SEM = 1.69) and right
(ICC,, = 0.950, 95% CI; 0.915, 0.972, SEM = 2.02)
between the sessions.

DISCUSSION

Focusing on the image-based visual observation may
allow clinicians to save assessment time, and mul-
tiple clinicians to evaluate large groups of patients
quickly. Establishing the reliability of clinicians’ rat-
ing digital, rather than live, observations from this
assessment tool may be important for foot posture
assessments and the interpretation of the findings
in clinical and research settings. This study showed
poor to moderate inter-rater reliability and excel-
lent intra-rater reliability when using only the five
image-based criteria of the FPI-6. The measure-
ments of reliability for the five image-based criteria
of the FPI-6 are similar to previously published reli-

ability of the measurements using all criteria of the
FPI-6.52" However, the classification of foot posture
did not improve the amount of agreement between
raters. This finding of the categorization based on
the raw FPI score using Kappa coefficient analysis
contradicted the results of Morrison and Ferrari.'®

While reliability of the FPI-6 has been reported pre-
viously, to the authors’ knowledge, this is the first
study to establish reliability only of the five obser-
vation-based criteria of the FPI-6. Cornwall et al"
reported excellent intra-rater reliability of the FPI-6
among three clinicians who had different levels of
clinical experience. Cain et al® and Evans et al'* also
demonstrated excellent intra-rater reliability of the
FPI-6 in pediatric population among clinicians with
various levels of clinical experiences. In our study,
both raters had similar experience with the FPI-6 and
demonstrated excellent intra-rater reliability when
using only the five-image-based criteria of the FPI-
6. The current results, coupled with these previous
reports, seem to support the FPI as a reliable clinical
tool for assessing static foot alignment, regardless of
clinical experience with the tool.

However, caution is needed when interpreting FPI
scores from five image-based criteria. The authors
of the current study found poor to moderate inter-
rater reliability for raw FPI scores with large 95%
CIs and poor agreement between raters when the
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average FPI scores for each rater for each assess-
ment were used to classify each foot using the scales
presented by Redmond et al* Cornwall et al" also
reported moderate agreement among clinicians for
both the FPI-6 raw scores and classification of foot
posture based on the raw scores. In contrast, using
the FPI-6 in pediatric population, Morrison and Fer-
rari’® reported almost perfect agreement between
two observers who were considered to have simi-
lar experience with using the FPI-6 when the FPI-6
scores were categorized. Barton et al? demonstrated
good inter-rater reliability among three raters in indi-
viduals with knee pain. The wide variety of results
may be attributable to differences in the populations
studied across these studies, as well as observing and
rating static foot alignment with individual criteria
of the FPI-6. Because several age-related changes in
function influences foot posture and structure,® the
current results obtained from a young adult popula-
tion cannot be assumed to be equally reliable when
the FPI is applied to other populations. While direct
visual observations of each participant’s foot were
performed for this assessment in the study of Mor-
rison and Ferrari,'® the raters in the current study
observed static foot alignment using photographs of
the ankle and foot in order to score on the FPI. Addi-
tionally, the two raters in our current study had no
experience with the index criteria. While the raters
were exposed to the use of the FPI-6 and the rating
scale for each of the criteria during pilot work with
open discussion about the index criteria, the two rat-
ers did not receive standardized training from a cli-
nician who has previous experiences with the FPI-6.
Therefore, the lower inter-rater reliability may be
associated with the level of two raters’ experiences
with FPI assessment.

LIMITATIONS

The primary limitation of this study is that the
authors’ used the categories of foot posture that were
proposed for the actual FPI-6 by Redmond et al.* The
actual FPI-6 has six individual criteria which are
summated to yield a composite score (-12 to +12)
that is then used to classify foot posture based upon
cutoff scores established by a previous study.* How-
ever, the raters observed and rated static foot posture
with incorporation using only the five image-based
criteria of the FPI-6. This current study used an

established composite score ranging from -12 to +12
and the cutoff scores previously established for the
actual FPI-6 to classify each participant’s foot. The
established composite FPI-6 score from -12 to -5 was
classified as highly supinated, -1 to -4 as supinated,
0 to +5 as neutral, +6 to +9 as pronated, and + 10 to
+ 12 as highly pronated.*® However, we used only the
five imaged-based criteria of the FPI-6 and the actual
composite scores could only range from -10 to + 10.
It is possible that the use of the FPI composite score
as the reference cutoff score negatively influenced
the classification of foot posture in this study. There-
fore, different cut-off values for foot posture classi-
fication may be required when using only the five
imaged based criteria of the FPI-6 to screen foot pos-
ture types. Future research should investigate what
cut-off score is best for using only the five image-
based criteria of FPI-6. Furthermore, the palpation
measure provides information regarding the orien-
tation of the head of the talus. It is unknown how
taking out the talar head palpation criterion from the
original FPI-6 influences validity of static foot pos-
ture assessment. Further investigation is necessary
to determine validity of the five image-based criteria
of the FPI-6 and the correlation between the palpa-
tion and observation criteria of the FPI-6.

While previous studies demonstrated good internal
construct validity of the actual FPI-6,°5% the valid-
ity of the FPI incorporating only the five observa-
tion-based criteria remains unknown, resulting in
agreement between raters that was perhaps under-
estimated and not generalizable.”’ Establishing valid-
ity of this assessment may be necessary in order to
provide accurate evaluation of the foot posture. Fur-
thermore, the sample size used in this study may
lead to underestimation of Cohen’s Kappa analysis.?
Although thirty cases with two raters was deemed
appropriate for this study, larger sample sizes are
mathematically more likely to produced very small
confidence intervals, which may lead to more pre-
cise estimates of agreement. Further investigation
with a larger sample size may be necessary to estab-
lish normative values for the FPI composite score
based upon only the five image-based criteria.

This image-based visual observation is important
and useful to clinicians because this may allow them
to save assessment time, and multiple clinicians to
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evaluate large groups of patients quickly. However,
scoring of the FPI appears to be influenced by soft
tissue morphology,* and slight changes in angle for
observation may lead to inconsistent observations
of static foot posture between clinicians. While the
investigators in this current study made efforts to take
the photographs as consistently as possible, it is pos-
sible that minor inconsistencies in the photographs
of' each participant could have negatively influenced
the quality of the assessment of each image-based
criterion. However, the current results still demon-
strated moderate to excellent associated reliability.

Finally, the participants were from a sample of con-
venience; therefore, there was no control for the
distribution of foot types among participants. It will
be important in the future investigations to consider
recruiting equal distributions of foot type among the
participants enrolled.

CONCLUSION

The FPI-6 is a clinical evaluation tool used to assess
static foot posture in all three planes, which includes
five multisegmental visually observable criteria and
an additional criterion of talar head palpation. Using
only the five image-based criteria of the FPI-6 may be
beneficial for clinicians to save assessment time and
evaluate large groups of patients quickly. The results
of the current study indicate that the use of only the
five image-based criteria of the FPI-6 demonstrates
strong intra-rater but poor to moderate inter-rater
reliability. Additionally, the visual attempt at clas-
sification of foot posture demonstrated poor agree-
ment between raters. Therefore, caution is needed
when interpreting FPI scores from the five image-
based criteria. It is important for future investiga-
tions to establish appropriate cutoff values for the
foot posture classification system using only the five
image-based criteria, as well as normative values for
the FPI composite scores, with larger sample sizes,
in order to effectively assess static foot posture.
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