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Background: The medial longitudinal arch of the foot is important because it helps pro-
tect the foot from injury. Researchers have developed many measures to quantify the
characteristics of the arch, and there is ongoing debate about the suitability of these dif-
ferent metrics. This article compares the various measures related to the foot arch, in-
cluding a new metric, the midfoot dorsal angle, and then investigates the differences in
the dimensional measures among various foot types.

Methods: The right feet of 48 healthy individuals (24 men and 24 women) were meas-
ured, and various metrics, including the arch height index, the navicular height to arch
length ratio, the arch index, the footprint index, the subjective ranking, the modified arch
index, the malleolar valgus index, and the midfoot dorsal angle, were determined.

Results: Correlation analyses showed that the arch index obtained from the inked foot-
print has a moderate to high correlation (Pearson correlation coefficients >0.50) with all
measured foot-type metrics except for the malleolar valgus index. There were no differ-
ences in participant age, stature, weight, body mass index, foot length, foot width, and
midfoot height among high, normal, and low foot arches. However, the high-arched
group had significantly shorter arch lengths but larger navicular heights and higher mid-
foot dorsal angles compared with the low-arched group. There were differences in force
distributions and peak pressures as well. The rearfoot had more loading and greater
peak pressure whereas the midfoot had less load in the high-arched group compared
with the low-arched group.

Conclusions: The midfoot dorsal angle may be an appropriate metric for characterizing
the foot arch because it is quick and easy to measure, without the tedious procedures
associated with area calculations and dimension measurements. (J Am Podiatr Med
Assoc 100(1): 14-24, 2010)

There is no doubt that the shape of a foot is useful
for generating a proper-fitting shoe,- 2 especially in
the construction of orthopedic footwear.? One of the
more important and highly variable structural char-
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acteristics of the human foot is its medial longitudi-
nal arch,*¢ which provides necessary shock absorp-
tion for the foot during activity.>” Variations in arches
and severe gait problems are “treated” with orthotic
devices.”'® When orthotic devices are prescribed for
use in running, they have positive effects in only ap-
proximately 70% to 80% of runners.'”® The design,
development, and fabrication of orthoses are critical
to their effectiveness. Orthoses that effectively sup-
port the longitudinal arches of the foot have been
found to significantly decrease strain in the plantar
aponeurosis.

Traditionally, feet are classified as being high, nor-
mal, or low arched. A high-arched foot is supposed to
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be at increased risk for injury to the bony structures
on the lateral side of the foot (oversupinated), whereas
a low-arched foot can be at greater risk for soft-tissue
damage on the medial side of the foot (overpronat-
ed).!! It is, therefore, important to have a relatively
easy and reliable way to classify the foot arch. There
are many indices to quantify the arch, including the fol-
lowing:

e Footprint parameters such as the arch index,* 2!
the arch length index,?? Staheli’s index,* the Chip-
paux-Smirak index,* the arch or footprint angle,? the
footprint index,? the truncated arch index,* the mod-
ified arch index,?> and the Brucken index.?” The funda-
mental premise of these indices is that the height of
the arch is related to the footprint.

e Posture-related indices such as the valgus index,!
the malleolar valgus index,?® and the foot posture
index.?

¢ Dimension-related indices such as arch height or
navicular height,'? 30 navicular height/foot length, nav-
icular height/truncated foot length,” dorsum height/
foot length, dorsum height/truncated foot length,”
navicular drop,?" 2 navicular drift,® 3 and talar head
height/arch length.*

¢ Angle-related indices such as the longitudinal
arch angle,® the rearfoot angle® the calcaneal incli-
nation angle,? and the calcaneal-first metatarsal
angle’ (Fig. 1A).

e Foot function-related indices such as the rear-
foot-forefoot angle and the center-of-pressure excur-
sion index.?8

e Visual observation, which depends on the clini-
cian’s experience.5 3

Various techniques are used to determine these in-
dices, including footprinting, pressure mapping, ra-
diographic imaging, ultrasound imaging, and observa-
tion. The reliabilities of each of these indices have

been reported in the literature.?> 4% 41 Although the ink
footprint technique has been frequently used by re-
searchers, some limitations exist with this technique.
Uncertainties inherent in interpreting the acquired
footprint and lack of efficient, accurate means of ex-
tracting footprint parameters have been identified as
major disadvantages that hinder clinicians from using
this technique to judge foot type. With the develop-
ment of pressure-mapping techniques, some of these
inherent limitations can be overcome. However, is-
sues related to the differences among the various in-
dices have not been addressed. Investigators such as
William and Morrison*? and Phelps and Kiphuth*
have disputed the ability of footprints to indicate foot
type because factors other than arch type can con-
tribute to these differences. Cobey and Sella** sug-
gested that feet having similar structures can exhibit
different footprints because of soft-tissue influences.
Thus it is no surprise that Wearing et al*> found that
the arch index is more a measure of fat feet than of
flat feet. The arch index can explain approximately
50% of the variance in arch height.> 3 What accounts
for the other 50% of the variance?

Navicular drop has gained increasing acceptance
in recent years, although the reliability of this tech-
nique is considered to be moderate,* possibly be-
cause it has excellent face validity in assessment of
the medial longitudinal arch. However, it has been
noted that navicular drop should be considered rela-
tive to the size of the foot.*” The metric proposed
herein, the midfoot dorsal angle, overcomes most of
the limitations of navicular drop. Williams and Mc-
Clay” proposed the arch height index, which is the
height of the dorsal surface of the foot at 50% of the
foot length divided by the truncated foot length. The
arch height index has been shown to be a reliable
method for foot classification.!’- % Xiong et al*® showed

Figure 1. A, Representation of the calcaneal inclination angle (8), the calcaneal—first metatarsal angle ($), and the
proposed midfoot dorsal angle (o). B, Apparatus for measuring the midfoot dorsal angle () and foot dimensions.

Journal of the American Podiatric Medical Association « Vol 100 + No 1 « January/February 2010 15



that the height at 50% of the foot length largely de-
pends on the height at the first metatarsal joint and
that the midfoot dorsal angle (o) (Fig. 1) seems to fol-
low a pattern among different individuals having dif-
ferent arch types. The midfoot dorsal angle (o) is
equal to [180 - the calcaneal inclination angle (0) —
the calcaneal-first metatarsal angle (f3)]. The angles 6
and P determined from radiographs have been used
to quantify the arch. The midfoot dorsal angle, a, is
bound to have an impact on the arch type and could
possibly be a significant improvement over the arch
height index as a metric for arch height. A special jig
with an adjustable arm was fabricated to measure the
a angle (Fig. 1B). The adjustable arm was designed to
account for variations in the length of the midfoot re-
gion among individuals.*

This article compares the various measures relat-
ed to the foot arch (Table 1), including the midfoot
dorsal angle, and then investigates the differences in
the dimensional measures among various foot types.

Methods

Participants

Forty-eight Hong Kong Chinese adults (24 men and 24
women) participated in the experiment, and none of
them had any visible foot abnormalities or a history
of significant lower-limb injury. Each participant com-
pleted a consent form before the experiment. The
study was approved by the Hong Kong University of
Science and Technology research ethics committee.
The descriptive statistics of age, stature, body weight,

body mass index, estimated body fat content, and
basic foot size dimensions of the participants are
given in Table 2.

Experimental Design and Procedure

Experimental Design. Six common methods for
measuring arch height were the independent vari-
ables in this study (Table 1). Based on these six meth-
ods, we identified nine dependent variables: the arch
height index,” %% 48 normalized navicular height, the
arch index from inked footprint, the arch index from
pressure-imaged footprint (F-Scan; Tekscan Inc,
South Boston, Massachusetts), the footprint index,
the modified arch index, the subjective ranking, the
malleolar valgus index, and the midfoot dorsal angle
(o). All of the measures were collected with the par-
ticipant in a balanced standing condition.
Experimental Procedure. After the participant’s
right foot was cleaned, one operator (S.X.) measured
the six foot dimensions of foot length, foot width,
arch length, midfoot height, navicular height, and
midfoot dorsal angle (o) (Fig. 2A) twice, with half of
the body weight on each foot with the help of set
squares, a measuring tape, and a special apparatus
(Fig. 1B). The participants were asked to place their
feet shoulder-width apart and to turn their toes out by
7°.50 They were asked to bear half of their body weight
on each foot. Thereafter, their footprints were ob-
tained with inked paper and an F-Scan pressure meas-
urement system,> which has a total of 954 sensels
laid out in a 60 x 21 matrix with a spatial resolution of
3.9 sensels/cm?. The sensor mat has a thickness of

Table 1. Methods and Corresponding Parameters for Foot-Type Classification

Method

Parameters and Definitions

Dimension related” (Fig. 2A) Arch height index (AHI): the ratio of midfoot height (H50) to arch length (AL), ie, AHI = H50 / AL
Normalized navicular height (NNH): the ratio of NH to AL, ie, NNH = NH / AL

Area related® (Fig. 2B)

Arch index (Al): the ratio of the area of the middle third of the toeless footprint to the total toeless

footprint area, ie, Al =B2/(B1 + B2 + B3)

Arch index from inked footprint and arch index from F-Scan are used to represent the Al from
inked and pressure-imaged footprints, respectively

Inked footprint index (FI): the ratio of the noncontact area to the contact area of the inked
footprint excluding the toes, ie, FI=A/(B1 + B2 + B3)

Force relateds

Modified arch index: the ratio of the plantar force on the middle third of the foot excluding the
toes to the total force on the foot

Visual observation related*¢  Subjective ranking: based on direct observation of foot images

Posture related*’ (Fig. 2B)

Malleolar valgus index: the medial malleolar displacement at the frontal plane in relation to

the supporting surface area of the heel

Angle related (Fig. 2A)
joint (medial)

Midfoot dorsal angle (a): the inclination in the midfoot area starting from the first metatarsal
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Table 2. Descriptive Statistics of the 48 Participants

Variable Mean SD Minimum Maximum

Males (n = 24)
Age (y) 23.92 4.63 19.00 36.00
Stature (cm) 170.24 6.66 157.00 186.60
Body weight (kg) 64.30 16.23 43.20 129.40
BMI 21.98 3.94 17.00 37.16
Body fat content (%) 18.87 5.61 11.50 40.03
Foot length (cm) 25.33 1.15 23.28 28.65
Foot width (cm) 9.76 0.62 8.53 11.40

Females (n = 24)
Age (y) 22.46 2.50 19.00 27.00
Stature (cm) 160.27 5.27 148.50 169.00
Body weight (kg) 54.80 8.73 42.10 76.60
BMI 21.31 3.05 16.85 31.52
Body fat content (%) 31.07 4.18 24.89 45.02
Foot length (cm) 23.24 0.86 21.55 24.58
Foot width (cm) 9.03 0.48 8.10 9.98

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by the square of the height in meters).
aBody fat content was estimated from the formula proposed by He et al5” for Hong Kong Chinese patients: (1.4 x BMI — 13.3 x
sex + 0.1 x age — 1.0), where sex = 0 for females and 1 for males.

0.15 mm. The static pressure was acquired over a du-
ration of 10 sec at a sampling rate of 50 frames per
sec. The three-dimensional shape of the right foot
when bearing half the body weight was obtained with
the Yeti laser scanner® (Vorum Research Corp, Van-
couver, British Columbia, Canada) with 14 stickers 6
mm in diameter placed on anatomical landmarks that
included the medial and lateral malleoli. The malleo-

Ptermion

Figure 2. A, Six manual foot measurements. AL indi-
cates arch length; FB, foot width; FL, foot length; H50,
midfoot height; MPJ, metatarsophalangeal joint; NH,
navicular height; and o, midfoot dorsal angle. B, A sam-
ple of arch-related parameters from a traditional inked
footprint: arch index = B2 / (B1 + B2 + B3), footprint
index =A/(B1 + B2 + B3), and malleolar valgus index =
(LC = LF) / LM * 100, where C is the bisection of the
medial malleolus (M) and the lateral malleolus (L), and
F is the intersection between the foot bisection line and
line ML.

lar valgus index was determined from the three-di-
mensional scan.>

Data Processing

The F-Scan software was used to determine the con-
tact area, forces, and mean and peak pressures of the
500 frames of data, equivalent to 10 sec, in the heel,

Lateral

. & border

Medial
border

B3
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midfoot, and forefoot thirds of the foot, excluding the
toe areas. The mean of the 500 frames was then used
to calculate the two parameters related to the pres-
sures: the arch index from F-Scan and the modified
arch index. The footprint parameters arch index from
inked footprint and footprint index have generally
been determined with a planimeter or by counting the
number of squares of known area within an enclosed
region. Instead, a C++ program was developed to cal-
culate the areas from the scanned inked footprints
(Fig. 2B). The program was validated with AutoCAD
(2004.00.0 version), and the error related to the area
calculation was estimated to be within 1.0% (mean
[SD], 0.05% [0.31%]). The malleolar valgus index was
calculated from the two-dimensional foot outline ob-
tained from the laser scan in conjunction with the
two malleolar landmarks as proposed by Song et al.?®

Results

The Metrics

The means, SDs, maximums, and minimums of the
various parameters are presented in Table 3. A two-
sample ¢ test showed no gender differences in the
nine parameters. Hence, the data from the male and
female participants were pooled together in subse-
quent analyses.

The intraclass correlation coefficient (ICC) type
(2,1)* was determined to assess the reliability of each
metric from two trials by the same operator (S.X.) on

48 participants. The ICC values were as follows: arch
index from inked footprint, 0.960; arch index from F-
Scan, 0.982; footprint index, 0.962; modified arch
index, 0.982; arch height index, 0.963; normalized nav-
icular height, 0.984; midfoot dorsal angle (o), 0.940;
and subjective ranking, 0.767.

The Pearson correlation coefficients () among the
foot arch parameters are summarized in Table 4. Cor-
relations among all investigated parameters were sig-
nificant (P < .05) except for some correlations with
malleolar valgus index and between modified arch
index and arch height index. In particular, the arch
index from the traditional ink footprint method showed
moderate to strong correlations (range, 0.520-0.892)
with all of the other parameters except for the malle-
olar valgus index.

When correlations exist among the variables inves-
tigated, factor analysis provides a method for analyz-
ing the underlying structure of the interrelationships
by determining a set of common underlying dimen-
sions called factors.?> The factor analysis using the
principal component method with varimax rotation
showed the emergence of three dominant groups that
explain 87.8% of the variance (Table 5). The first
group is dominated by the area-related measures of
arch index from inked footprint, arch index from F-
Scan, and footprint index and the force-related pa-
rameter modified arch index; the second group in-
cludes the foot dimension-related measures of arch
height index, normalized navicular height, and the
midfoot dorsal angle (o); and the third group includes

Table 3. Descriptive Statistics of the Foot-Type Classification Parameters for Male and Female Participants

Variable Mean SD Minimum Maximum

Males (n = 24)
Arch height index 0.354 0.019 0.322 0.394
Normalized navicular height 0.142 0.031 0.088 0.199
Arch index from inked footprint 0.241 0.056 0.111 0.352
Arch index from F-Scan 0.205 0.079 0.029 0.318
Inked footprint index 0.308 0.110 0.068 0.453
Modified arch index 0.101 0.063 0.006 0.245
Subjective ranking 2.000 0.659 1.000 3.000
Malleolar valgus index 13.072 4.175 5.587 21.694
Midfoot dorsal angle (a) (°) 25.125 2.595 20.750 31.000

Females (n = 24)
Arch height index 0.352 0.029 0.311 0.416
Normalized navicular height 0.140 0.030 0.073 0.185
Arch index from inked footprint 0.235 0.035 0.156 0.329
Arch index from F-Scan 0.203 0.069 0.024 0.355
Inked footprint index 0.327 0.084 0.119 0.498
Modified arch index 0.105 0.059 0.005 0.207
Subjective ranking 1.875 0.680 1.000 3.000
Malleolar valgus index 11.026 4.934 2.399 19.557
Midfoot dorsal angle (a) (°) 24.615 2.368 20.000 29.750
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Table 4. Pearson Correlation Coefficients Among the Different Metrics

Pearson Correlation Coefficients (r)

Variable AHI NNH AIF AIP Fl MAI SR MVI  Midfoot Dorsal
Angle (o)

AHI 1

NNH 0.7672 1

AIF -0.520 -0.6642 1

AIP -0.323 -0.472 0.8412 1

Fl 0.436 0.6882 -0.8922 -0.7602 1

MAI -0.273° -0.342 0.7592 0.893a -0.674a 1

SR -0.633 -0.7402 0.713a 0.517 -0.7167 0.516 1

MVI -0.427 -0.422 0.290° -0.033? -0.221¢? -0.1312 0.465 1

Midfoot dorsal 0.8144 0.682 —-0.723a -0.550 0.628 -0.522 —-0.723a -0.353 1
angle (o)

Abbreviations: AHI, arch height index; AIF, arch index from inked footprint; AIP, arch index from F-scan; Fl, inked footprint
index; MVI, malleolar valgus index; MAI, modified arch index; NNH, normalized navicular height; SR, subjective ranking.

aAbsolute value of r> 0.65.
bCorrelation is not significant (P> .05).

the foot posture-related parameter malleolar valgus
index.

Effect of Arch Type on the Physical Measures

The arch index from inked footprint showed moder-
ate to high correlations (r = 0.52-0.89) with all of the
measures except for malleolar valgus index. Hence,
the arch index from inked footprint was used to classi-
fy the feet into high-, normal-, and low-arched groups.
The arch index from inked footprint distribution of
all of the participants is shown in Figure 3. The feet
were classified with the first and third quartiles, as
suggested by Cavanagh and Rodgers* the arch index
from inked footprint was less than 0.217 for high-

arched feet, 0.217 to less than 0.261 for normal-
arched feet, and 0.261 or greater for low-arched feet.
These ranges are similar to those suggested by Ca-
vanagh and Rodgers* and are discussed later herein.
Based on the previous criterion, 12 of the participants
had high-arched feet, 24 had normal-arched feet, and
12 had low-arched feet.

An analysis of variance was performed to deter-
mine whether there were any differences among the
three foot types (Tables 6 and 7). The results showed
no significant differences in age, stature, weight, body
mass index, estimated body fat content, foot length,
foot width, and midfoot height (P > .05) (Table 6).
However, arch length, the arch length to foot length
ratio, and navicular height were significantly different

Table 5. Factor Analysis of the Nine Metrics Using the Principal Component Method with Varimax Rotation

Factor
Variable 1 2 3 4 5 6 7 8 9
Arch height index -0.13 0.922  -0.20 0.26 -0.15 0.06 -0.10 -0.02 0.00
Normalized navicular height -0.24 0.502 -0.21 0.742 -0.24 0.22 0.03 -0.03 0.01
Arch index from inked footprint 0.742  -0.30 0.21 -0.21 0.19 -0.38 -0.08 0.31  -0.01
Arch index from F-Scan 0.942  -0.16 -0.04 -0.17 0.09 -0.15 -0.04 0.00 -0.20
Inked footprint index -0.607 0.20 -0.12 0.29 -0.26 0.662 0.05 -0.01 0.00
Modified arch index 0.942  -0.15 -0.13 -0.02 0.19 -0.07 -0.03 -0.04 0.20
Subjective ranking 0.36 -0.38 0.28 -0.25 0.742  -0.20 -0.05 0.03 0.00
Malleolar valgus index -0.08 -0.21 0.962  -0.12 0.14 -0.06 -0.02 0.02 0.00
Midfoot dorsal angle (a) -0.38 0.762  -0.17 0.10 -0.24 0.18 0.39 -0.04 0.00
Variance explained by each factor 5.59 1.68 0.63 0.39 0.28 0.20 0.09 0.07 0.06
% Variance explained by each factor 62.10 18.68 7.04 4.33 3.12 2.24 1.03 0.77 0.69
Cumulative % variance 62.10 80.78 87.82 92.15 95.3 97.51 98.54 99.31 100.0
aFactor loading = 0.5.
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Figure 3. Distribution of the arch index from inked
footprint (AIF) values with the first (Q1) and third (Q3)
quartiles to classify foot arch types (AIF < Q1 is high
arched, Q1 <AIF < Q83 is normal arched, and AlIF = Q3
is low arched).

among the three groups (P < .05). As expected, the
low-arched group had significantly longer arch lengths
than the normal- and high-arched groups by approxi-
mately 1.0 cm. Navicular height, the midfoot dorsal
angle (o), the arch index from F-Scan, the footprint
index, the modified arch index, the arch height index,
normalized navicular height, and the subjective rank-
ing were significantly different among the three groups
(Table 7). The malleolar valgus index was the only
variable that was not significant among the three
types of feet primarily because of the high variance
among the participants.

Figure 4 shows the distribution of loading on each
of the three regions for the three foot-type groups.
The high-arched group had 17% more loading (P <
.05) in the rearfoot, 11% less in the midfoot, and about

the same amount in the forefoot (P = .709) compared
with the low-arched group. These findings indicate
that the loading distribution differences are between
the midfoot and the rearfoot. The load distributions
cause differences in peak pressures as well. High-
arched feet had significantly smaller peak pressures
in the midfoot region but larger peak pressures in the
rearfoot region (P < .05) (Fig. 5). The mean (SD) peak
pressures in the rearfoot region of the high-, normal-,
and low-arched groups were 112.6 (27.51) kPa, 101.57
(22.47) kPa, and 91.14 (24.19) kPa, respectively.

Discussion

In this study, nine parameters related to the arch of
the human foot were calculated with six different
methods, and it was found that there were significant
(P < .05) correlations among all of the foot parame-
ters except for the malleolar valgus index (Table 4).
The inked footprint arch index had moderate to high
correlations with the arch index from F-Scan, the
footprint index, the modified arch index, the midfoot
dorsal angle (o), the arch height index, normalized
navicular height, and the subjective ranking. Hawes
et al? and Shiang et al® also reported a significant cor-
relation between the arch index from inked footprint
and the footprint index, with correlation coefficients
of —-0.59 and -0.55, respectively. Herein, the correla-
tion was higher, with » = —0.892. The differences
could be attributable to the method used to acquire
the footprint or possibly the population surveyed.
The subjective ranking, which was based on visual
observation, also showed a significant correlation of
0.713 with the arch index from inked footprint. The

Table 6. Age, Stature, Weight, and Manual Foot Measurements by Foot-Type Group

Group Effect

Mean + SD (from SNK Test)

Variable (P Value from ANOVA) High Arch (n =12) Normal Arch (n = 24) Low Arch (n=12)
Age (y) .547 23.75 +3.47 22.58 +4.33 23.83+2.72
Stature (cm) .970 165.25 + 8.57 165.02 +7.28 165.72 + 8.63
Weight (kg) .450 56.83 +2.68 58.83 +9.37 63.72 £ 21.52
BMI .323 20.63 +2.68 21.58 +3.08 22.79 £4.77
Body fat content (%) .687 23.60 +6.81 25.93 +8.41 24.42 +8.13
FL (cm) .130 23.90+1.39 2411 £1.44 25.00 +1.43
AL (cm) .0212 17.00 +1.04 17.19 £0.95 18.09 £ 1.10°
AL to FL ratio (%) .00112 71.13+0.82 71.34+£1.19 72.35 +0.89°
Foot width (cm) .186 9.12+0.60 9.43 +£0.67 9.61 +0.67
Midfoot height (cm) .336 6.30 +£0.43 6.08 +0.44 6.02 +0.60
Navicular height (cm) <.00012 2.81 £0.40° 2.53 +0.33% 1.87 £0.38?

Abbreviations: AL, arch length; ANOVA, analysis of variance; BMI, body mass index (calculated as weight in kilograms divided
by the square of the height in meters); FL, foot length; SNK, Student-Newman-Keuls.

aP < .05, ie, there is a significant effect of foot-type group.
bSignificantly different from other arch groups.
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Table 7. Foot-Type Classification Parameters by Foot-Type Group

Group Effect

Mean + SD (from SNK Test)

Variable (P Value from ANOVA) High Arch (n=12) Normal Arch (n = 24) Low Arch (n=12)
Arch index from F-Scan <.00014 0.127 £0.07 0.206 +0.05 0.278 +0.04
Inked footprint index <.00012 0.417 +0.04 0.334 +0.04 0.185 +0.07
Modified arch index <.00012 0.047 +0.04 0.104 +0.05 0.158 +0.05
Arch height index .00022 0.371 +0.02 0.354 +0.02 0.332 +0.02
Normalized navicular height <.00014 0.165 +0.02 0.147 £0.02 0.104 +0.02
Subjective ranking <.00012 1.250 £0.45 1.920 +£0.41 2.670 £0.49
Malleolar valgus index .1350 11.160 +4.94° 11.330 + 4.26° 14.370 +4.67°
Midfoot dorsal angle (o) <.00012 27.080 +1.98 24.950 +1.92 22.500 +1.72

Abbreviations: ANOVA, analysis of variance; SNK, Student-Newman-Keuls.

aP < .05, ie, there is a significant effect of foot-type group.

bThe arch groups are not significantly different from each other.

subjective ranking is popular in clinical settings, espe-
cially when quick evaluations need to be made and
when the equipment necessary to determine the objec-
tive measures is not available.* However, researchers
have argued that this approach is too subjective, that
it can vary from person to person, and that it depends
on the experimenter’s experience.® The reliability of
all of the measures was higher than 0.9, except for
the subjective ranking. The midfoot dorsal angle, o,
which is related to the calcaneal-first metatarsal
angle and the calcaneal inclination angle (Fig. 1),
seems to be related to factors 1 and 2 (Table 5), with
a dominant effect from factor 2. This indicates that
the midfoot dorsal angle may have a useful combina-
tion of pressure-related parameters as well as the
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Figure 4. Distribution of mean force values relative to
half the body weight in the three regions of each foot
type. Error bars represent SD.

navicular-related dimensions. The midfoot dorsal
angle may, indeed, be appropriate for characterizing
the foot arch because it accounts for the foot length
dimension as well.

The arch height index has been shown to be a reli-
able metric for assessing the foot arch.? This study
has shown that the midfoot dorsal angle, o, is compa-
rable with the arch height index in terms of its rela-
tion to the arch height index and the reliability of the
metric. The ICC of the midfoot dorsal angle, a, is
0.940, whereas the ICC of the arch height index is
0.963. Furthermore, the correlation analysis showed
that of all of the parameters, midfoot dorsal angle (o)
has the highest Pearson correlation (» = 0.814) with
the arch height index (Table 4). Note that the midfoot
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Figure 5. Mean peak pressures in the different foot
types. Error bars represent SD.
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dorsal angle is relatively easier to measure compared
with the arch height index. A weak correlation be-
tween the malleolar valgus index and the other arch
measures does not mean that the malleolar valgus
index is not important in foot characterization (Table
4). The malleolar valgus index may be viewed as a
measure that can characterize dynamic foot function.
Hence, it is no surprise that the malleolar valgus
index has a strong correlation with navicular drop.*
Most measures are generally obtained with the partic-
ipant in a balanced standing position. However, if all
of the measures are obtained with a 30° knee flexion
angle, as outlined by Billis et al,*” it may be hypothe-
sized that the correlations of the other measures with
the malleolar valgus index may be higher.

Owing to the lack of any other available classifica-
tion method, the arch index from inked footprint was
used to separate the 48 participants into the three
groups of high-, normal-, and low-arched feet. The
values of 0.217 and 0.261 corresponded to the first
and third quartiles, respectively, and these two values
were comparable with the range of 0.21 to 0.26 sug-
gested by Cavanagh and Rodgers,* indicating that
these values are possibly population invariant. In the
three groups, there were no significant differences in
age, stature, weight, body mass index, estimated body
fat content, foot length, foot width, and midfoot height
(P > .05), indicating that there are no clear indicators
that relate to the type of arch. This finding is consistent
with findings from Rao and Joseph®® and Twomey,*
who also reported that body weight and body mass
index are not related to the type of arch, although
Wearing et al® reported that a high body mass index
or high body fat content is associated with a person
having low-arched feet.

In terms of dimensions, there were significant dif-
ferences in arch length, navicular height, and midfoot
dorsal angle among the three foot-type groups. Com-
pared with the high-arched group, the low-arched
group had a significantly longer arch length (mean
difference, 1.09 cm) but a smaller navicular height
(mean difference, 0.94 cm) and a lower midfoot dor-
sal angle (mean difference, 4.58°). The mean midfoot
dorsal angles for the low-, normal-, and high-arched
feet were 22.5°, 24.95° and 27.08°, respectively. Al-
though these angles may be sufficient for classifying
the arch type, the first and third quartiles were deter-
mined to compare with the well-known arch index.
The first and third quartiles of o were 22.688° and
26.188°, respectively (Fig. 6). When the first and third
quartiles were used to classify the feet as low, nor-
mal, and high arched, 33 of the 48 participants had
the same classification as with the arch index from
the inked footprint. In other words, there is 69% simi-
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Figure 6. Distribution of the mean midfoot dorsal
angle (o) values with the fitted normal curve. The first
(Q1) and third (Q3) quartile values correspond to
22.688° and 26.188°, respectively.

larity between the midfoot dorsal angle and the arch
index. Given the limitations of the arch index,* it is
unlikely that the proposed measure, o, will have per-
fect agreement with the arch index from inked foot-
print. Six of the males who were classified differently
had the highest body mass index and body fat con-
tent, which was calculated with the prediction formu-
la for Hong Kong Chinese.”” However, a similar pat-
tern was not seen in females, possibly because the
percentage of body fat was estimated rather than
measured or owing to the differences in the Hong
Kong Chinese population.

The force distribution (Fig. 4) and peak pressures
(Fig. 5) were different among the different arch types.
The differences were in the midfoot and rearfoot re-
gions, whereas loading on the forefoot was not signif-
icantly different among the three groups. In the high-
arched group, the rearfoot had 17% more loading and
the midfoot had 11% less loading than in the low-
arched foot group. These differences resulted in the
high-arched group having a significantly lower peak
pressure in the midfoot region but a higher peak pres-
sure in the rearfoot region (Fig. 5) compared with the
low-arched group. The mean (SD) peak pressures in
the rearfoot were 112.6 (27.51) kPa in high-arched feet,
101.57 (22.47) kPa in normal-arched feet, and 91.14
(24.19) kPa in low-arched feet. Witana et al*® reported
that a characteristic feature of a comfortable footbed
is a peak pressure lower than 100 kPa. It is clear that
some sort of additional support is needed for high-
arched feet to reduce the high-peak pressures.

A limitation of this study is that all of the measures
were evaluated with the patient in a standing posture.
The parameters may be different during gait,> al-
though it may not be easy to determine each of the

22 January/February 2010 * Vol 100 « No 1 - Journal of the American Podiatric Medical Association



measures under dynamic conditions. Overall, it seems
that the midfoot dorsal angle is a quick and easy way
to characterize the arch of a foot without using the te-
dious procedures associated with area calculations
and dimension measurements.
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