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Objective: To identify differences in postural control among
healthy individuals with different architectural foot types.

Design and Setting: We compared postural control during
single-leg stance in healthy individuals with cavus, rectus, and
planus foot types in our athletic training research laboratory.

Subjects: Thirty healthy, young adults (15 men, 15 women;
age, 21.9 6 2.0 years; mass, 71.6 6 16.7 kg; height, 168.4 6
13.6 cm) had their feet categorized based on rearfoot and fore-
foot alignment measures. The right and left feet of a subject
could be classified into different categories, and each foot was
treated as a subject. There were 19 cavus, 23 rectus, and 18
planus feet.

Measurements: Subjects performed three 10-second trials
of single-leg stance on each leg with eyes open while standing

on a force platform. Dependent measures were center-of-pres-
sure (COP) excursion area and velocity.

Results: Subjects with cavus feet used significantly larger
COP excursion areas than did subjects with rectus feet. How-
ever, COP excursion velocities were not significantly different
among foot types.

Conclusions: Clinicians and researchers assessing postural
control in single-leg stance with measures of COP excursion
area must be cognizant of preexisting differences among foot
types. If individuals’ foot types are not taken into account, the
results of clinical and research investigations assessing COP
excursion area after injury may be confounded.
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Instrumented assessment of postural control has been used
to quantify functional impairment in patients with various
orthopaedic injuries, such as lateral ankle sprains,1–6 an-

terior cruciate ligament injuries,7–9 and lumbosacral pain.10–13

In the past decade, the use of balance tasks to assess and re-
habilitate postural control in injured athletes has become more
commonplace. Despite this increased interest in the assessment
of postural control in the sports medicine setting, very few
studies have been performed to examine if common lower ex-
tremity malalignments, such as foot type, have a role in per-
formance on instrumented postural control tests. Athletic train-
ers who use instrumented measures of postural control in
clinical or research settings may benefit from a better under-
standing of the effects of common malalignments on such
measures.

Postural control is often quantified by having a subject stand
on a force platform as ground reaction forces and moments
are measured. Center-of-pressure (COP) excursions are com-
puted from the ground reaction forces. Moments and excur-
sions in COP position provide an indication of postural control
during quiet standing.14 An individual with a high magnitude
or velocity of COP excursions is thought to have impaired
postural control.14 During single-leg stance, control of upright
posture is accomplished largely through corrective movements
at the ankle joint. Subjects use visual, vestibular, and somato-

sensory information to plan and execute motor commands to
maintain balance. Because muscles that act on the ankle com-
plex contract in an effort to control a stable upright posture,
changes in ground reaction forces lead to COP migrations
within the base of support.

Despite the fact that much assessment of postural control in
the sports medicine setting occurs in the barefoot condition,1–6

no published research reports have addressed the effect of dif-
ferent architectural foot types on postural control measures.
Root et al15 described 3 common types of foot postures: cavus
feet are high arched and associated with excessive rearfoot
varus, planus feet are flat arched and associated with rearfoot
valgus and excessive forefoot varus, and rectus feet are ‘‘nor-
mal’’ and not associated with excessive forefoot or rearfoot
malalignment. It is feasible that the interface between differ-
ently shaped feet and a forceplate could influence ground re-
action forces and, thus, postural control measures during ob-
jective assessment of postural stability during single-leg
stance. If such differences do exist, they may influence the
way measures of postural control in single-leg stance are in-
terpreted in clinical and research settings. Therefore, the pur-
pose of our study was to determine if differences exist in pos-
tural sway area and velocity among individuals with different
architectural foot types.
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Table 1. Rearfoot and Forefoot Alignment Measures

Foot Type Rearfoot Alignment Forefoot Alignment

Cavus (n 5 19)
Rectus (n 5 23)
Planus (n 5 18)

4.78 6 1.48 varus
0.38 6 1.88 varus
5.08 6 2.08 valgus

5.68 6 4.78 valgus
2.28 6 5.78 varus
6.38 6 3.68 varus

Table 2. Center-of-Pressure (COP) Excursion Area and Velocity

Foot Type COP Area, cm2 COP Velocity, cm/s

Cavus
Rectus
Planus

5.14 6 1.90*
4.01 6 1.06
4.30 6 1.11

3.48 6 0.64
3.58 6 0.79
3.57 6 0.90

*Postural sway area scores were significantly higher for cavus feet com-
pared with rectus feet (P 5 .031).

METHODS

Subjects

Thirty healthy, young adults (15 men, 15 women; age, 21.9
6 2.0 years; mass, 71.6 6 16.7 kg; height, 168.4 6 13.6 cm)
volunteered as subjects. Subjects were reported to be free of
cerebral concussions, vestibular disorders, and lower extremity
orthopaedic injuries in the 6 months before testing. All sub-
jects read and signed an informed consent form approved by
the institutional review board (which also approved the study)
before participating.

Assessment of Foot Type

Foot type was determined through an open kinetic chain
assessment using the methods described by Root et al.15 Go-
niometric measurements of rearfoot and forefoot alignment in
subtalar neutral positions were taken with subjects lying prone.
The leg to be measured was extended over the end of the
plinth. The contralateral limb was passively placed in a posi-
tion of hip abduction and external rotation with knee flexion
so that the contralateral ankle lay across the posterior thigh of
the limb being measured. Subjects were manually placed in
subtalar neutral positions for both measurements.

Rearfoot alignment was assessed by drawing a line that rep-
resented the proximal axis, which bisected the posterior aspect
of the lower leg from the level of the musculotendinous junc-
tion of the triceps surae to approximately 10 cm proximal to
the insertion of the Achilles tendon. The distal axis was drawn
by longitudinally bisecting the calcaneal tuberosity. The center
of the goniometer was placed at a point that bisected the pos-
terior aspect of the ankle and equal in level with the distal tip
of the lateral malleolus. The rearfoot angle was measured with
the arms of the goniometer aligned with the line that bisected
the lower leg and the line that bisected the calcaneus. Forefoot
alignment was assessed by measuring the angle between a line
parallel to the end of the plinth and a line parallel with the
metatarsal heads.

Subjects’ feet were assigned to the cavus, rectus, or planus
group based on the foot type classifications originally de-
scribed by Root et al.15 Each foot was analyzed individually,
and the right and left feet of the same subject could be clas-
sified into 2 different categories. There were 19 cavus feet, 23
rectus feet, and 18 planus feet (Table 1).

Instrumentation

Postural control was assessed using an AMTI Accusway
force platform (AMTI Corp, Watertown, MA) interfaced with
a laptop computer using Swaywin software (AMTI). Three-
dimensional ground reaction forces were recorded at 50 Hz,
and COP excursions were calculated by the software program.
The origin of the COP path was the initial point of COP during
each trial. Dependent measures of postural control included
COP excursion sway area and velocity. Area represented the

magnitude of distribution of COP excursions during a trial,
whereas velocity represented the average speed of COP move-
ment during a trial.

Postural Control Task

Subjects performed 3 trials of quiet standing in single-leg
stance on both the right and left limbs. Subjects stood with
arms folded across their chest and eyes open while focusing
on a stationary visual target located on a wall 1 m from the
force platform. We instructed subjects to stand as motionless
as possible. Each trial lasted 10 seconds. The initial stance leg
was determined using a counterbalancing schedule. Trials were
discarded and repeated if a touchdown (the nonstance leg
touching the ground) occurred during the trial.

Statistical Analysis

The mean of the 3 trials for each dependent variable was
calculated for each condition. Two separate analyses of vari-
ance were conducted, with foot type serving as the indepen-
dent variable and mean COP excursion area and mean COP
excursion velocity serving as the dependent variables. Post hoc
analyses were performed using the Tukey test. The level of
significance was preset at P , .05.

RESULTS

Means and SDs for COP excursion area and velocity are
shown in Table 2. A significant main effect for foot type was
found in measures of COP excursion area (F2,57 5 3.55, P 5
.035). Post hoc analysis revealed that cavus feet were associ-
ated with significantly larger COP excursion area measures
than rectus feet (P 5 .031). No significant differences were
found in COP excursion velocity measures among foot types
(F2,57 5 0.10, P 5 .91, 1 2 b 5 .06).

DISCUSSION

Differences in postural control during single-leg stance are
typically examined either with side-to-side comparisons of
unilaterally injured subjects4,6 or between healthy and injured
subjects.1–3,5 Several studies have demonstrated no significant
differences in postural control measures between the right and
left limbs16–18 or dominant and nondominant limbs19 of
healthy subjects standing in single-leg stance. Very few re-
searchers have examined the role of lower extremity malalign-
ments on postural control. Potter et al20 demonstrated that in-
dividuals with simulated knee-flexion contractures had
impaired postural control in bipedal stance, whereas Mahar et
al21 reported that subjects with simulated leg-length discrep-
ancies had impaired postural control. Conversely, Murrell et
al22 demonstrated that individuals with leg-length discrepan-
cies did not exhibit postural control impairments when com-
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pared with those without discrepancies. Previous investiga-
tors23,24 have demonstrated that biomechanical measures, such
as peak plantar pressure and malleolar valgus index, vary
among different foot types during gait. To our knowledge, our
study is the first to examine the effects of foot type on postural
control in single-leg stance.

Our finding of greater COP excursion area scores among
cavus feet is not easily explained. It may be that an individual
with a cavus foot has less contact area between the plantar
surface of the foot and the forceplate than an individual with
a rectus or planus foot. Having less plantar contact area may
inhibit postural control in 1 of 2 ways. First, as the cavus foot
shifts the COP medially during pronation, there is no anatomic
block between the medial aspect of the foot and the forceplate,
as there may be with a rectus or planus foot. Instead, pronation
is limited in the cavus foot by the physiologic limits of the
subtalar and midtarsal joint ranges of motion. The second pos-
sibility is that a cavus foot has less plantar cutaneous sensory
information on which to rely than a rectus or planus foot,
because less overall area of the plantar surface of the cavus
foot is in contact with the forceplate. Plantar afferent activity
has been previously demonstrated to be important in the reg-
ulation of postural control.25,26 If individuals with cavus feet
receive less afferent input from the plantar cutaneous recep-
tors, they may have less efficient mechanisms of control of
their upright posture during single-leg stance. Further research
is needed to validate this hypothesis.

There is no accepted ‘‘gold standard’’ measure of postural
control in the sports medicine literature. We chose to measure
COP velocity (directly proportional to length) and sway area
because these are the most commonly reported measures of
postural control. We used an overall measure of COP excur-
sion length rather than separating medial-lateral and anterior-
posterior excursions because we thought it provided a more
robust indication of postural control.

The differences found between cavus and rectus feet with
area scores but not velocity scores are interesting. Velocities
of COP excursion scores are proportional to length of COP
excursion scores because velocity is simply the sum of the
length of all excursions divided by the time of each trial (in
our study, all trials lasted 10 seconds). The lack of significant
differences in velocity scores, and thus COP length scores,
appears to indicate no difference in the magnitude of COP
excursions in individuals with different architectural foot
types. However, individuals with cavus feet in our study used
a significantly larger area to make their COP excursions than
did those with rectus feet. It should be noted that one large
COP excursion can drastically affect the area score. Because
of the smaller base of support with cavus feet, it is possible
that these subjects are at risk of making larger COP excur-
sions. Further research in this area is warranted.

A limitation of this study is our collection of only 10 sec-
onds of COP excursion data at 50 Hz. This provided us with
500 data points for determination of COP excursion area and
velocity. Because balancing in single-leg stance is a very dy-
namic task, collection of more COP excursion data points may
provide a more robust analysis of postural control.

The methods we used to classify foot types have been pre-
viously reported to have good intratester reliability and to be
valid in discriminating between foot types24,27–29; however, the
ideal method to classify foot type is the subject of considerable
debate.27,30–32 Our use of open kinetic chain measurements of
rearfoot and forefoot alignment and subsequent assessment of

postural control in the closed kinetic chain may be open to
debate, since previous authors have criticized the relationship
between static foot posture and the functional kinematics of
the rearfoot during the stance phase of gait.33,34 Also, other
investigators have documented high correlations between as-
sessment of static open kinetic chain foot alignment and closed
kinetic chain foot function during dynamic activities.29,35

In conclusion, our results indicate that healthy individuals
with cavus feet use a significantly larger area for COP excur-
sions during single-leg stance than do individuals with rectus
feet. Therefore, athletic trainers who are assessing postural
control with measures of sway area for clinical or research
purposes must be cognizant of potential differences in healthy
individuals with different foot types. In the clinical setting,
practitioners must be cautious when comparing postural con-
trol measures of patients with left and right feet of different
foot types. In the research setting, we recommend that when
selecting matched control subjects for single-leg stance pos-
tural control studies comparing healthy and injured subjects,
subjects be matched for foot type and other characteristics,
such as age, sex, and activity level.
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