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Abstract
Introduction. The limitations of clinical methods for appraising foot posture are well documented. A new measure, the Foot
Posture Index is proposed, and its development and validation described.
Methods. A four-phase development process was used: (i) to derive a series of candidate measures, (ii) to deﬁne an appropriate
scoring system, (iii) to evaluate the validity of components and modify the instrument as appropriate, and (iv) to investigate the
predictive validity of the ﬁnalised instrument relative to static and dynamic kinematic models. Methods included initial concurrent
validation using RoseÕs Valgus Index, determination of inter-item reliability, factor analysis, and benchmarking against three dimensional kinematic models derived from electromagnetic motion tracking of the lower limb.
Results. Thirty-six candidate components were reduced to six in the ﬁnal instrument. The draft version of the instrument predicted 59% of the variance in concurrent Valgus Index scores and demonstrated good inter item reliability (CronbachÕs
a = 0.83). The relevant variables from the motion tracking lower limb model predicted 58–80% of the variance in the six components
retained in the ﬁnal instrument. The ﬁnalised instrument predicted 64% of the variance in static standing posture, and 41% of the
variance in midstance posture during normal walking.
Conclusion. The Foot Posture Index has been subjected to thorough evaluation in the course of its development and a ﬁnal version is proposed comprising six component measures that performed satisfactorily during the validation process. The Foot Posture
Index assessment is quick and simple to perform and allows a multiple segment, multiple plane evaluation that oﬀers some advantages over existing clinical measures of foot posture.
Ó 2005 Elsevier Ltd. All rights reserved.
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1. Introduction
There exists at present no universally accepted or adequately validated method for quantifying variation in
foot posture in the clinical setting (Razeghi and Batt,
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2002). Laboratory-based objective studies of lower limb
function represent the gold-standard but require complex technology and lengthy examination, which is not
practical in some settings. Many objective studies have
also modelled the foot as a single rigid segment (Reischl
et al., 1999), justifying any oversimpliﬁcation on the
basis of reduced error in these studies. Conversely, studies modelling the foot in more detail are often impaired
by poor reliability and validity (Keenan and Bach, 1996;
Reinschmidt et al., 1997).
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In recent years, organizations such as the Research
Council of the American Orthopaedic Foot and Ankle
Society (Saltzman et al., 1997), the Foot and Ankle Special Interest Group of the American Physical Therapy
Association (McClay, 2001) and others (Keenan, 1997;
Kitaoka et al., 1997) have highlighted as a priority, the
need for better measures of foot pathology and indicated some of the features required of a new instrument.
Recommended features include reliability, simplicity in
use, quantitative output reﬂecting the complexity of foot
function, minimisation of subjectivity, and the ability to
undertake measures without the use of sophisticated
equipment.
The aim of this paper is to describe a series of studies
in which an instrument for better assessing foot posture
was developed and reﬁned from these principles. A four
phase process is presented detailing the derivation of the
measures, development of a scoring system, component
selection and reduction, and ﬁnal validation. The result
is a six criterion observational scoring system that provides valid quantiﬁcation of standing foot posture we
named the Foot Posture Index (FPI).
2. Methods
2.1. Phase one: derivation of measures suitable for
inclusion
In a comprehensive review of the literature, 119 papers
were identiﬁed as describing in adequate detail, the clinical evaluation of foot posture. From these, 36 discrete
clinical measures were identiﬁed and were classiﬁed
according to how each represented the foot. Five categories were identiﬁed: (1) direct measures of foot posture,
(2) indirect measures of foot posture, (3) philosophies
or approaches to foot classiﬁcation, (4) pseudo dynamic
tests, (5) supplementary tests. A matrix was constructed
to map the candidate measures against the desirable features noted previously, and based on their capacity to
measure postural changes in each of the three body
planes, and according to the anatomical segment to be
evaluated (hindfoot/midfoot/forefoot/multiple). Eight
potential measures were selected for a draft version of
the FPI (Supplementary data—Supplemental Table 1).
The instrument was designed to be used with the subject in quiet double limb standing because: (a) weightbearing measures better represent foot function than
non-weightbearing measures (McClay, 2001), (b) this
position is well-known to practitioners and (c) the populations in which the new measure will be used includes
patients with balance and postural control problems.
2.2. Phase two: deﬁning the scoring system
A ﬁve point Likert-type scale was chosen for rapidity
of data collection (Likert, 1952), and to constrain re-

sponses to set criteria. Five point scales provide a reasonable compromise between sensitivity, reliability and
ease of use (Bennett et al., 2001). The scale was anchored
such that the central response was zero, with the sign of
the deviation from this central response indicating the
direction of postural change. The central value allows
symmetrical scores to be derived either side of a nominal
ÔneutralÕ or normal position. The speciﬁc scoring criteria
are individualized to each of the component measures
and described in an accompanying manual available
online at: http://www.leeds.ac.uk/medicine/FASTER/
FPI/. The resulting aggregate scores for the initial
eight-item version of the FPI ranged from 16 (supinated characteristics) to +16 (pronated characteristics),
and the aggregate scores for the ﬁnalised FPI six-item
version range from 12 to +12.
2.3. Phase three: component evaluation and reduction
An informal proof of concept evaluation, not reported here, demonstrated that the draft instrument
had adequate clinical utility. The third phase examined
the validity of the components and informed the reduction of components to create a ﬁnal version of the
instrument. The eight-item FPI scores were compared
to concurrently derived Valgus Index scores (Rose,
1991) and in a second stage, a three-dimensional static
lower limb model was reconstructed from data obtained
from an electromagnetic motion tracking (EMT) system. Ordinal regression modelling was used to quantify
the strength of the relationship between the EMT variables and each of the FPI components. Phase three, part
one was approved by the research ethics committee of
the University of Western Sydney of Sydney and part
two by the research ethics committees of both the University of Western Sydney and the University of Sydney.
2.3.1. Phase three, part one: concurrent
validity—ﬁeld study
Foot Posture Index scores and RoseÕs Valgus Index
were derived concurrently in a preliminary ﬁeld trial.
The Valgus Index was employed as it is objective and adequately valid (Thomson, 1994), and because it allowed
for rapid collection of foot posture data from a large sample in the same non-laboratory setting for which the FPI
was intended. FPI ratings were undertaken for each of
131 subjects while they stood on a ÔpedographÕ, ink and
paper mat. The Valgus Index was calculated later from
the inked footprint. An ordinal regression model was
constructed to evaluate the capacity of the total FPI
eight-item score to predict the Valgus Index scores, and
the inter-item reliability for each of the eight components
was evaluated using CronbachÕs a coeﬃcient. A principal
components analysis was also conducted to identify
latent factors that were not apparent a priori, and to
explore the uni-dimensionality of the measure.
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The sample for this phase comprised 91(69.5%) male
and 40(30.5%) female club athletes aged 18–65
(Mean = 33.7 years). The Valgus Index scores for the
group ranged from
3.6 to 33.61 (Mean = 10.28,
SD = 6.52), values in close agreement with normal values described previously (Rose, 1991; Thomson, 1994).
FPI scores ranged from 7.0 to 15.0 (Mean = 4.9,
SD = 3.9) and data from one limb only (decided by coin
toss) were included in the inferential analyses. The ordinal regression model entered the FPI total score as the
predictor (independent) variable, and Valgus Index
score as the dependent variable. The linearity of the relationship was conﬁrmed prior to undertaking the regressions. The ordinal regression modelling indicated that
the FPI eight-item total scores predicted 59% of the variance in Valgus Index values (Cox and Snell R2 = 0.590,
B = 0.551, P < 0.001, n = 131).
The inter-item reliability is presented in Table 1. For
the eight-item set, CronbachÕs a was 0.834, indicating
good inter-item reliability. The individual coeﬃcients
were high or very high for six of the eight FPI components. The components measuring HelbingÕs sign and
the congruence of the lateral border of the foot showed
poor inter-item reliability (CronbachÕs a < 0.40).
A principal components analysis with varimax rotation, was performed with extraction of factors with
Eigenvalues greater than 0.9. The ﬁrst factor extracted
explained 49% of the variance in the FPI score (Supplementary data—Supplemental Table 2). This factor included seven of the FPI items. A second factor,
explaining 12% of the variance, was primarily a function
of the congruence of the lateral border of the foot (loading = 0.91), suggesting that a separate subgroup with
variation in foot position independent of the lateral foot
contour might be evident.
2.3.2. Phase three, part two: concurrent
validity—laboratory study
To measure FPI ratings concurrently with a detailed
objective measure of static foot posture, a FastrakTM
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system was used to reconstruct a three-dimensional
lower limb model for the right leg of 20 healthy volunteers (M = 9, F = 11, age range 21–45) in each of three
positions. Two capture channels fed into a single motion
capture unit sampling at 60 Hz. Channel one (c1) collected data from a reference sensor ﬁxed to the medial
border of the tibia, while channel two (c2) recorded
the position and orientation of a sensor attached to a
stylus, which was used to derive the Cartesian coordinates of 17 anatomical landmarks on the lower leg
(Fig. 1). Rigid models of the shank, hindfoot and forefoot in each of three postures were reconstructed in software. The root mean square error of the protocol used
to measure the landmark coordinates was between
0.87 mm and 2.54 mm. The intraclass correlation coeﬃcient for the repeatability of segment deﬁnition using
this protocol was 0.999.
Subjects were manipulated, according to a pre-determined randomisation protocol, into each of three
positions: (i) a functionally neutral position corresponding to a Ô0Õ score using the FPI; (ii) a pronated
stance position corresponding to the point of maximal
internal tibial rotation and rearfoot eversion; (iii) a
supinated stance position corresponding to the point
of maximal external tibial rotation and rearfoot
inversion.
Postural variations in all three planes were calculated
for ﬁve joint complexes:

Tibia (L4–L7) to calcaneus
(L8–L11)
Tibia (L4–L7) to forefoot
(L15–L17)
Calcaneus (L8–L11) to forefoot
(L15–L17)
Calcaneus (L8–L11) to midfoot
(L12–L14)
Midfoot (L12–L14) to forefoot
(L15–L17)

Designation

TCa,b,c

Designation

TFa,b,c

Designation

CFa,b,c

Designation

CMa,b,c

Designation

MFa,b,c

Table 1
CronbachÕs a for the eight components of the FPI-8

Talar head palpation
Supra and infra lateral
malleolar curvature
HelbingÕs sign
Prominence of the TNJ
Congruence of the medial
longitudinal arch
Congruence of the lateral
border of the foot
Abduction/adduction of the forefoot
Inversion/eversion of the calcaneus

Scale mean
if item deleted

Scale variance
if item deleted

Corrected item-total
correlation

a if item
deleted

4.1908
4.5573

11.2633
12.1871

0.6392
0.6353

0.8042
0.8076

4.4809
4.4046
4.5573

12.0516
12.1966
10.6179

0.3635
0.6518
0.7184

0.8524
0.8062
0.7917

4.8397

14.2280

0.1987

0.8512

4.5344
4.3969

12.2661
11.2412

0.6536
0.7533

0.8066
0.7895

Reliability coeﬃcients: N of cases = 131; N of items = 8; a = 0.834.
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In addition, the frontal plane angle between markers
L7 (mid-point Achilles tendon), L8 (insertion of Achilles
tendon into calcaneus) and L9 (lower calcaneus), was
calculated to give an angle (AA)—the Achilles angle. Finally the true vertical height (V) of L12 (the tuberosity of
the navicular) was determined through triangulation
from the positions and orientations of L9, L10, L15 and
L17.
Each of the eight FPI components was entered in
turn as the dependent variable into a series of ordinal
regression models (Walters et al., 2001), and the contribution of the EMT measures to the explanation of variance in each FPI component score was established. The
ﬁrst iteration of each ordinal regression model entered
all EMT variables, and subsequent iterations removed
EMT variables not contributing to the model or demonstrating asymptotic correlation of covariates (colinearity
or redundancy). The full model is presented as supplementary data (Supplementary data—Supplemental
Table 3).
Six components demonstrated validity but two components caused concern. Firstly the FPI component
measuring lateral border congruence did not ﬁt the ordinal regression model, and so concurrent validity could
not be established. Secondly, while the presence of HelbingÕs sign was predicted moderately well (R2 = 0.73) by
a combination of four EMT variables, it was a concern
that the EMT derived measure of ÔAchilles angleÕ—
directly analogous to HelbingÕs sign—was not retained
in the ﬁnal model.
2.3.3. Phase three, part three: component reduction
The performance of each of the eight components
over the course of the previous phases of instrument
development was used to inform the composition of
the ﬁnal draft of the instrument (Table 2).
The FPI component measuring lateral border congruence demonstrated poor ﬁt to the regression model
in the EMT study (no evidence of concurrent validity),
loading onto a separate factor in the factor analysis
(poor construct validity), and had a low inter-item

Fig. 1. Anatomical landmarks and segment deﬁnitions.

Table 2
Summary of the performance of the eight candidate components

Talar head palpation
Malleolar curvature
HelbingÕs sign
Calcaneal angle
TNJ congruence
MLA congruence
Lateral border
congruence
Abduction/adduction

Item total
correlation
(CronbachÕs a)

Factor analysis
(factor loading)

Concurrent validity
vs EMT model (R2)

Comments

0.64
0.66
0.36
0.75
0.65
0.72
0.20

Factor
Factor
Factor
Factor
Factor
Factor
Factor

1
1
1
1
1
1
2

0.70
0.69
0.74
0.80
0.72
0.58
N/A

Palpation of bony relationship
Direct observation of bony segments
Direct observation of soft tissue
Direct observation of bony segment
Direct observation of composite bony segments
Direct observation of composite bony segments
Direct observation of composite bony segments

0.65

Factor 1

0.64

Indirect observation of composite bony segments

A.C. Redmond et al. / Clinical Biomechanics 21 (2006) 89–98

correlation of a = 0.20 (poor content validity). Furthermore, the theoretical overlap with the component
measuring forefoot abduction/adduction, introduced
some redundancy (poor construct validity) and so the
lateral border congruence component was deleted from
the ﬁnal draft of the new instrument.
The FPI measure of medial arch congruence was
also among the poorer performing measures in the
EMT concurrent validity study, but had shown good
inter-item correlation of a = 0.72 (adequate content
validity). This measure was considered to have low
redundancy, being the only measure of sagittal plane
foot posture and the medial arch measure was therefore
retained.
The FPI measure of HelbingÕs sign had demonstrated
a low inter-item correlation (CronbachÕs a = 0.36) which
again indicated poor content validity. The absence of
any signiﬁcant relationship with EMT measured Achilles angle indicated poor concurrent and construct validity. HelbingÕs sign was the only FPI component to rely
on observation of soft tissue relationships, and was
one of three measures of estimating rearfoot position
in the frontal plane, indicating some redundancy. The
measure describing HelbingÕs sign was therefore deleted
from the ﬁnal FPI draft also. The remaining ﬁve components were retained. A sample datasheet for the ﬁnalised
six-item version of the instrument (FPI-6) is presented in
Table 3.

Table 3
Datasheet for the six-item Foot Posture Index
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2.4. Phase four: concurrent and predictive validity
of the ﬁnalised FPI-six item version
The aims of the fourth phase were to:
(i) Evaluate the concurrent validity of ﬁnalised FPI-6
scores against a validated static EMT model of the
ankle joint complex (AJC).
(ii) Determine the extent to which static FPI-6 scores
predict systematic variations in AJC position
during normal walking.
Comparison of FPI measures (six-item version) with
contemporaneous static and dynamic EMT data derived
from surface mounted sensor data, using a six degrees of
freedom ankle joint complex model. Ethical approval
was provided by the local research ethics committee of
the University of Sydney.
Ankle joint complex positions and motions were
captured using a FastrakTM electromagnetic motion
tracking system (Polhemus Inc., Colchester VT., USA),
employing a long range transmitter and capturing at
30 Hz. Within the capture volume used in this study of
800 mm (X direction) by 1300 mm (Y direction) by
600 mm (Z direction), the root mean square error associated with angular rotation were determined for our setup
to be 0.8° for a rotations, 0.6° for b rotations, and 0.4°
for c rotations. In the dynamic studies, the participants
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started walking at one end of a 9 m walkway and passed
uninterrupted through the calibrated capture volume at a
self-selected walking pace, continuing to the far end of
the walkway. Stance phase events were appended using
force sensing resistors (Interlink Electronics Inc, Santa
Barbara CA, USA), taped to the hallux and heel. Sensor
data were ﬁltered and synchronised by the 6D
ResearchTM motion analysis software package (Skill
Technologies Inc., Phoenix, AZ, USA) as described in
detail previously (Woodburn et al., 1999).
Using the ankle joint coordinate system deﬁned by
Wu et al. (2002), segmental models were constructed
for three planes, although only motions for AJC inversion/eversion (AJCb) are reported here.
Fifteen healthy volunteers were recruited from the staﬀ
and postgraduate students of the Rheumatology and
Rehabilitation Research Unit, at the University of Leeds
(Male = 10, Female = 5, age range 18–57). Both limbs
were instrumented on each participant, with the sensors
measuring AJC motions placed according to a protocol
described previously (Cornwall and McPoil, 1999).
Participants undertook the walking trials (and related
static measures) in each of three conditions in random
order:

burn et al. (Woodburn et al., 1999) and coeﬃcients
of multiple correlation (CMCs) were calculated as
described by Kadaba et al. (Kadaba et al., 1989).
2.5. Analysis
Descriptive outputs such as the motion time curves
were based on pooled data from both limbs (n = 30),
but inferential analyses (Table 4) were performed on
data from the right limb only to avoid breaching the
assumption of independence in the dataset (Menz,
2004). Concurrent validity was investigated using linear
regression modeling because the large number of levels
(25) in the FPI total score represent an underlying scale
that is eﬀectively continuous and therefore suitable for
parametric analysis (Cohen, 2001; Walters et al.,
2001). Prior to constructing linear regression models
all data were scatterplotted to check for linearity in
the relationships, and LeveneÕs test was used to test for
homogeneity of variances.

3. Results
3.1. Static condition

(i) A control condition representing the participantsÕ
natural standing or walking position/motion.
(ii) An everted position induced by the application of
a preformed 450 kg/m3, high density 10° ethylene
vinyl acetate wedge under the heel, oriented with
the thick edge parallel with the lateral border of
the heel (the lateral wedge condition).
(iii) An inverted position induced by the application of
a 10° ethylene vinyl acetate wedge under the heel,
with the thick edge of the wedge parallel to the
medial border of the heel (the medial wedge
condition).
The EMT system was calibrated to zero prior to data
collection with the subject standing on a spot marked in
the centre of the capture volume. While standing on this
spot, the participant was manipulated into a position
equating a zero score for the FPI-6, with the ankle at
90° and the knee straight. This position subsequently
acted as a reference for all future measures.
After the two familiarisation passes of the 9 m walkway, participants returned to the centre of the capture
volume and ﬁve seconds of static data were recorded
along with contemporaneous derivation of FPI scores.
Participants then returned to the end of the walkway to
undertake the walking trials at a self selected speed. One
full gait cycle was obtained for each pass, with ﬁve good
gait cycles recorded for each of the barefoot and wedged
conditions. Angular rotation data from the walking trials
were post-processed to 100 centiles of the gait cycle using
CornwallÕs Ô6DNormÕ software as described by Wood-

Static positional data for one participant were found
to be unusable at post-processing, and static data relate
to 14 participants (ﬁve female and nine male). A linear
regression model was constructed with static AJCb entered as the dependent variable and FPI-6 total score entered as the independent variable. The FPI-6 scores
predicted 64% of the variation in the static AJCb position during quiet double limb standing (adjusted
R2 = 0.64, F = 73.529, P < 0.001, n = 14).
3.2. Dynamic condition
Ankle joint complex kinematic data were obtained
from all 15 participants for ﬁve passes of the walkway
in each condition. The within-subject coeﬃcient of multiple correlation for for AJCa was 0.93 and a systematic
shift was evident between the conditions (Table 4, Fig. 2).
It has been suggested previously that the midstance
instant of the stance phase is related theoretically to
the position assumed by the foot in static stance (McPoil
and Hunt, 1995). The relationships between the static
EMT position and the dynamic EMT data were investigated at various discrete points (Table 5), and midstance
was conﬁrmed as the point at which the static and
dynamic AJCb rotations are most closely related
(R = 0.864). The instant of midstance was entered therefore, as the dependent variable for exploration in the
predictive regression modelling, with the FPI-6 total
score entered as the sole independent variable. The data
were plotted, demonstrating a suitably linear relation-
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Table 4
Mean (±95% CI) AJCb angular rotation at key stance events
Lateral wedge
(95% CI)

Control
(95% CI)

Medial wedge
(95% CI)

Signiﬁcance of
relationships (N = 15)

F = 47.42 (P < 0.001)

Lat–Con, P = 0.592
Con–Med, P < 0.001
Lat–Med, P < 0.001

Max

1.3 ( 2.4 to

0.1)

0.7 ( 1.8 to

0.3)

Min

8.3 ( 9.3 to

7.1)

8.5 ( 9.5 to

7.6)

5.8 ( 6.9 to

4.7)

F = 52.47 (P < 0.001)

Lat–Con, P = 1.00
Con–Med, P < 0.001
Lat–Med, P < 0.001

HS

2.3 ( 3.5 to

1.1)

3.1 ( 4.1 to

2.1)

1.9 ( 3.1 to

0.8)

F = 2.247 (P < 0.145)

N/A

FF

3.4 ( 4.5 to

2.3)

2.5 ( 3.4 to

1.6)

+0.9 ( 0.2 to +2.1)

F = 12.58 (P = 0.001)

Lat–Con, P = 0.102
Con–Med, P < 0.001
Lat–Med, P < 0.001

MS

6.6 ( 7.6 to

5.7)

5.6 ( 6.4 to

4.7)

1.5 ( 2.5 to

0.4)

F = 135.9 (P < 0.001)

Lat–Con, P = 0.104
Con–Med, P < 0.001
Lat–Med, P < 0.001

HL

7.8 ( 8.9 to

6.7)

7.9 ( 8.8 to

7.1)

4.6 ( 5.6 to

3.6)

F = 250.78 (P < 0.001) Lat–Con, P = 1.00
Con–Med, P < 0.001
Lat–Med, P < 0.001

TO

2.7 ( 4.2 to

1.3)

2.6 ( 4.0 to

1.1)

1.7 ( 3.2 to

0.2)

F = 11.45 (P = 0.002)

Integral

336.2 ( 397.3 to

275.4)

303.8 ( 354.1 to

+2.1 (+1.0 to +3.3)

ANOVA model

253.6)

108.1 ( 167.8 to

48.4) F = 98.83 (P < 0.001)

Lat–Con, P = 1.00
Con–Med, P = 0.047
Lat–Med, P = 0.006
Lat–Con, P = < 0.538
Con–Med, P < 0.001
Lat–Med, P < 0.001

Lat = laterally wedged condition; Con = control condition (the no wedged condition); Med = medially wedged condition.
All values are angles in degrees except for the integral, which represents the area under the curve. For b rotations, positive values represent inversion,
and negative values eversion.
Signiﬁcance of individual relationships (contrasts) was only calculated and itemised in Column 6 where the overall ANOVA model reached statistical
signiﬁcance.

Stance Phase

Swing Phase

Inversion

2

Key

0

Lateral wedge condition
Control (no wedge) condition
Medial wedge condition

-2
-4
Eversion

Angular Rotation (deg)

4

-6
-8
-10 HS
0

5

FF
10

15

20

25

MS
30 35

40

HL
45

50 55

TO
60

65 70

75

80

85

90

95 100

% Gait Cycle

Fig. 2. Motion time curves for AJCb (N = 30, Mean ±95% CI).

ship, and the homogeneity of variance was again
checked with LeveneÕs statistic. The resulting linear
regression model (n = 15) yielded an adjusted R2 of
0.41 (F = 31.786, P < 0.001) indicating that the FPI
total score predicted 41% of the dynamic variation in
midstance foot position.

4. Discussion
A variety of measures exist for quantifying foot posture and function, including radiographic techniques, direct anatomical measures, footprint evaluations, and
dynamic laboratory analyses (Brosh and Arcan, 1994;
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Table 5
Correlations (PearsonÕs R) between AJCb motion data at key gait cycle events, and measures obtained during quiet standing (AJCb static and FPI-6
score)
Dynamic AJCb at key stance phase events
Static AJCb
(n = 14)
FPI-6 score
(n = 15)

Minimum

Maximum

Heel strike

Foot ﬂat

Midstance

Heel lift

Toe-oﬀ

Integral

R = 0.705
(P < 0.001)
R = 0.458
(P < 0.001)

R = 0.724
(P < 0.001)
R = 0.520
(P < 0.001)

R = 0.428
(P = 0.005)
R = 0.060
(P = 0.694)

R = 0.713
(P = 0.001)
R = 0.474
(P = 0.001)

R = 0.864
(P = 0.001)
R = 0.652
(P < 0.001)

R = 0.815
(P < 0.001)
R = 0.544
(P < 0.001)

R = 0.414
(P = 0.006)
R = 0.222
(P = 0.142)

R = 0.828
(P < 0.001)
R = 0.565
(P < 0.001)

Cavanagh et al., 1997; Williams and McClay, 2000).
Laboratory gait analysis remains the gold-standard,
but the facilities to produce high-quality objective data
are expensive, and the process of acquiring the data
can be overly time-consuming for routine patient assessment. Radiographic imaging is similarly demanding and
cannot be justiﬁed for routine screening because of the
risks associated with exposing subjects to ionising radiation. As an objective clinical alternative, measures
based on footprints are sometimes used, and while these
have proven relatively reliable (Cavanagh and Rodgers,
1987; Freychat et al., 1996), the relationship between
these measures and dynamic function is variable (Cavanagh and Rodgers, 1987; Hawes et al., 1992; WeinerOgilvie and Rome, 1998).
The most common approach to assessing the foot in
routine clinical practice remains direct measurement of
the angles and positions of anatomical landmarks. The
most commonly reported measures are the angular relationship of the calcaneus, either relative to the leg or the
ﬂoor, and measures of arch height. Estimates of the reliability of the techniques vary greatly (Jonson and Gross,
1997), but the majority of accounts suggest limited reliability (LaPointe et al., 2001; Weiner-Ogilvie and Rome,
1998; Williams et al., 1999). Direct measurement of the
height of medial arch of the standing foot appears to be
more reliable than most other measures (Saltzman et al.,
1995; Williams and McClay, 2000) and relative measures
such as navicular drop have also been reported to be
reliable (Mueller et al., 1993; Weiner-Ogilvie and Rome,
1998). The application of such measures remains limited
however, because only one aspect of foot posture is
measured.
The application of a common scoring system across
the component measures represents a novel approach,
and is potentially the most important aspect of the
new instrument. By introducing a dimensionless index
system to replace a range of measures in millimetres, degrees and other units, the FPI component scores can be
aggregated to cover multiple planes and anatomical segments. The ﬁve-point Likert system is observational, but
adherence to clearly deﬁned criteria introduces objective
boundaries and minimises the subjectivity.
It is a strength of the FPI that aggregate scores may
be interpreted as they relate to the separate hindfoot and

forefoot segments or according to the three body planes
(Table 3). As a consequence, one potential weakness of
the composite measure, i.e. the potential for the same
total scores to reﬂect varying combinations of component scores, can be turned to the userÕs advantage. Simple review of total score may be useful for within-subject
comparisons or for providing threshold values while
disaggregated scores may provide more detailed information for between-subject comparisons or for clinical
decision making. This richness of information yielded
by review of segment or planar scores exceeds that available from widely-used single plane measures such as
calcaneal angle or arch height.
The 59% of variance in the Valgus Index scores predicted by the original FPI eight-item draft was higher
than many accounts of agreement between clinical measures noted in the literature (Hawes et al., 1992; Mueller
et al., 1993) and was considered acceptable for the ﬁrst
draft of the new measure.
Early drafts of the FPI were shared with independent
research groups and reports of the reliability and validity of the FPI eight-item version have appeared in the
literature (Evans et al., 2003; Payne et al., 2003; Scharfbillig et al., 2004; Yates and White, 2004).
The reported inter-tester reliability of the eight item
FPI has ranged from 0.62 to 0.91, depending on population, and intra-tester reliability ranges from 0.81 to
0.91 (Evans et al., 2003; Payne et al., 2003; Yates and
White, 2004). A previous study of component validity
(Scharfbillig et al., 2004), which included the ﬁrst
author (ACR) employed radiography as the gold-standard but was unable to substantiate the validity of the
FPI component scores. The strength of any inference
that can be drawn from the radiographic study are limited however by methodological shortcomings such as
between-day variations in the protocol, and poor systematic change in radiographic measure with change
in clinical position. This led to concerns over the
Ôgold-standardÕ radiographic variables against which
FPI component scores were being compared. These
shortcomings have been largely addressed by the protocol detailed in phase three, part two in which the use of
a stylus-based EMT system allowed accurate and
repeatable deﬁnition of anatomical segments and the
systematic shift seen in Table 4. This provided for the
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construction of a more robust and detailed model than
had been achievable previously.
The ﬁnalised FPI-6 demonstrated adequate concurrent validity when compared to a skin-mounted-sensor
deﬁned static model, which indicates that the constrained, criterion-based observational scoring system
reﬂects adequately, the variations in posture detected
simultaneously by the EMT measure. More important
however is the capacity of the static clinical measure
to predict dynamic positions.
Validated models for measurement of kinematics at
the ankle joint complex using EMT have been reported
(Woodburn et al., 1999), and the approach was appropriate for capturing small motions to a high degree of
accuracy, and within a conﬁned capture volume. Issues
over the constraints imposed by the tethered nature of
the EMT sensor setup, low sampling frequency and
the sensitivity to ferro-magnetic interference have been
noted previously (Poulin and Amiot, 2002) but these issues were less relevant to the controlled laboratory environment used in this study. The protocol we used
provided acceptable accuracy in our laboratory measurement of low velocity AJC motions, yielding a root
mean square error of less than 0.8° angular rotation.
The dynamic EMT data obtained in this study appear
to represent an adequate benchmark, as they are in close
accord with previous data for both the absolute values
observed, and the reliability coeﬃcients of the measures
(Cornwall and McPoil, 1999; Nester et al., 2003; Pierrynowski and Smith, 1996).
Once the variability introduced by dynamic function
is included in the regression modelling, the strength of
the relationship between the FPI-6 as a static clinical
measure and the EMT data is weaker than for the concurrent static measures, in common with previous studies (Cavanagh et al., 1997; McPoil and Cornwall,
1996a). Nevertheless the FPI-6 score predicted over
40% of the variance in dynamic AJCb, a stronger association than in most reports in the literature for pairs of
static and dynamic measures (Cashmere et al., 1999;
McPoil and Cornwall, 1996b). In common with previous
studies of composite measures (Cavanagh et al., 1997),
this suggests that the composite nature of the FPI,
accounting for variation in all three body planes, may
provide a more complete description of foot posture
than most currently used static clinical measures.

5. Conclusion
The FPI has been developed to address a need for a
valid clinical tool that measures foot posture in multiple
planes and anatomical segments. It is not intended to replace dynamic studies, which remain the ideal, but to
provide a more valid alternative to existing static clinical
measures when laboratory studies are not feasible. The
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development of the FPI-6 has been undertaken in a
structured and formal manner, informed by the literature and the instrument has been adapted to ensure
appropriate component validity and clinical utility.
The FPI, in both its draft version and the ﬁnal sixitem version, has been subjected to a thorough validation process. In a number of independent evaluations
of reliability, the FPI has proven adequately reliable in
varied clinical settings (Intraclass correlation coeﬃcients = 0.62–0.91) (Evans et al., 2003; Noakes and
Payne, 2003; Yates and White, 2004). The strength of
the association between the FPI scores and static EMT
data seen in the current study further supports the validity of the FPI-6. The ability of the static measure to predict variance in AJC kinematics obtained during
walking was higher than for other clinical measures reported in the literature. The ﬁnal six-item version of
the FPI includes only those components that passed a
thorough validation process and it is recommended that
use of the FPI eight-item version reported previously, is
discontinued.
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