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Abstract

Background: Foot posture is considered to be an important component of musculoskeletal assessment in
clinical practice and research. However, many measurement approaches are not suitable for routine use as they
are time-consuming or require specialised equipment and/or clinical expertise. The objective of this study was
therefore to develop and evaluate a simple visual tool for foot posture assessment based on the Arch Index (AI)
that could be used in clinical and research settings.

Methods: Fully weightbearing footprints from 602 people aged 62 to 96 years were obtained using a carbon
paper imprint material, and cut-off AI scores dividing participants into three categories (high, normal and low)
were determined using the central limit theorem (i.e. normal = +/− 1 standard deviation from the mean). A visual
tool was then created using representative examples for the boundaries of each category. Two examiners were
then asked to use the tool to independently grade the footprints of 60 participants (20 for each of the three
categories, randomly presented), and then repeat the process two weeks later. Inter- and intra-tester reliability
was determined using Spearman’s rho, percentage agreement and weighted kappa statistics. The validity of the
examiner’s assessments was evaluated by comparing their categorisations to the actual AI score using
Spearman’s rho and analysis of variance (ANOVA), and to the actual AI category using percentage agreement,
Spearman’s rho and weighted kappa.

Results: Inter- and intra-tester reliability of the examiners was almost perfect (percentage agreement = 93
to 97%; Spearman’s rho = 0.91 to 0.95, and weighted kappas = 0.85 to 0.93). Examiner’s scores were strongly
correlated with actual AI values (Spearman’s rho = 0.91 to 0.94 and significant differences between all categories
with ANOVA; p< 0.001) and AI categories (percentage agreement = 95 to 98%; Spearman’s rho = 0.89 to 0.94, and
weighted kappas = 0.87 to 0.94). There was a slight tendency for examiners to categorise participants as having
higher arches than their AI scores indicated.

Conclusions: Foot posture can be quickly and reliably categorised as high, normal or low in older people using
a simplified visual categorisation tool based on the AI.
Background
Measurement of foot posture is widely considered to be an
important component of musculoskeletal examination in
clinical practice and research, as variations in foot posture
have been found to influence lower limb gait kinematics
[1,2], muscle activity [3], balance and functional ability [4,5],
and predisposition to overuse injury [6-8]. Unfortunately,
there remains considerable disagreement regarding foot
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posture categorisation as several techniques have been
reported in the literature, including visual observation
[6,9,10], footprint parameters [11,12], measurement of
frontal plane heel position [13,14], assessment of the
position of the navicular tuberosity [15,16] and a range
of angular measurements obtained from foot radio-
graphs [17,18]. Each of these techniques has advantages
and disadvantages in relation to equipment require-
ments, the degree of clinical expertise necessary to
obtain accurate measurements, reliability and validity
considerations, relationship to dynamic foot function
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Figure 1 Footprint obtained using carbon paper imprint
material.
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and the availability of normative data for comparison
purposes [19].
In 1987, Cavanagh and Rogers [11] developed the Arch

Index (AI), which represents the ratio of the area of the
middle third of a footprint relative to the total area
excluding the toes, with a higher ratio indicating a flatter
foot. The AI has since been found to have excellent reli-
ability [20,21], is highly correlated with navicular height
[20,22] and angular measures [20,23,24] determined
from radiographs, is sensitive to age-related differences
in foot posture [25], and is correlated with pressures
under the midfoot [26-28] and rearfoot motion [29,30]
when walking. However, the main drawback of the AI as
a measure of foot posture is that it requires the use of a
graphics tablet or optical scanner and imaging software
in order to accurately calculate the footprint area, which
is time-consuming and therefore limits its application in
many clinical and research settings.
A simplified version of the AI not requiring compu-

terised measurement or clinical expertise would be of
practical value for clinicians and researchers seeking a
reliable and valid measure of foot posture. Therefore, the
aim of this study was to develop a simple visual categorisa-
tion tool based on the AI which allows foot posture to be
documented into three categories (high, normal and low),
and to evaluate the tool’s inter- and intra-tester reliability
and validity in a sample of older people.

Methods
Development of the visual AI tool
In order to develop reference values for the determin-
ation of cut-off scores defining high, normal and low AI
categories, previously collected AI scores were pooled
from 602 participants aged 62 to 96 years (mean 75.7,
SD 6.7). These participants were drawn from three dif-
ferent sources: a retirement village (n = 176), a database
of people attending a university health sciences clinic
(n = 121) and participants involved in a randomised con-
trolled trial of a podiatry intervention to prevent falls
(n = 305). Participant characteristics for each of these
studies are provided in detail elsewhere [31-33], however
for all three studies, the key exclusion criteria were an
inability to walk household distances without the use of
a walking aid, or cognitive impairment, defined as a
score of less than 7 on the Short Portable Mental Status
Questionnaire [34].
In each of these studies, AI was determined by obtaining

a fully weightbearing static footprint using carbon-paper
imprint material (PressureStat™, FootLogic Inc., South
Salem, NY, US) with the participant standing in a relaxed
position (Figure 1). A foot axis was then drawn from the
centre of the heel to the tip of the second toe, and the
footprint divided into equal thirds (excluding the toes) by
constructing lines tangential to the foot axis. Using a
computer graphics tablet (Wacom Technology Corp.,
Vancouver, Canada) and graphics software (Canvas 8.0,
ACD Systems, Miami, FL, USA), the AI was calculated
as the ratio of area of the middle third of the footprint
to the entire footprint area. The lower the arch, the
higher the AI [11]. See Figure 2.
AI scores ranged from 0 to 0.39 (mean 0.24, median

0.24, standard deviation [SD] 0.06) and were normally
distributed (Figure 3), Three categories were created:
normal (± 1 SD from the mean), high (<1 SD) and low
(>1 SD). The AI scores that defined each category were



Figure 2 Calculation of the AI. The length of the footprint
excluding the toes (L) is divided into equal thirds. The AI is then
calculated as the area of the middle third of the footprint divided by
the entire footprint area (AI = B/A + B + C).
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as follows: normal (0.21 to 0.28), high (<0.21) and low
(>0.28). A visual tool was then created using representa-
tive examples for the cut-off scores for each category. To
ensure that examiners using the technique focused on
the contours of the footprint, the selected footprints
were resized to standard dimensions and provided with
identical toe prints (see Figure 4).
Figure 3 Histogram of AI scores obtained from 602 people
aged 62 to 96 years. Cut-off scores defining high and low-ached
feet based on ± 1 SD are indicated.
Reliability evaluation
AI data for the reliability component of this study were
drawn from the 305 randomised controlled trial partici-
pants [35]. All participant’s AI scores were categorised as
described above, and 60 footprints (20 footprints from each
of the three categories: normal, high and low) were ran-
domly selected. Two examiners – a physiotherapist with
22 years clinical experience (MRF) and a physiotherapist
with 10 years of clinical experience (EW) – independently
rated the footprints and were asked to categorise them as
normal, high or low using the visual tool shown in Figure 4.
The examiners then repeated their assessments two weeks
later without reference to their baseline scores. The
Human Ethics Committee of La Trobe University approved
the study (ID: 07–118) and participants provided written
informed consent.

Statistical analysis
All analyses were performed using SPSS Statistics version
17.0 (SPSS Inc, Chicago, IL) and STATA version 8.2
(STATA Corp, College Station, TX). Statistical analysis
was undertaken in two stages. Firstly, inter- and intra-
examiner reliability was determined using percentage
agreement, Spearman’s rho (ρ) and the weighted kappa
statistic (κw), which is considered to be the most appro-
priate statistic to assess the level of agreement when the
measurement scale is ordinal. In contrast to the “standard”
κ described by Cohen [36], κw also takes into account that
the relative importance of disagreement between categories
may not be the same for adjacent categories as it is for dis-
tant categories. For example, if one examiner documented
the AI as normal while the other documented it as low, the
κw approach would consider this to be less of an error com-
pared to one examiner documenting it as high and the
other documenting it as low. A quadratic assignment of
weights described by Fleiss [37] was applied, and the fol-
lowing benchmarks for interpretation of κw scores were
used: ≤0=poor, 0.01 to 0.20= slight, 0.21 to 0.40= fair, 0.41
to 0.60=moderate, 0.61 to 0.80= substantial, and 0.81 to
1.00= almost perfect [38].
Secondly, to determine the validity of the examiners’

assessments, their categorical AI scores were compared
to the “gold standard” continuous AI scores obtained
with the computerised graphics tablet using Spearman’s
ρ and a one-way analysis of variance and Bonferroni
post-hoc tests, and the categorical AI scores obtained
with the computerised graphics tablet using percentage
agreement, Spearman’s ρ and the κw statistic.

Results
Inter-tester reliability
The level of agreement between examiners was almost
perfect for both session 1 (percentage agreement = 95%;
ρ = 0.93, p< 0.01; κw = 0.89, 95% confidence interval [CI]



Figure 4 The visual AI categorisation tool.
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0.80 to 0.93) and session 2 (percentage agreement = 93%;
ρ = 0.91, p< 0.01; κw = 0.89, 95% CI 0.80 to 0.93).

Intra-tester reliability
The level of agreement between sessions was almost
perfect for both examiner 1 (percentage agreement =
95%; ρ = 0.94, p< 0.01; κw = 0.89, 95% CI 0.83 to 0.95)
and examiner 2 (percentage agreement = 97%; ρ = 0.95,
p< 0.01; κw = 0.93, 95% CI 0.92 to 0.96).

Validity of examiners’ assessments compared to computer
graphics tablet AI scores
Mean (SD) AI scores calculated using the computer
graphics tablet across each of the AI categories docu-
mented by each examiner in each session are shown in
Figure 5. There were significant differences in mean AI
Figure 5 Mean (± SD) AI scores obtained by the computer
graphics tablet according to each examiners’ categorisations in
session 1 and 2.
scores obtained using the graphics tablet across the AI
categories documented by examiner 1 in session 1
(F2 = 85.6, p< 0.001), examiner 1 in session 2 (F2 = 62.7,
p< 0.001), examiner 2 in session 1 (F2 = 80.9, p< 0.001)
and examiner 2 in session 2 (F2 = 74.3, p< 0.001). All
Bonferroni post-hoc tests across AI categories were sig-
nificant at the p< 0.001 level.
The level of agreement between AI categories derived

from the computer graphics tablet scores and exami-
ners’ categories was very high for examiner 1, session 1
(percentage agreement = 98%; ρ = 0.94; κw = 0.94, 95%
CI 0.88 to 0.94), examiner 1, session 2 (percentage
agreement = 95%; ρ = 0.89; κw= 0.87, 95% CI 0.85 to 0.90),
examiner 2, session 1 (percentage agreement = 97%; ρ =
0.92; κw=0.92, 95% CI 0.85 to 0.95), examiner 2, session 2
(percentage agreement = 96%; ρ = 0.90; κw=0.89, 95% CI
0.88 to 0.97).
The frequency of mismatches between the AI categories

derived from the computer graphics tablet scores and
examiners’ categories in each session are shown in
Table 1.
Table 1 Frequency of misclassifications between the AI
categories derived from the computer graphics tablet
scores and examiners’ categories in each session

n (%) correct
observations

n (%)
misclassifications,
real AI higher than
examiner’s score

n (%)
misclassifications,
real AI lower than
examiner’s score

Examiner 1

Session 1 55 (92) 4 (7) 1 (2)

Session 2 53 (88) 6 (10) 1 (2)

Examiner 2

Session 1 49 (82) 10 (17) 1 (2)

Session 2 51 (85) 8 (13) 1 (2)
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Discussion
The objectives of this study were to develop a visual
assessment tool based on the AI to enable foot posture
to be easily categorised in older people, and to evaluate
its reliability and convergent validity. The tool performed
very well, with AI categories demonstrating almost perfect
inter- and intra-examiner reliability and exhibiting strong
associations with both continuous and categorical AI
scores obtained with a computer graphics tablet (the “gold
standard” for this measure). These findings suggest that it
may not be necessary to perform the time-consuming task
of measuring footprint surface areas in order to classify
foot posture using the AI in clinical and research settings.
Before discussing these findings in detail, it is important

to note that the cut-off scores we used to define each foot
type category differ (albeit only slightly) to those originally
proposed by Cavanagh and Rodgers [11], due to differences
in sample characteristics and the statistical approach used.
In the Cavanagh and Rodgers [11] study, AI scores were
obtained from 107 young adults (mean age 30 years)
without foot symptoms, resulting in a mean AI of 0.23
(SD = 0.04, range 0 to 0.36). Rather than using the
traditional criteria of ± SD to define “normal”, Cavanagh
and Rodgers [11] instead used quartiles, thereby creating a
normal subgroup of participants representing 50% of the
sample. Based on this approach, a low AI (indicative of a
flatter foot) was defined as >0.26 and a high AI (indicative
of a highly arched foot) was defined as <0.21. Our sample
was larger (n= 602), older (mean age 76 years) and
included participants with and without foot symptoms,
which may explain our larger range of AI scores (0 to
0.39). In addition, we defined normal based on the con-
ventional ± 1 SD criterion, thereby creating a normal sub-
group of approximately 68% of the sample. Despite these
differences, the mean AI in our study was similar (0.24), as
were the cut-off scores (low AI >0.28 and high AI < 0.21).
Although the examiners’ AI categories correlated very

strongly with the AI scores obtained with the computer
graphics tablet, some degree of misclassification did
occur (see Table 1). Specifically, there was a tendency for
examiners to categorise participants as having higher
arches than their AI scores indicated, with between
80 and 90% of misclassifications being caused by the
assessor documenting the AI category lower than the
AI category determined from the graphics tablet. This is
not surprising, as the visual tool depicts the footprint in
black and white, whereas the carbon paper imprint material
is pressure-sensitive and therefore records gradations of
contact between the foot and the supporting surface (see
Figure 1). The degree of contact is particularly indistinct in
the medial arch region, so when comparing the imprint to
the visual tool, the examiners may have assumed that slight
contact was no contact, thereby offsetting the AI classifica-
tion towards a higher arch. Nevertheless, we believe that
the degree of misclassification is within acceptable limits,
given the high overall percentage agreement.
Based on our findings, it would appear that the AI visual

assessment tool is worthy of consideration when selecting
a foot posture measurement in clinical practice or research
settings, as it overcomes the previous disadvantage of
requiring a graphics tablet and software. The AI also offers
some key advantages over other clinical measurements, as
it is highly reliable [20,21], is correlated with navicular
height [20,22] and angular medial arch measures [20,23,24]
determined from radiographs, is correlated with pressures
under the midfoot [26-28] and rearfoot motion [29,30]
during gait, and is able to discriminate between foot types
based on age [25] and presence of musculoskeletal condi-
tions such as plantar fasciitis [39], midfoot osteoarthritis
[32] and medial compartment knee osteoarthritis [40].
However, the validity of the AI as a measure of foot

posture has been questioned by Wearing et al. [41], who
suggested it may be a measure of “fat” feet rather than
“flat” feet. This criticism is based on their finding of a sig-
nificant association between AI and fat mass percentage in
24 overweight and obese individuals. Unfortunately, no
measures of foot posture or arch height were collected in
their study, so the relative associations between these vari-
ables could not be evaluated. Nevertheless, this finding,
along with a more recent study reporting an association
between AI and body mass index in older people [42],
suggest that adiposity may influence the shape of the mid-
dle third of the footprint, particularly in overweight or
obese individuals. Therefore, comparisons of AI scores be-
tween groups may need to consider body composition as a
potential confounding factor, as recently demonstrated in
study comparing AI in people with and without knee
osteoarthritis [40].
There are three additional limitations to our study that

require consideration. First, the tool was developed using
a large dataset of older people. Older people have been
shown to have flatter feet than young people [25], sug-
gesting that the cut-off scores may not be valid for a
younger group. However, the cut-off score for categorising
a highly arched foot (0.21) was identical to the original de-
scription by Cavanagh and Rodgers [11], and the flat-arched
foot cut-off score was only slightly higher (0.28 compared
to 0.26). Nevertheless, this difference needs to be consid-
ered as some degree of misclassification (in the direction of
a higher-arched foot) may occur if the tool is applied to a
younger sample. Second, the two examiners we used had
recent experience in clinical assessment of the foot as they
had been responsible for data collection of the 305 older
people in the clinical trial [33]. Although they had not used
the visual AI tool before, their level of experience in foot as-
sessment may have been at least partly responsible for the
high level of reliability we found. Therefore, further research
is required to examine reliability in less experienced
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examiners. Finally, the AI tool only provides a simple
three-group categorisation of foot posture, so other foot
assessments (such as the Foot Posture Index [10,43] and
foot mobility [44,45]) may be more appropriate in situa-
tions where a greater degree of discrimination is required.

Conclusions
Foot posture can be quickly and reliably categorised as
high, normal or low in older people using a simplified
visual categorisation tool based on the AI. The tool may
therefore be useful for musculoskeletal screening in clinical
practice or research settings where more detailed assess-
ments of foot posture are not feasible.

Competing interests
HBM is Editor-in-Chief of Journal of Foot and Ankle Research. It is journal
policy that editors are removed from the peer review and editorial decision
making processes for papers they have co-authored. The other authors
declare that they have no competing interests.

Acknowledgements
This study was funded by a National Health and Medical Research Council of
Australia Primary Health Care Project Grant (ID: 433027). HBM is currently a
National Health and Medical Research Council fellow (Clinical Career
Development Award, ID: 433049).

Authors’ contributions
HBM conceived the idea for the study, conducted the statistical analysis and
drafted the manuscript. MRF, EW and MJS collected and compiled the data
and assisted with interpretation of the data and drafting of the manuscript.
All authors read and approved the final manuscript.

Received: 19 October 2011 Accepted: 23 April 2012
Published: 23 April 2012

References
1. Nigg BM, Cole GK, Nachbauer W: Effects of arch height of the foot on

angular motion of the lower extremities in running. J Biomech 1993,
26:909–916.

2. Nawoczenski DA, Saltzman CL, Cook TM: The effect of foot structure on
the three-dimensional kinematic coupling behavior of the leg and
rearfoot. Phys Ther 1998, 78:404–416.

3. Murley GS, Menz HB, Landorf KB: Foot posture influences the
electromyographic activity of selected lower limb muscles during gait. J
Foot Ankle Res 2009, 2:35.

4. Cobb SC, Tis LL, Johnson BF, Higbie EJ: The effect of forefoot varus on
postural stability. J Orthop Sports Phys Ther 2004, 34:79–85.

5. Spink MJ, Fotoohabadi MR, Wee E, Hill KD, Lord SR, Menz HB: Foot and
ankle strength, range of motion, posture, and deformity are associated
with balance and functional ability in older people. Arch Phys Med Rehabil
2011, 92:68–75.

6. Dahle LK, Mueller M, Delitto A, Diamond JE: Visual assessment of foot type
and relationship of foot type to lower extremity injury. J Orthop Sports
Phys Ther 1991, 14:70–74.

7. Kaufman KR, Brodine SK, Shaffer RA, Johnson CW, Cullison TR: The effect of
foot structure and range of motion on musculoskeletal overuse injuries.
Am J Sports Med 1999, 27:585–593.

8. Williams DS 3rd, McClay IS, Hamill J: Arch structure and injury patterns in
runners. Clin Biomech 2001, 16:341–347.

9. Cowan DN, Robinson JR, Jones BH: Consistency of visual assessment of
arch height among clinicians. Foot Ankle Int 1994, 15:213–217.

10. Redmond AC, Crosbie J, Ouvrier RA: Development and validation of a
novel rating system for scoring standing foot posture: the foot posture
index. Clin Biomech 2006, 21:89–98.

11. Cavanagh PR, Rodgers MM: The arch index: a useful measure from
footprints. J Biomech 1987, 20:547–551.
12. Staheli LT, Chew DE, Corbett M: The longitudinal arch. A survey of eight
hundred and eighty-two feet in normal children and adults. J Bone Joint
Surg Br 1987, 69A:426–428.

13. Picciano AM, Rowlands MS, Worrell T: Reliability of open and closed kinetic
chain subtalar joint neutral positions and navicular drop test. J Orthop
Sports Phys Ther 1993, 18:553–558.

14. Sell K, Verity TM, Worrell TW, Pease BJ, Wigglesworth J: Two measurements
techniques for assessing subtalar joint position: a reliability study. J
Orthop Sports Phys Ther 1994, 19:162–167.

15. Mueller MJ, Host JV, Norton BJ: Navicular drop as a composite measure of
excessive pronation. J Am Podiatr Med Assoc 1993, 83:198–202.

16. Vinicombe A, Raspovic A, Menz HB: Reliability of navicular displacement
measurement as a clinical indicator of foot posture. J Am Podiatr Med
Assoc 2001, 91:262–268.

17. Thomas JL, Kunkel WM, Lopez R, Sparks D: Radiographic values of the
adult foot in a standardized population. J Foot Ankle Surg 2006, 45:3–12.

18. Murley GS, Menz HB, Landorf KB: A protocol for classifying normal- and
flat-arched foot posture for research studies using clinical and
radiographic measurements. J Foot Ankle Res 2009, 2:22.

19. Razeghi M, Batt ME: Foot type classification: a critical review of current
methods. Gait Posture 2002, 15:282–291.

20. Menz HB, Munteanu SE: Validity of 3 clinical techniques for the
measurement of static foot posture in older people. J Orthop Sports Phys
Ther 2005, 35:479–486.

21. Queen RM, Mall NA, Hardaker M, Nunley JA: Describing the medial
longitudinal arch using footprint indices and a clinical grading system.
Foot Ankle Int 2007, 28:456–462.

22. McCrory JL, Young MJ, Boulton AJM, Cavanagh PR: Arch index as a
predictor of arch height. Foot 1997, 7:79–81.

23. Kanatli U, Yetkin H, Cila E: Footprint and radiographic analysis of the feet.
J Pediatr Orthop 2001, 21:225–228.

24. Yalcin N, Esen E, Kanatli U, Yetkin H: Evaluation of the medial longitudinal arch:
a comparison between the dynamic plantar pressure measurement system
and radiographic analysis. Acta Orthop Traumatol Turc 2010, 44:241–245.

25. Scott G, Menz HB, Newcombe L: Age-related differences in foot structure
and function. Gait Posture 2007, 26:68–75.

26. Menz HB, Morris ME: Clinical determinants of plantar forces and pressures
during walking in older people. Gait Posture 2006, 24:229–236.

27. Jonely H, Brismee JM, Sizer PS, James CR: Relationships between clinical
measures of static foot posture and plantar pressure during static
standing and walking. Clin Biomech 2011, May 30:[Epub ahead of print].

28. Xiong S, Goonetilleke RS, Witana CP, Weerasinghe TW, Au EYL: Foot arch
characterization: a review, a new metric, and a comparison. J Am Podiatr
Med Assoc 2010, 100:14–24.

29. Kernozek TW, Ricard MD: Foot placement angle and arch type: effect on
rearfoot motion. Arch Phys Med Rehabil 1990, 71:988–991.

30. Elvira JL, Vera-Garcia FJ, Meana M: Subtalar joint kinematic correlations
with footprint arch index in race walkers. J Sports Med Phys Fitness 2008,
48:225–234.

31. Menz HB, Morris ME, Lord SR: Foot and ankle characteristics associated
with impaired balance and functional ability in older people. J Gerontol A
Biol Sci Med Sci 2005, 60A:1546–1552.

32. Menz HB, Munteanu SE, Zammit GV, Landorf KB: Foot structure and
function in older people with radiographic osteoarthritis of the medial
midfoot. Osteoarthr Cartil 2010, 18:317–322.

33. Spink MJ, Menz HB, Fotoohabadi MR, Wee E, Landorf KB, Hill KD, Lord SR:
Effectiveness of a multifaceted podiatry intervention to prevent falls in
community dwelling older people with disabling foot pain: randomised
controlled trial. BMJ 2011, 342:d3411.

34. Pfeiffer E: A short portable mental status questionnaire for the
assessment of organic brain deficit in elderly patients. J Am Geriatr Soc
1975, 23:433–441.

35. Spink MJ, Menz HB, Lord SR: Efficacy of a multifaceted podiatry
intervention to improve balance and prevent falls in older people: study
protocol for a randomised trial. BMC Geriatr 2008, 8:30.

36. Cohen J: A coefficient of agreement for nominal scales. Educat Psychol
Meas 1960, 20:37–46.

37. Fleiss JL: Measuring nominal scale agreement among many raters. Psychol
Bull 1971, 76:378–382.

38. Landis JR, Koch GG: The measurement of observer agreement for
categorical data. Biometrics 1977, 33:159–174.



Menz et al. Journal of Foot and Ankle Research 2012, 5:10 Page 7 of 7
http://www.jfootankleres.com/content/5/1/10
39. Pohl MB, Hamill J, Davis IS: Biomechanical and anatomic factors
associated with a history of plantar fasciitis in female runners. Clin J Sport
Med 2009, 19:372–376.

40. Levinger P, Menz HB, Fotoohabadi MR, Feller JA, Bartlett JR, Bergman N:
Foot posture in people with medial compartment knee osteoarthritis.
J Foot Ankle Res 2010, 3:29.

41. Wearing SC, Hills AP, Byrne NM, Hennig EM, McDonald M: The arch index: a
measure of flat or fat feet? Foot Ankle Int 2004, 25:575–581.

42. Aurichio TR, Rebelatto JR, deCastro AP: The relationship between the body
mass index (BMI) and foot posture in elderly people. Arch Gerontol Geriatr
2011, 52:e89–e92.

43. Redmond AC, Crane YZ, Menz HB: Normative values for the foot posture
index. J Foot Ankle Res 2008, 1:6.

44. McPoil TG, Vicenzino B, Cornwall MW, Collins N, Warren M: Reliability and
normative values for the foot mobility magnitude: a composite measure
of vertical and medial-lateral mobility of the midfoot. J Foot Ankle Res
2009, 2:6.

45. Cornwall MW, McPoil TG: Relationship between static foot posture and
foot mobility. J Foot Ankle Res 2011, 4:4.

doi:10.1186/1757-1146-5-10
Cite this article as: Menz et al.: Visual categorisation of the arch index: a
simplified measure of foot posture in older people. Journal of Foot and
Ankle Research 2012 5:10.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Development of the visual AI tool

	link_Fig1
	Reliability evaluation
	Statistical analysis

	Results
	Inter-tester reliability

	link_Fig2
	link_Fig3
	Intra-tester reliability
	Validity of examiners&rsquo; assessments compared to computer graphics tablet AI scores

	link_Fig4
	link_Fig5
	link_Tab1
	Discussion
	Conclusions
	AcknowledgementsThis study was funded by a National Health and Medical Research Council of Australia Primary Health Care Project Grant (ID: 433027). HBM is currently a National Health and Medical Research Council fellow (Clinical Career Development Aw...
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36
	link_CR37
	link_CR38
	link_CR39
	link_CR40
	link_CR41
	link_CR42
	link_CR43
	link_CR44
	link_CR45


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


