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Background: Research addressing the effect of running shoe type on the low- or high-
arched foot during gait is limited. We sought 1) to analyze mean plantar pressure and mean
contact area differences between low- and high-arched feet across three test conditions, 2)
to determine which regions of the foot (rearfoot, midfoot, and forefoot) contributed to poten-
tial differences in mean plantar pressure and mean contact area, and 3) to determine the
association between the static arch height index and the dynamic modified arch index.

Methods: Plantar pressure distributions for 75 participants (40 low arched and 35 high
arched) were analyzed across three conditions (nonshod, motion control running shoes,
and cushioning running shoes) during treadmill walking.

Results: In the motion control and cushioning shoe conditions, mean plantar contact
area increased in the midfoot (28% for low arched and 68% for high arched), whereas
mean plantar pressure decreased by approximately 30% relative to the nonshod condi-
tion. There was moderate to good negative correlation between the arch height index
and the modified arch index.

Conclusions: Cushioning and motion control running shoes tend to increase midfoot
mean plantar contact area while decreasing mean plantar pressure across the low- or

high-arched foot. (J Am Podiatr Med Assoc 99(4): 330-338, 2009)

An estimated 30 million Americans run to develop or
maintain aerobic fitness; approximately one-half to
two-thirds of these individuals will sustain at least one
injury that will limit running for 1 week or longer.! In
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the military population, nearly half of all injuries
have been reported to be associated with physical fit-
ness training; approximately 30% of these injuries
have been linked to running.? Researchers? have
found that soldiers with running-related training in-
juries miss more than seven times the number of mil-
itary training days as do those who sustain injuries
unrelated to running.

Although there are conflicting reports in the litera-
ture, researchers?® 4 have suggested an association be-
tween arch type and risk of overuse-related training
injuries. Kaufman et al! reported that individuals
with either a low- or a high-arched foot were twice as
likely to sustain an overuse-related injury as were
those with normal arches. Several authors>” have re-
ported that individuals with low-arched feet are at
greater risk for stress fractures, whereas others?* &10
have concluded that individuals with high-arched
feet are at greater risk. Williams et all! found that
both low- or high-arched feet were associated with
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specific injuries. Individuals with high-arched feet
were more likely to experience ankle injuries, bony-
related injuries, and injuries associated with the later-
al aspects of the lower extremity. Individuals with
low-arched feet were more likely to report knee in-
juries, soft-tissue-related injuries, and injuries associ-
ated with the medial aspects of the lower extremity.

Several static arch indices have been developed
and described in the literature to classify arch type.!>15
The arch height index used by Williams and McClay!®
incorporated foot length to normalize arch height val-
ues. This tool has been found to be a reliable index
that can help identify subgroups of individuals at risk
for specific injuries based on arch height.!!

Although lower-extremity overuse injuries are mul-
tifactorial, running shoes and orthotic devices are the
only equipment-related control measures used to help
prevent or minimize these injuries. In an observational
study, Knapik et al’> noted a 50% reduction in lower-
extremity injuries and low-back pain after implemen-
tation of a running shoe selection program designed
to match an individual’s foot type to a specific run-
ning shoe recommendation. Although the confound-
ing variables in this study prevent establishment of a
cause-effect relationship, further research into the
runner-footwear interaction is warranted. Recently,
Butler et al'” demonstrated that motion control shoes
control rearfoot motion better than cushioning shoes,
whereas cushioning shoes are more effective at atten-
uating shock. Although disagreement exists among
researchers,'3? these findings help support previous
biomechanical studies?** suggesting that the midsole
properties of motion control shoes may help limit or
control pronation, while the midsole properties of
cushioning shoes may help decrease the magnitude
of lower-extremity shock.

Direct in-shoe pressure measurements may allow
researchers to further explore the relationship be-
tween arch type and running shoe design. Although
technology exists to measure plantar mean contact
areas and mean pressures during stance or gait, this
technology has primarily been applied to assess the di-
abetic foot.??” Using pressure measurements, Chu et
al® found that the modified arch index had a moderate
negative correlation with arch height. However, limited
data exist that address the effect of running shoe type
on modified arch index pressure distributions.

Given the potential that arch type may affect run-
ning-related overuse injury risk and the limited data
that address the effect of running shoe type on dy-
namic foot motion, the primary purpose of this study
was to analyze differences in plantar pressure and
mean contact area values between low- and high-
arched individuals across three conditions: nonshod,

motion control running shoes, and cushioning run-
ning shoes. A secondary purpose was to determine
which regions of the foot (rearfoot, midfoot, and fore-
foot) contributed to potential differences in mean
plantar pressure and mean contact area. A tertiary
purpose was to determine whether an association ex-
ists between the static arch height index and the dy-
namic modified arch index.

Methods

Participants

As part of a larger epidemiologic study, the foot type
of 543 individuals was assessed. Individuals with an
arch height index greater or less than 1.5 SD from the
group mean and whose foot size fell within the range
of shoe sizes available to the researchers (women'’s
shoe sizes: 6-10; men’s shoe sizes: 7-14) were invited
to participate in this study. The researchers used the
strict inclusion criterion of an arch height index of
+1.5 SD from the group mean to minimize the poten-
tial for including normal-arched individuals with no
more than slight arch height deviations. Williams et
al'! previously used this criterion to limit their focus
to patients “whose capacity for compensation may be
more limited in scope.”®33) Participants were exclud-
ed if they demonstrated an analgesic gait, could not
bear weight independently through both lower ex-
tremities, had any digital deformities, or were cur-
rently being treated for any lower-extremity condi-
tion. This study was approved by the Brooke Army
Medical Center institutional review board. All of the
participants signed an informed consent form ap-
proved by the same institutional review board.

Experimental Procedures

The arch height index was used to identify individuals
with a high- or low-arched foot. The arch height index
was calculated by measuring with a caliper device the
dorsum height at 50% of total foot length and dividing
that value by the truncated foot length measured from
the heel to the first metatarsal head.!t 16 The arch
height index was measured with the patient at 50%
weightbearing (the patient stood with each foot on a
separate digital scale until his or her weight was even-
ly distributed). During a pilot study, we found arch
height index to have an intraclass correlation coeffi-
cient [3,1] of 0.96 (95% confidence interval, 0.93-0.98).
Cutoff values to define low- and high-arched individu-
als were calculated on the basis of the mean arch
height index for all 543 individuals, subtracting 1.5 SD
to identify the low-arched group (<0.306) and adding
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1.5 SD (>0.386) to identify the high-arched group.
These values were similar to previous reports that
used the arch height index to categorize individuals
based on arch height.!® If a participant met the arch
height index inclusion criterion bilaterally, the foot
with the extreme value was analyzed in this study.

Mean plantar contact area and mean plantar pres-
sure measurements were recorded with capacitance-
based pressure-sensing insoles (Pedar; Novel Electron-
ics Inc, Munich, Germany). Each pressure-sensing
insole was 2.5 mm thick, with a sampling rate of 50
Hz. Before each participant’s arrival for data collec-
tion, the insoles were calibrated across a pressure
range of 0 to 60 N/cm? at intervals of 5 N/cm?. Hsiao
et al® reported that this range of calibration pres-
sures allowed for measurements that were as accu-
rate as those taken from insoles calibrated across a
larger range of pressures. The insoles were secured
to the participants’ feet with antiembolism stockings
(CAP; Carolon Co, Rural Hall, North Carolina), which
remained in place for all of the shod conditions. This
method of securing the insoles is based on a similar
technique that used a nylon sock and tape to secure
the insoles.?

Mean plantar contact area and mean plantar pres-
sure measurements were recorded while the partici-
pant walked on a calibrated treadmill (Biodex Reha-
bilitation Treadmill; Biodex Medical Systems, Shirley,
New York) at 3.0 mph across three different test con-
ditions (nonshod, motion control shoe, and cushion-
ing shoe). Plantar contact area and pressure measure-
ments were assessed during the stance phase of gait.
The researchers elected to measure area and pres-
sure based on the findings of Butler et al'” that these
variables change in different manners in response to
changes in footwear type.

The shoes were manufactured by New Balance
Athletic Shoe Inc (Boston, Massachusetts) and were
classified by the manufacturer as cushioning (model
880) or motion control (model 1122). The motion
control shoe had a dual-density midsole with medial
and lateral rearfoot posting, whereas the cushioning
shoe had a single-density midsole and lacked rearfoot
posting. After the participant was placed in one of the
three test conditions (motion control shoe, cushion
shoe or insoles, and stockings for nonshod), the in-
soles were zeroed by unweighting the lower extremi-
ty one side at a time. For familiarization, the partici-
pants then walked on the treadmill at 3.0 mph for 2
min in the selected condition. After familiarization,
plantar pressure data were recorded for 30 sec during
treadmill walking. This procedure was completed for
each test condition. The order of testing for the three
conditions was counterbalanced.

Data Analysis

Mean plantar contact area and mean plantar pressure
measurements were collected across a ten-step inter-
val. A ten-step interval was selected based on the find-
ings of Kernozek et al,>! who reported a reliability coef-
ficient of 0.90 across all foot regions in as few as nine
steps while using Pedar insoles. For analysis of mean
plantar contact area and mean plantar pressure, the
foot was divided into three regions on the basis of the
work of Cavanagh et al.?> 3 These divisions were used
to calculate the two dependent measures: modified
arch index and modified pressure index. The modified
arch index was calculated by dividing the mean plantar
contact area of the midfoot by that of the entire plantar
foot.?* In contrast to the determination by Chu et al** of
the modified arch index while participants stood on a
force plate, modified arch index determination in this
study occurred as previously described through in-
shoe pressure sensor measures during walking. The
modified pressure index was calculated by dividing the
mean contact pressure of the midfoot by that of the en-
tire foot (Fig. 1).

A 2 x 3 mixed-model repeated-measures analysis
of variance (o = .05) with a Greenhouse-Geyser cor-
rection was performed for each dependent measure.

Forefoot

Midfoot

Rearfoot

Figure 1. Three anatomical mask regions for evalua-
tion of the modified arch and pressure indices: rear-
foot (0%—27%), midfoot (27%—-55%), and forefoot
(55%—100%).
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Independent variables were arch type (low and high)
and shod condition (nonshod, cushioning shoe, and
motion control shoe). Post hoc paired ¢ tests with
Bonferroni correction were performed for the high-
and low-arched groups to identify significant differ-
ences in modified arch index or modified pressure
index across the shod conditions.

A secondary analysis of individual foot regions
(rearfoot, midfoot, and forefoot) was performed to
determine which foot regions contributed to the vari-
ations in modified arch index and modified pressure
index found on the initial analysis. Separate 2 x 3
mixed-model analyses of variance for mean plantar
contact area and mean plantar pressure were used to
delineate significant differences among arch type and
the three test conditions. Post hoc paired ¢ tests with
Bonferroni correction were performed for rearfoot,
midfoot, and forefoot mean contact areas and mean
pressures to identify significant differences across
the test conditions.

Correlation coefficients were derived to analyze
the relationship between the static arch height index
and the two dynamic measures (modified arch index
and modified pressure index) for all three test condi-
tions. The criteria for evaluation of correlation coeffi-
cients were in accordance with those cited by Port-
ney and Watkins.?> Correlation coefficient values less
than 0.25 were categorized as having little or no rela-
tionship. Correlation coefficient values of 0.25 to 0.50
were categorized as being fair correlations; values
greater than 0.50 to 0.75 were categorized as being
moderate to good correlations. Finally, correlation
coefficient values greater than 0.75 were categorized
as being good to excellent. Statistical analysis was
performed with Microsoft Excel spreadsheet soft-
ware (Microsoft Corp, Redmond, Washington) and
SPSS 11.5 statistical software (SPSS Inc, Chicago, Illi-
nois). Novel Scientific software (Novel Electronics
Inc) was used for management and analysis of mean
plantar contact areas and mean plantar pressure dis-
tributions.

Results

Of 543 individuals screened, 73 were identified as
having a low arch and 53 as having a high arch. Seven-
ty-eight participants (43 low arched and 35 high
arched) volunteered for data collection in this study.
Because of errors in data files, three participants
were excluded from data analysis. Final data analysis
was performed on 75 participants (54 male and 21 fe-
male), with a mean (SD) age of 27.4 (6.5) years. Forty
of these participants had a low arch and 35 had a high
arch. Demographic data are presented in Table 1.

Table 1. Demographic Data

Low-Arched High-Arched
Group (n=40)  Group (n =35)
Age (y) 26.5 (6.5) 28.3 (6.5)
Height (cm) 171.0 (6.6) 173.9 (7.9)
Weight (kg) 74.5 (12.1) 76.6 (12.3)
Body mass index (kg/m?) 25.4 (3.4) 25.2(2.9)

Note: Values are given as mean (SD).

Effect of Arch Height and the Shod Condition
on the Modified Arch Index

A significant interaction effect was found for modi-
fied arch index between the shod condition and arch
height (P = .017). In addition, there were significant
main effects for shod condition (P < .001) and arch
height (P < .001). For participants with a low-arched
foot, there was a significant difference in modified
arch index among all pairwise comparisons for the
shod condition (P < .001) (Table 2), demonstrating a
decrease in modified arch index values from the
cushioning to the motion control to the nonshod con-
ditions. For participants with a high arch, modified
arch index values were increased in the cushioning
and motion control conditions compared with the
nonshod condition (P < .001). No significant differ-
ence in modified arch index was found between the
cushioning and motion control conditions for high-
arched participants (P = .737).

Mean plantar contact area for low-arched partici-
pants was significantly different among the shod con-
ditions in the midfoot (P < .001) and forefoot (P <
.001) (Table 2 and Fig. 2). For the rearfoot, the mean
plantar contact area was significantly different be-
tween the nonshod and cushioning shoe conditions
(P < .001) and between the nonshod and motion con-
trol shoe conditions (P < .001). Mean plantar contact
area in the rearfoot was not significantly different be-
tween the cushioning and motion control shoe condi-
tions (P = .052). Differences in midfoot mean plantar
contact areas in participants with low-arched feet
were greatest when comparing the nonshod and the
cushioning shoe conditions (33% increase) and the
nonshod and the motion control shoe conditions
(24% increase). There was a 7% increase in midfoot
contact area from the motion control to the cushion-
ing shoe condition in low-arched feet.

Mean plantar contact area in high-arched feet was
significantly different in the rearfoot, midfoot, and
forefoot for the nonshod compared with the cushion-
ing (P < .001) and motion control (P < .001) condi-
tions (Table 2 and Fig. 2). The greatest differences
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Table 2. MAl and Mean Contact Area Values for the Forefoot, Midfoot, and Rearfoot Regions by Arch Type and Test Condition

Low-Arched Group (n = 40)

High-Arched Group (n = 35)

Nonshod Cushioning Motion Control Nonshod Cushioning Motion Control
Shoe Shoe Shoe Shoe
MAI (mean [SD]) 0.238 (0.055)?¢ 0.281 (0.037)=¢ 0.268 (0.036)2>  0.134 (0.064)>¢ 0.194 (0.042)2  0.192 (0.041)a
Mean (SD)
contact area (cm?)
Forefoot 67.1 (10.6)>¢  73.6 (11.3)2c  72.1 (11.3)a® 58.9 (7.4)b-¢ 67.2 (7.1)2 67.6 (6.7)2
Midfoot 32.7 (11.4)>c  43.6(9.8)2¢ 40.6 (10.0)25 14.7 (8.4)b¢ 24.8 (6.8)2 24.7 (6.2)2
Rearfoot 33.4 (4.0)>¢ 36.3 (4.1)2 36.8 (4.2)2 31.4 (3.2)b.¢ 34.9 (3.3)2 35.1 (3.6)2

Abbreviation: MAI, modified arch index (plantar mean contact area of the midfoot/plantar mean contact area of the entire foot).

aSignificantly different versus the nonshod condition.
bSignificantly different versus the cushioning condition.

cSignificantly different versus the motion control condition.

were found in the midfoot, with increases in mean
contact area of 69% from the nonshod to the cushion-
ing condition and of 68% from the nonshod to the mo-
tion control shoe condition. There was no difference
in mean contact area between the cushioning and mo-

—a&— LA Cushioning
—=&— |_A Motion control
LA Nonshod
- =& - HA Cushioning
—#&— HA Motion control
HA Nonshod
80 -
70 4
60 4
50 4
40 4
30 4
20 4
10 {
0 T T

Rearfoot Midfoot Forefoot
Figure 2. Mean contact area of the three foot regions
for individuals with low-arched (LA) and high-arched
(HA) feet during each of the three test conditions:
cushioning, motion control, and nonshod. Compared
with the nonshod condition, the mean midfoot contact
area increased in those with a low-arched foot by 33%
in cushioning shoes and by 24% in motion control
shoes; in those with a high-arched foot, the mean
contact area increased 69% in cushioning shoes and
68% in motion control shoes.

334

tion control shoe conditions for the rearfoot (P = .362),
midfoot (P = .848), or forefoot (P = .5682). The increase
in midfoot contact area from the motion control to
the cushioning shoe condition was 0.4%.

Effect of Arch Height and the Shod Condition
on the Modified Pressure Index

There was no significant interaction effect between
the modified pressure index and arch height (P =
.752). There also was no significant main effect for
arch height (P = .110). A significant main effect exist-
ed for the shod condition (P < .001) (Table 3). For
low- and high-arched feet, a significant difference ex-
isted in the modified pressure index between the cush-
ioning and nonshod conditions (P < .001) and between
the motion control and nonshod conditions (P < .001).
No significant difference existed between the cushion-
ing and motion control shoe conditions (P > .3).
Overall, mean plantar pressure decreased by ap-
proximately 40% in the forefoot and rearfoot for the
cushioning and motion control shoe conditions com-
pared with the nonshod condition. Mean plantar pres-
sure increased by approximately 15% to 20% in the
midfoot from the nonshod to either shod condition
(Fig. 3). Regardless of arch type, mean plantar pres-
sure was significantly different in the forefoot and
rearfoot between the nonshod and cushioning condi-
tions (P < .001) (Table 3) and between the nonshod
and motion control conditions (P < .001). Mean plan-
tar pressure was significantly different in the midfoot
between the nonshod and motion control shoe condi-
tions (P < .002) for individuals with low- or high-
arched feet. Mean plantar pressure was also signifi-
cantly different between the nonshod and cushioning
shoe conditions (P < .001) for those with high-arched
feet. However, for individuals with low-arched feet,
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Table 3. MPI and Mean Pressure for the Forefoot, Midfoot, and Rearfoot Regions by Arch Type and Test Condition

Low-Arched Group (n = 40)

High-Arched Group (n = 35)

Nonshod Cushioning Motion Control Nonshod Cushioning Motion Control
Shoe Shoe Shoe

MPI (mean [SD]) 0.137 (0.051)2¢ 0.213 (0.048)> 0.212(0.047)® 0.116 (0.051)>¢ 0.199 (0.058)>  0.194 (0.054)®
Mean (SD)
pressure (kPa)
Forefoot 438.9 (82.0)»c 316.0 (91.1)® 309.8 (85.8) 428.2 (69.1)=¢  303.5(59.5)° 298.4 (56.8)b
Midfoot 118.3 (44.9)ac  134.4 (34.4)° 131.1 (26.7)° 107.2 (54.2)2°  133.6 (41.0)® 127.2 (34.7)°
Rearfoot 318.6 (76.0)*¢  188.6 (54.4)° 188.9 (49.9)? 376.8 (78.0)*¢  241.0 (72.4)® 236.6 (46.2)°

Abbreviation: MPI, modified pressure index (plantar mean pressure of the midfoot/plantar mean pressure of the entire foot).

aSignificantly different versus the cushioning condition.
bSignificantly different versus the nonshod condition.

cSignificantly different versus the motion control condition.

mean plantar pressure was not significantly different
between the nonshod and cushioning shoe conditions
(P =.018).

Relationship Between the Static and Dynamic
Measures

There was a moderate to good negative correlation

between the modified arch index and the arch height
index for the cushioning (» = —0.72), motion control

LOW ARCH

(r = =0.70), and nonshod (» = —0.68) conditions (Fig.
4). There was little or no correlation between the
modified pressure index and the arch height index for
the cushioning ( = —0.15), motion control (» = -0.18),
and nonshod (r = —0.23) conditions.

Discussion

The primary focus of this study was to address the ef-
fect of different running shoe types on individuals

HIGH ARCH

639 kPa

678 kPa

J4 n—\
O«
™
~
©
S’
D

NS C MC

Figure 3. Mean pressure over the total foot, forefoot, midfoot, and rearfoot for individuals with a low-arched (A) or
high-arched (B) foot during each of the three test conditions: nonshod (NS), cushioning (C), and motion control
(MC). Values represent mean (percentage of total foot pressure). Pressure decreased from the NS to the C and
MC conditions for overall, forefoot, and rearfoot pressures. In the midfoot region, mean pressure increased while
patients wore either C or MC shoes. 2P < .05 compared with the NS condition.
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Figure 4. Comparison of the modified arch index and
the arch height index across all 75 participants,
demonstrating a moderate to good negative correla-
tion for the cushioning (r = —0.72), motion control (r =
-0.70), and nonshod (r=-0.68) conditions.

with a low- or high-arched foot while walking. Modi-
fied arch index values, which measure the relative
contribution of the mean contact area of the midfoot
as related to the total contact area of the foot, signifi-
cantly increased in all of the participants regardless
of foot type or running shoe type compared with the
nonshod condition. Specifically, modified arch index
values increased from 12.6% to 18.6% for low-arched
individuals and from 43.3% to 44.7% in high-arched in-
dividuals when tested in either of the running shoes
compared with the nonshod condition.

Regardless of foot type, mean contact area across
both shod conditions increased in all three regions of
the foot when compared with the nonshod conditions.
Changes in the midfoot contact area accounted for
most of the differences observed in modified arch
index values. The midfoot contact area increased by
24.1% to 33.3% in low-arched individuals and by 68.1%
to 69.1% in high-arched individuals compared with
the nonshod condition.

In addition, there was a 4.9% decrease in the modi-
fied arch index for individuals with a low-arched foot
when wearing a motion control shoe compared with

a cushioning shoe. When cushioning and motion con-
trol shoes were compared, no differences were found
in modified arch index values for individuals with a
high-arched foot. Although motion was not measured
in this study, a decrease in the modified arch index or
midfoot contact area may indicate lesser medial mid-
foot pressure and, thus, a lesser degree of pronation
during gait. Should this be true when walking and
running, the decrease in the modified arch index in
the low-arched group when wearing motion control
shoes provides support for recommending a motion
control shoe when attempting to limit pronation in
runners with low-arched feet.

Although not universally true, individuals with
low-arched feet have been characterized to pronate
to a greater degree than those with higher-arched
feet.?s Therefore, efforts to control overuse injuries in
low-arched runners have traditionally focused on lim-
iting pronation with motion control running shoes.
Although the 4.9% decrease in the modified arch index
for low-arched individuals was statistically significant,
the actual difference in modified arch index values
was small. However, the relatively large size of individ-
ual pressure sensors in these insoles may have limited
the Pedar system’s sensitivity in terms of measuring
contact surface area differences between the condi-
tions. Further research is required to better address
the relationship between modified arch index and
specific running shoe type in the low-arched foot.

As contact area increased, mean plantar pressure
across the foot decreased by approximately one-third
from the nonshod to both shod conditions regardless
of foot type. In addition, motion control and cushion-
ing shoe wear resulted in a redistribution of mean
plantar pressures across the foot. The greatest redis-
tribution occurred from rearfoot to midfoot, with a
6% decrease in rearfoot pressure and a 7% increase in
midfoot pressure from the nonshod to either shod
condition (Fig. 3).

The combined increase in midfoot mean contact
area, decrease in mean plantar pressure, and mean
plantar pressure redistribution from rearfoot to mid-
foot that occurred with footwear has potential clinical
relevance when considering that the vertical ground
reaction force experienced during running may be as
great as 2.5 times body weight.?” This may be particu-
larly important to the high-arched individual given the
decreased shock attenuation capability and subse-
quent increase in forces typically thought to be trans-
mitted through the high-arched foot.

As part of a larger study, we identified individuals
with extremes of arch height as defined by the static
arch height index measure. In this study, for all shod
conditions, individuals with the smallest arch height
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index demonstrated the greatest modified arch index,
whereas individuals with the largest arch height index
had the smallest modified arch index while walking
across all shod conditions. Although the effect of nor-
mal arch heights (arch height index within 1.5 SD of
the group mean) on the relationship between the
modified arch index and the arch height index is un-
known, a relationship between extremes of arch height
was evident. This relationship indicates that individu-
als with a low-arched foot have a greater midfoot
contact area than do high-arched individuals while
walking (Fig. 4).

The moderate to good negative correlation be-
tween arch height index and modified arch index
across all conditions also suggests that the static arch
height index measure may be clinically applicable
when addressing arch height under dynamic condi-
tions such as walking or running. Chu et al*® reported
a similar correlation between static and modified
arch indices ( = -0.71). However, they determined
the static arch index via pedobarographs and digital
imaging in individuals with a normal-arched foot in a
nonshod condition. More recently, McPoil and Corn-
wall* found an association between static (longitudi-
nal arch angle) and dynamic (digital images acquired
from videotape) measures. The arch height index
may provide the clinician with an objective, time-effi-
cient method of assessing arch height under static
and dynamic conditions.

Although running shoe recommendations based
on arch type are typically intended to affect foot mo-
tion while running, we assessed the relative effects of
shoe type on plantar pressure distributions while
walking. Joint kinetic patterns during walking demon-
strate minimal variability among individuals in ground
reaction force distribution, whereas the distribution of
ground reaction forces during running varies with in-
dividual running styles.? We, therefore, attempted to
identify the effect of shoe type on plantar pressure
distribution and magnitude under a condition in which
there is less variability in ground reaction force distri-
bution. Future studies that address dynamic meas-
ures at walking or running speeds greater than 3.0
mph may provide greater information about plantar
pressure distributions and magnitudes during run-
ning. This could enable researchers to better assess
the relative effects of shoe type on foot motion while
running.

A potential limitation of this study is that the modi-
fied arch index is an anterior to posterior plantar foot
measure. Although a decrease in the modified arch
index may indicate a reduction in pronation, a lateral
to medial pressure distribution measure of the foot
could be a better potential indicator of pronation.

Therefore, future researchers should focus on develop-
ing and testing lateral to medial measures to determine
how shoe type affects foot motion during running.

In conclusion, individuals with low-arched feet in
this study demonstrated a significant decrease in the
modified arch index when wearing motion control
shoes than when wearing cushioning shoes. Should a
decrease in the modified arch index be associated
with decreased pronation, more sensitive measures
of contact surface area differences could better sup-
port the clinician’s recommendation of a motion con-
trol shoe when attempting to limit pronation in low-
arched individuals. The combined increase in midfoot
mean plantar contact area, decrease in mean plantar
pressure, and mean plantar pressure redistribution
from rearfoot to midfoot that occurred with shoe wear
has potential clinical relevance in terms of decreased
force transmission and enhanced shock attenuation
capability through the lower extremities. Finally, the
static arch height index measure has a moderate to
good association with the modified arch index, which
measures plantar pressure distribution under dynam-
ic conditions. As a result, the arch height index pro-
vides the clinician with a valid means of assessing
arch height under static and dynamic conditions.
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