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The Effect of Soft Foot Orthotics on

Three-dimensional Lower-Limb Kinematics

During Walking and Running

Background and Purpose. Although foot orthotics are often prescribed to alter
the lower-extremity mechanics during the starice period of gail, there is little docu-
mentation of the actual effect of foot orthotics on the movement of the lower-
extremity joints during walking and running. This study examined the effect of
Joot orthotics on the range of motion of the talocrural/subtalar joint and the knee
Joint in three dimensions during walking and running. Subjects. Ten female
adolescent subjects, aged 13 to 17 years (X=14.4, SD=1.1) who were diagnosed
with patellofemoral pain syndrome and exhibited forefoot varus greater than 6
degrees and/or calcaneal valgus greater than 6 degrees participated in the study.
Methods. Thirty strides of walking and running on a treadmill were recorded
Jfor eack of the orthotic and nonorthotic conditions for each subject using an
optoelectronic recording technique. Analyses of variance for repeated measures
were performed on the range of motion of the talocrural/subtalar joint and knee
joint for each plane of motion (ie, six separate analyses). The main factors of each
analysis were the effect of the orthotic (orthotic condition versus nonorthotic con-
dition), mode of ambulation (walking and running)j, and phase of the stance
period (contact, mid-stance, and propulsion). Results. No differences were found
in sagittal-plane movements. Reductions of 1 to 3 degrees occurred with orthotic
use for the talocruralfsubtalar joint during walking and running in the frontal
and transverse planes. The orthotics reduced knee motion in the frontal plane
during the contact and mid-stance phases of walking, but increased the motion
during the contact and mid-stance phases of running. Conclusions and Dis-
cussion. This study shows that corrections to the static positior: of forefoot varus
and calcaneal valgus can result in changes in transverse- and frontal-plane mo-
tion of the foot and knee during walking and running. [Eng JJ, Pierrynowski MR.
The effect of soft foot orthotics on three-dimensional lower-limb kinematics during
walking and running. Phys Ther. 1994:74.836-844.]
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Abnormal foot mechanics during the
stance phase of gait may affect the
alignment of the lower extremities
and predispose a person to overuse
syndromes not only of the foot and
ankle but also of the knee.}2 Foot and
ankle motion is often described in
terms of pronation (a triplanar rota-
tion of the foot and ankle into abduc-
tion, dorsiflexion, and eversion) and
supination (2 triplanar rotation into
adduction, plantar flexion, and inver-
sion).3 Excessive pronation is thought
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to be one of the major causes of foot
and leg problems in runners.*> Foot
orthotics, devices inserted between
the foot and shoe to modify foot bio-
mechanics, have been used in clinical
settings for conditions aggravated by
excessive pronation. These conditions
include Achilles tendinitis, plantar
fasciitis, and posterior tibial tendinitis,
as well as knee conditions such as
patellofemoral pain syndrome.4¢-#
Patellofemoral pain syndrome is the
leading cause of chronic knee pain in
adolescents and has been reported to
have a high correlation with excessive
pronation.!2°

Orthotics can be categorized into
rigid, semirigid, and soft or temporary
orthotics. In our study, the soft or
temporary orthotics were selected for
subjects experiencing patellofemoral
pain syndrome because soft orthotics
are inexpensive, quick and simple to
fabricate, and easily adjustable, which
was important for this adolescent
clientele.

To examine the biomechanical effects
of the foot orthotic during gait, the
effects of the orthotic on joints proxi-
mal to the ankle, in addition to the
motion of the foot and ankle, should
be studied. When defining the motion
between the foot and leg, a common
center of rotation is assumed with the
talocrural (ankle) joint primarily re-
sponsible for dorsiflexion/plantar-
flexion components; the subtalar joint
is primarily responsible for inversion/
eversion and abduction/adduction
components, although some overlap
does occur.? For the purposes of this
report, we refer to the ankle and foot
joints as the talocrural/subtalar (TC/
ST) joint.

Previous motion-time studies have
produced conflicting reports about
the biomechanical effect of orthotics
on TC/ST joint motion.'%-!3 Although
some of the discrepancies may have
arisen from the variation in the con-
struction of the orthotic, the proce-
dures used for the gait analysis may
also have been a source of variability.
The speed of ambulation has been
reported to influence the range of
motion (ROM) of the TC/ST joint and
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should be standardized between or-
thotic and nonorthotic trials.12.1415
Additionally, a large number of gait
strides should be averaged over each
trial. Bates et al'® reported that the
magnitude of the variability of the gait
variables indicated a need for calculat-
ing representative or average values if
subtle differences in lower-extremity
function are to be detected.

An estimation of the motion of the
calcaneus with respect to the lower
leg in the frontal plane is often used
to produce a two-dimensional (2-D)
estimation of inversion and ever-
sion.1911.16 In general, the accuracy of
motion description will deteriorate as
the number of degrees of freedom
considered is reduced.!” Two-
dimensional analyses cannot easily
account for errors due to segmental
movements out of the plane of mo-
tion or due to rotations about a seg-
ment’s longitudinal axis.'”-*® Engsberg
and Andrews?° reported that inver-
sion/eversion may not necessarily
represent the predominant motion of
the TC/ST joint and recommended
that the dorsiflexion/plantar-flexion,
adduction/abduction, and inversion/
eversion components be monitored
to predict pronation and supination.

Three-dimensional (3-D) analysis of
the effect of foot orthotics was per-
formed by Taunton et al,'2 with a
follow-up by Smart and Robinson,
using a triplanar electrogoniometer to
monitor the TC/ST joint as well as the
knee joint. Both groups of investiga-
tors reported that foot orthotics pro-
duced a reduction of the eversion
motion of the TC/ST joint during the
stance period of running. Smart and
Robinson also found that the orthotics
caused an increase in the abduction
motion at the knee during the stance
period.

In our study, we used an optoelec-
tronic technique to find the orienta-
tions between the thigh and lower leg
and between the lower leg and foot
that generate rotations of the knee
and TC/ST joint, respectively. The
objective of our study was to deter-
mine whether soft foot orthotics affect
the 3-D motion of the TC/ST and knee

joints in female adolescent subjects
who were diagnosed with patellofem-
oral pain syndrome. We wanted to
determine whether the effects of the
foot orthotic are different in walking
and running and whether the effects
of the foot orthotic are different in the
phases of contact, mid-stance, and
propulsion.

Method
Subjects

Subjects examined in this study were
10 female adolescents who had been
prescribed foot orthotics for patel-
lofemoral pain syndrome by the same
physical therapist and physician. The
subjects ranged in age from 13 to 17
years (X=14.4, SD=1.1) and in mass
from 42 to 62 kg (X=50.2, SD=8.0).
Each subject and her parent or guard-
ian provided informed consent. Ex-
cessive pronation was a requirement
for inclusion in this study and was
determined by a measurement of
forefoot varus greater than 6 degrees
and/or calcaneal valgus greater than 6
degrees (forefoot varus: X=12.4°,
SD=3.7% calcaneal valgus: X=6.6°,
SD=4.7°). Treatment of forefoot varus
or calcaneal valgus greater than 5
degrees is recommended because
these amounts are likely to cause foot
and/or lower-extremity symptoms.2!
All subjects were measured by the
same tester. Calcaneal valgus is the
measurement of the angle between
the Achilles tendon and the bisection
of the posterior calcaneus in a stand-
ing position. Forefoot varus is a mea-
surement of the inversion of the fore-
foot with respect to the hindfoot in a
non-weight-bearing position with the
subtalar joint in a neutral position.22
Test-retest trials of 6 subjects con-
ducted by the same physical therapist
produced intraclass correlation coefh-
cients?? (ICC[1,1]) of .71 and .97 for
the measurements of forefoot varus
and calcaneal valgus, respectively.
Excluded from the study were those
subjects with leg-length discrepancies
greater than 1 cm.
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Foot Orthotic Construction

Foot orthotics were made by the
same physical therapist for each sub-
ject. The orthotics were constructed
from a flat Spenco insole* and posted
medially in the hindfoot and forefoot
with rubber wedges to position the
foot closer to a subtalar neutral posi-
tion. (Information about the com-
pressibility of the rubber wedges was
not supplied by the manufacturer.)
Subtalar neutral is a position in which
the foot is neither pronated nor supi-
nated. The forefoot posting ranged
from 4 to 6 cm in length and ex-
tended proximally from the heads of
the metatarsals. The hindfoot posting
ranged from 6 to 8 cm in length and
extended distally from the calcaneus.
With calcaneal valgus between 4 and
6 degrees, a 2-degree hindfoot post-
ing was used. With forefoot varus
between 6 and 10 degrees, a 2-degree
forefoot posting was used. If forefoot
varus was greater than 10 degrees, 4-
to 6-degree forefoot and 2- to
4-degree hindfoot postings were used.
The maximal posting was 6 degrees
in the forefoot and 4 degrees in the
hindfoor, as larger postings were not
comfortable for the subjects. The
orthotics were posted a mean of 3
degrees in the forefoot and 2.2 de-
grees in the hindfoot, bilaterally. Dur-
ing the testing, the subjects wore new
running shoes’ provided by the labo-
ratory. The orthotics were inserted
into the running shoe after the origi-
nal insole of the shoe had been re-
moved to provide space for the
orthotic.

Experimental Setup

The dara collection took place with-
in the first 3 weeks following the
initial fitting of the orthotic. Kinematic
data were acquired by a four-

camera Waterloo Spatial Motion
Analysis and Recording Technique
(WATSMART™%). Because all subjects

Flgure 1. Llateral and posterior
views of the marker location on the right
lower limb.

experienced bilateral knee pain, mo-
tion analysis was performed only on
the knee that was reported to be the
most painful on the initial assessment.
Sixteen 3-cm-diameter infrared light-
emitting diodes (IREDs) were placed
on the leg of the subject: 5 on the
thigh, 5 on the lower leg, and 6 on
the foot. The positions of the IREDs
are shown in Figure 1, and the loca-
tions of the cameras are shown in
Figure 2. An average of the IRED
positions on each segment while in a
standing position determined the
rigid body segment model. A foot-
switch was applied to the heel of the
shoe to record consecutive heel con-
tacts. To reduce possible reflective-
ness of infrared light, black foam
banners and carpet of low infrared
light reflectiveness were used to
cover the head of the treadmill and
floor regions surrounding the
treadmill.

Calibration of the 3-D system was
performed prior to each session using
a 1-m cube frame containing 52

IREDs of known 3-D coordinates

*Spenco Sports Medicine Products, Toronto, Ontario, Canada M4W 3L9.

"Recbok CL600, Reehok Canada, 201 E Stewart Dr, PO Box 27, Ontario, Canada L4G 3H1.

*Northern Digital Inc, 403 Albert St, Waterloo, Ontario, Canada N2L 3V2.
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Figure 2. cCamera location for
tracking the right lower limb,

I

placed on the treadmill. To define the
location of the 16 IREDs on the body
segments, subjects stood in a relaxed
standing position with feet parallel
and directed forward. This was re-
ferred to as the anatomical position
or zero reference, and data were
collected in this position to calculate
the 3-D coordinates of the IREDs
relative to the local coordinate system
of the calibration frame. The error to
locate the 3-D coordinates of a
marker in space using the WATS-
MART™ system was established to be
random and less than 6 mm root
mean square (RMS). Random Gaus-
sian noise of this magnitude was
mathematically added to simulations
that used a computer-driven marker
system and experimental setup similar
to those shown in Figures 1 and 2.
Movements similar to those during
walking and running were simulated,
and the results predicted that the
error in determining a segment’s 3-D
rotations was less than 2.5, 3.0, and
2.6 degrees RMS for the Z, X, and Y
planes, respectively. Because a large
number of strides were performed in
each trial, the random error compo-
nent is further reduced by a factor
equivalent to the square root of the
number of strides.2¢ In our study, 30
strides were analyzed for each condi-
tion; thus, the error would be re-
duced by a factor of 5.5. Therefore,
the random error in determining a
segment’s rotations was less than 045,
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0.54, and 0.47 degrees RMS for the Z,
X, and Y planes, respectively.

Data Acquisition

The walking and running motions on
a treadmill of each subject were re-
corded. Subjects were tested under
two conditions: (1) running shoe and
flat insole and (2) running shoe and
foot orthotic (flat insole with wedges).
Subjects were given a 10-minute
warm-up period to adjust to the tread-
mill under the test conditions. Two
trials (20 seconds each) of walking at
0.89 m's™! and running at 1.78 m's™!
under each condition were collected
at 75 Hz. These speeds elicited a
comfortable walking and running
pattern for the subjects.

Data Reduction and Analysis

The kinematic data were analyzed to
provide the motions of the knee and
TC/ST joints, averaged across a mini-
mum of 30 strides. A body-fixed refer-
ence system was used, which means
that the reference system was attached
to a segment and the X, Y, and Z axes
translated and rotated as a segment
moved. Specifically, a Z-X-Y rotation
sequence was defined!8 and the fol-
lowing definitions used:

Motion about the X axis occurred in
the frontal plane

Motion about the Y axis occurred in
the transverse plane

Motion about the Z axis occurred in
the sagittal plane

X, Y, Z (+/-) wranslations: forward/
backward, up/down, lateral/medial
(external/internal)

Z,X,Y (+/-) knee rotations: exten-
sion/flexion, adduction/abduction, me-
dialAateral rotation

Z, X, Y (+/—) TC/ST joint rotations:
dorsiflexion/plantar flexion, inversion/
eversion, adduction/abduction

To obtain these time-dependent vari-
ables for the knee and TC/ST joints

from the 2-D data available from the
four cameras, a five-step procedure
was used. First, the stationary trial was
processed to provide 3-D coordinates
of the 16 body IREDs relative to the
global laboratory reference system
(GRS). Second, the three translations
and three rotations that located the
thigh, lower leg, and foot segments
(origins at the hip, knee, and TC/ST
joints, respectively) in 3-D space rela-
tive to the GRS were calculated. This
procedure did not allow us to calcu-
late the intermediate spatial marker
coordinates available from any camera
combination; we used a statistical
procedure to isolate and remove
errant data.25 Third, relative rotations
were determined for the knee (orien-
tation between the thigh and lower
leg) and the TC/ST joint (orientation
between the lower leg and foot).
Fourth, after defining the start and
end frames for each stride (right heel
contact to right heel contact), the
rotations of the two joints were
ensemble-averaged across the 30
strides for a given subject. The mean
and standard deviation for the joint
rotations were then calculated every
29% of the stride. Last, the stance pe-
riod was divided into phases by ob-
serving a 2-D sagittal view of the foot
during walking and running.

Previous investigations2!3 measured
the ROM over the entire stance pe-
riod; however, the TC/ST joint has
different functions depending on the
phase of the stance period. Thus, an
examination of the effect of foot or-
thotics on the phases of contact (heel
contact to foot flat), mid-stance (foot
flat to heel-off), and propulsion (heel-
off to toe-off) was performed. The
non-weight-bearing swing period was
not analyzed.

The predominant movement compo-
nent in each phase was compared
between the orthotic and nonorthotic
trials by a signed rank test. The pre-
dominant movement component was
defined as the direction of motion
toward one extreme of the ROM. For

SSAS Institute Inc, PO Box 8000, Cary, NC 27511.
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example, it was to be determined
whether the TC/ST joint displayed an
eversion component in both the or-
thotic and nonorthotic trials during
the contact phase. Signed rank tests
compared the predominant move-
ment of the nonorthotic and orthotic
trials for each of the planes of motion
of the TC/ST and knee joints during
each of the three phases.

The maximum ROM represented the
total movement in each plane of mo-
tion of the TC/ST and knee joints (eg,
the ROM in the frontal plane of the
TC/ST joint represents the sum of the
maximum degrees of inversion and
maximum degrees of eversion at-
tained). A repeated-measures design
was used to compare the ROMs be-
cause the normal subject-to-subject
variation is removed from the error
sum of squares; each subject served
as her own control. The main factors
of the design were the effect of the
orthotics (orthotic and nonorthotic
conditions), the mode of ambulation
(walking and running), and the sub-
phase of the stance period (contact,
mid-stance, and propulsion). This
analysis was performed six times,
once for each joint (knee and TC/ST
joints) in each of the three planes of
motion.

The significance level was set at .05.
The degrees of freedom and error
terms are shown in Table 1. Post hoc
procedures consisted of Tukey’s test
for significant main effects and the
calculation of simple main effects for
significant interactions.2® For example,
if the two-way interaction of the inde-
pendent variables orthotic group and
phase of gait (ie, orthotic X phase) was
significant, it was to be determined
whether the orthotic and nonorthotic
trials were significantly different for
each of the three phases. All statistical
procedures were conducted using the
Statistical Analysis System.®

Within each analysis of variance
(ANOVA), a number of F tests were
performed (to test all the main effects
and interactions), but the statistical
design and post hoc procedures
(Tukey’s) take this into account and
we believe the change of a type [
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Table 1.

Knee joints in Frontal and Transverse Planes®

F Ratios and Probability Values from Analysis of Variance for Range of Motion of the Talocrural/Subtalar (TC/ST) and

TC/ST Joint Knee Joint

Frontal Transverse Frontal Transverse
Source df  Error Term df F P F P F P F P
Orthotic 1 Subject?x orthotic 9 3426 .0002 473 .056 1.33 .28 4.18 071
Mode® 1 Subjectxmode 9 10.11 011 3.25 10 0.45 .52 2.21 A7
Phase 2 Subjectx phase 18 10.80 .0008 0.23 .80 1.28 31 0.12 .88
Orthotic x mode 1 Subject x orthoticxmode 9 1.14 31 9.12 .014 0.95 .20 2.9 12
Orthotic x phase 2 Subjectxorthoticx phase 18 530 .016 373 044 206 .16 3.81 .042
Mode xphase 2 Subjectxmode xphase 18 3.64 .047 1.61 .23 2.01 16 3.27 .062
Orthoticxmodexphase 2 Subjectxorthoticxmode xphase 18 3.95 .038 1.27 .31 7.15 .005 2.27 13

“No significant orthotic effect in the sagittal plane.

®Mode of ambulation (walking and running).

error does not increase with the in-
crease in main effects. It was not feasi-
ble, however, to combine all factors
into one large ANOVA, and we recog-
nize that performing 6 ANOVAs may
increase the probability of a type 1
error. Due to the complexity of each
of the 6 ANOVAs, we treated each
ANOVA independently using a proba-
bility value of .05 rather than an
adjusted value. Using a probability
value of .05, however, would mean
that with every 20 ANOVA compari-
sons, 1 ANOVA would be expected to
result in a significant difference by
chance alone. Hence, we feel that the
6 ANOVAs used in the study with an
alpha level of .05 are justified. Fur-
thermore, a relatively conservative
post boc procedure (Tukey’s) was
selected, which makes it more diffi-
cult to find a significant difference
between the two means.

Results

The ensemble-averaged profiles
across the 30 strides for each subject
produced standard deviations at each
2% of the stride that were 1 to 2
degrees in the sagittal plane and 1 to
3 degrees in the frontal and trans-
verse planes. The patterns of motion
were highly variable across subjects,
especially in the frontal and transverse
planes. Thus, it was not possible to
obtain an average representation

across the 10 subjects. Furthermore,
averaging across subjects could also
introduce systematic errors as the
angles and translations were mea-
sured with respect to the anatomical
position, which could vary between
subjects.

No significant differences of the pre-
dominant direction of movement
between the orthotic and nonorthotic
trials were observed in any of the
planes of motion of the TC/ST or
knee joints during any of the phases.
Therefore, if the TC/ST joint demon-
strated an eversion component during
the contact phase during the nonor-
thotic trial, an eversion component
was also present during the orthotic
trial.

The foot orthotic had no significant
effects in the sagittal plane, but af-
fected the magnitude of the ROM in
the frontal and transverse planes for
the TC/ST and the knee joints. The F
ratios and probability values in the
frontal and transverse planes for the
TC/ST and knee joints are presented
in Table 1. The actual ROMs of the 10
subjects during the orthotic and
nonorthotic trials are reported in
Tables 2 and 3. The standard devia-
tions in Tables 2 and 3 are large be-
cause they provide a representation of
the variability across the 10 subjects;
however, the repeated-measures anal-
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yses were designed to compare the
ROMs across the same subject.

Talocrural/Subtalar Joint

In the frontal plane, there was a sig-
nificant effect of the orthotic on the
maximum ROM; a significant two-way
interaction of the orthotic group and
the phase of gait (ie, orthotic X phase);
and a significant three-way interaction
of the orthotic group, the mode of
ambulation, and the phase of gait (ie,
orthoticX mode X phase) (Tab. 1).
These findings imply that the effects
of the foot orthotic were different
across the contact, mid-stance, and
propulsion phases and that the effects
of the orthotic across the three phases
were not the same for the two modes
of ambulation in the frontal plane.
The post hoc procedures showed that
the ROM for the nonorthotic trials
was different from the ROM for the
orthotic trials for the contact and
mid-stance phases of walking. The
orthotics reduced the ROM by a mean
of 1.8 degrees during both of these
phases (Tab. 2). During running, the
ROMs for the orthotic and nonortho-
tic trials were different during the
contact and propulsion phases, with
mean reductions of 2.5 and 1.7 de-
grees, respectively (Tab. 2).

In the transverse plane, the two-way
interaction of the orthotic group and
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Table 2. Means and Standard Deviations” of Range of Motion (in Degrees) of
Talocrural/Subtalar Joint During Walking and Running (N=10)

Plane of Motion

Phase Frontal Transverse
of Gait Nonorthotic Orthotic Nonorthotic Orthotic
Walking
Contact 1.3 95 4.3 4.3
3.7) (3.9 (2.2) (2.0
Mid-stance 6.8 5.0 5.0 52
@3) @1 (1.3) (1.9)
Propulsion 7.4 7.0 4.7 41
(2.2) (2.4) (1.7 (1.3)
Running
Contact 9.9 7.4 3.8 3.7
(3.7 3.1 (0.9) (1.1
Mid-stance 3.6 2.8 38 3.2
(1.9 (1.8) 2.3) (2.3)
Propulsion 8.9 7.2 5.4 35
(2.8) (2.8) (2.2) (1.9

“One standard deviation in parentheses.

dures indicated a difference between
the orthotic and nonorthotic trials

the mode of ambulation was signifi-
cant (Tab. 1). The post bhoc proce-

Table 3. Means and Standard Deviations® of Range of Motion (in Degrees) of
Knee joint During Walking and Running (N=10)

Plane of Motion

Phase Frontal Transverse
of Gait Nonorthotic Orthotic Nonorthotic Orthotic
Walking
Contact 3.6 2.8 5.1 3.2
(1.5) (1.2) (2.0 (1.5)
Mid-stance 3.8 3.2 52 5.2
(2.6) .7 (2.0) (3.1)
Propulsion 49 48 5.1 4.7
(2.0 (2.1) (2.2) (2.5)
Running
Contact 4.2 51 5.0 46
(3.0) (2.5) (3.0) (2.2)
Mid-stance 35 4.3 3.1 3.1
(1.8) (1.7) (1.1) (0.8)
Propulsion 49 4.1 4.1 3.5
(2.5) (2.6) (2.5) 2.1

“One standard deviation in parentheses.
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during running. The two-way interac-
tion of the orthotic group and the
mode of ambulation was also signifi-
cant, with the orthotic trials different
from the nonorthotic trial during the
propulsion phase. In the transverse
plane, the orthotic trials reduced the
ROM by 1 to 3 degrees.

Knee Joint

In the frontal plane, the three-way
interaction of the orthotic group, the
mode of ambulation, and the phase of
gait was significant (Tab. 1). During
the contact and mid-stance phases, the
ROM during the orthotic trial was
significantly less than that of the
nonorthotic trial, with mean reduc-
tions of 0.8 and 0.6 degrees, respec-
tively, during walking (Tab. 3). In
contrast, mean increases of 0.9 and
0.8 degrees during the contact and
mid-stance phases, respectively, were
observed during running (Tab. 3).
Increases of up to 3 degrees were
observed in some subjects. During
the propulsion phase, the orthotics
caused a 0.8-degree mean reduction
of motion at the knee in the frontal
plane.

In the transverse plane, only the two-
way interaction of the orthotic group
and the phase of gait was significant
(Tab. 1). The post hoc procedures
showed that the orthotic and nonor-
thotic trials were different only during
the contact phase.

We partitioned the stance period into
the three phases of contact, mid-
stance, and propulsion because the
foot orthotic acts differently depend-
ing on the function of the foot and
ankle joints. Generally, the effects of
the orthotic on the frontal- and
transverse-plane ROMs of the TC/ST
and knee joints were modest (1°-3°).
The effects in the transverse plane
observed in our study may have been
missed previously because an inade-
quate number of strides was used to
account for the normal variability of
the gait pattern.
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Talocrural/Subtalar Joint

Following heel contact, the medial
border of the calcaneus and forefoot
reach the ground by means of ever-
sion of the TC/ST joint> With a medial
posting under the hindfoot and fore-
foot, the ground has essentially been
brought up to reach the foot. The
average hindfoot posting was 2.2
degrees, and the average forefoot
posting was 3 degrees. Consequently,
one would expect that the eversion
motion in the contact and mid-stance
phases would be reduced by less than
2 to 3 degrees, as some compression
of the wedges will occur. This reduc-
tion is congruent with the 1- to
2-degree reduction observed during
walking. We can conclude from these
results that soft orthotics have an
effect in reducing the frontal-plane
motion of the TC/ST joint. The effect
from the soft orthotic is slightly less
than the 2- to 4-degree effect reported
with rigid and semirigid orthotics.1527

In the transverse plane, the orthotic
was most effective in reducing the
TC/ST joint motion during running
and during the propulsion phase.
With the foot planted on the ground,
there is minimal TC/ST joint abduc-
tion/adduction until the propulsion
phase commences. Thus, the use of
foot orthotics reduces the TC/ST joint
motion in the frontal and transverse
planes during dynamic tasks such as
walking and running in subjects with
excessive forefoot varus and calcaneal
valgus measured from a static
position.

Talocrural/Subtalar Joint and the
Effects on the Knee

During the contact phase of walking,
reductions of eversion at the TC/ST
joint were accompanied by reductions
at the knee joint in the frontal and
transverse planes. Hence, reductions
of TC/ST joint motion in the frontal
plane can affect the knee joint in both
the frontal and transverse planes dur-
ing walking. From these observations,
we can conclude that foot orthotics
can alter the motion of a joint proxi-
mal to the TC/ST joint. Unlike the
relationship found in walking, in

which a reduction in TC/ST joint mo-
tion resulted in a reduction in knee
joint motion, the relationship in run-
ning is more complex. During the
contact and mid-stance phases of
running, a reduction of TC/ST joint
eversion resulted in an increase in
knee motion in the frontal plane.
Thus, in running, the foot orthotics
increased the motion at the knee in
the frontal plane even though a re-
duction of motion was displayed at
the TC/ST joint. Smart and Robinson!?
postulated that a reduction of motion
in the frontal plane of the TC/ST joint
necessitated a transfer of motion in
the frontal plane proximally, which
was detected as an increase in the
frontal-plane motion at the knee.
Because a reduction of motion at the
TC/ST joint was accompanied by in-
creased knee joint motion in the
frontal plane, one must question
whether joints proximal to the knee
are also being affected. Is it possible
for motion to be reduced at a joint
without the expense of excessive
motion at another joint? A kinetic or
energy analysis of the lower extremi-
ties would be useful for gaining fur-
ther insight into the mechanical ef-
fects transferred proximally from the
TC/ST joint.

The relationship of the effect of the
TC/ST and knee joints may be related
to the magnitude of reduction at the
TC/ST joint. Very small amounts of
reduction at the TC/ST joint (0.4°) did
not affect the knee joint. Larger
amounts of reduction (0.8°-2.0°) at
the TC/ST joint appeared to cause a
reduction in knee joint motion. Even
larger magnitudes of reduction (2.5%)
at the TC/ST joint necessitated a trans-
fer of motion and resulted in an in-
crease in knee motion.

The orthotics were effective in alter-
ing the joint motion during the con-
tact phase of walking and running
because this is the phase in which the
largest eversion movement occurs.
During walking, the orthotic is effec-
tive in altering the ROM of the TC/ST
and knee joints during the contact
and mid-stance phases, whereas in
running, the contact and propulsion
phases were affected. During running,
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the mid-stance phase has a very short
duration, which may be one of the
reasons that no effect of the orthotics
was observed during this phase. In-
stead, a reduction of the ROM was
observed during the propulsion phase
of running. During the propulsion
phase, the heel is already off the
ground such that only the forefoot
postings would have any effects. Addi-
tional effects, however, may result
from the preceding two phases; be-
cause the orthotic reduced the magni-
tude of the eversion component dur-
ing the contact phase, the amount of
inversion to return to a neutral posi-
tion may subsequently be reduced.

Clinical Implications

In clinical practice, postings are often
based on measurements taken from a
static position, however, the intent of
the orthotic is to affect the foot posi-
tion during a dynamic task such as
walking or running. In our study, the
average forefoot varus was 12.4 de-
grees, yet the postings were approxi-
mately 3 degrees and only partially
corrected the subtalar neutral position
in a static position. However, these
small corrections performed in a
static position affected the TC/ST and
knee joint motion by 1 to 2 degrees
during walking and running. Can such
small differences affect the mechanics
of the dynamic task and in turn affect
the pain experienced by the patient?
A recent clinical investigation® that
followed the same 10 subjects exam-
ined in this study in addition to a
control group over a 2-month period
confirms that these small differences
are effective in reducing pain in fe-
male adolescents with patellofemoral
pain syndrome. The results of this
study coupled with our previous
findings® provide some evidence for
alterations in both biomechanical
variables and measurements of pain
and function.

The results of our study raise a num-
ber of issues. A partial correction of
the static subtalar position is sufficient
to alter the mechanics of the TC/ST
and knee joints during a dynamic
task. Perhaps the practice of assessing
the magnitude of the postings from a
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single static position (subtalar neutral)
should be questioned because the
effect of the orthotic on the TC/ST
and knee joints is experienced under
dynamic loading conditions. Further-
more, measuring the subtalar neutral
position has proved problematic to
clinicians, as demonstrated by the low
intertester reliability recorded.?® In-
tertester reliability was not a concern
in our study because only one tester
was used throughout the study.

The effectiveness of orthotics on the
knees is thought to be based on a
reduction in TC/ST joint motion and a
subsequent reduction of transverse-
and frontal-plane knee motion. An
increase in knee joint motion, how-
ever, was observed in certain phases
of the gait cycle. Perhaps it is not so
much a reduction of motion but an
alteration of the loading of the patel-
lofemoral joints that can result in a
reduction of pain. Changes in the
transverse- and frontal-plane motion
of the knee will affect the patellofem-
oral contact pressure and the location
of the patellofemoral joint reaction
force 2 If the foot is able to function
more effectively with a foot orthotic,
better shock attenuation may also be
achieved.

We believe the proximal translation of
the TC/ST joint motion must be con-
sidered when fitting a patient with an
orthotic. During walking, an alteration
of the TC/ST and knee motion joint
occurred, but it is possible that the
hip joint or lumbar vertebrae were
compensating for these changes. The
lumbar spine and hip joint of patients
fitted with foot orthotics for lower-
extremity problems should be closely
monitored.

Finally, we can conclude that soft
orthotics are effective in generating
small alterations in the TC/ST and
knee joint ROM during walking and
running. Because soft orthotics are
relatively easy and inexpensive to
fabricate compared with semirigid or
rigid orthotics, clinicians may find
them a practical alternative for an
initial trial in orthotic intervention. A
further consideration should be given
to the effect of the shoe alone. It has
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been well documented that certain
shoe design parameters (eg, midsole
hardness, heel height) can affect the
foot mechanics during gait.303! Al-
though the intent of this study was to
examine the effect of the soft orthotic
with a standard shoe, further investi-
gations should consider the interac-
tions of the orthotic with different
shoe design parameters.

Conclusion

This study has provided an evaluation
of soft foot orthotics on the three-
dimensional kinematics of walking
and running in subjects with patel-
lofemoral pain syndrome. Based on
the findings of this study, we con-
clude the following:

1. The effects of the soft foot orthotics
were modest; no effects were ob-
served in the sagittal plane, and
only 1- to 3-degree differences
were found for frontal- and
transverse-plane ROM of the TC/ST
and knee joints during walking and
running.

2. The soft foot orthotic reduced the
TC/ST joint motion in the frontal
and transverse planes during walk-
ing and running.

3. The knee joint was affected by the
foot orthotics; the knee motion in
the frontal plane was reduced
during the contact and mid-stance
phases of walking, but was in-
creased during the contact and
mid-stance phases of running.

Acknowledgments

We thank Mr Kevin A Ball for his
assistance with the data reduction
and analysis software and Dr Iris
Marshall and the staff of the Sports
Medicine Clinic of the Hospital for
Sick Children.

1 James SL, Bates BT, Osternig LR. Injuries to
runners. Am J Sports Med. 1978;6:40-50.

2 Jernick S, Heifitz NM. An investigation into

the relationship of foot pronation to chondro-
malacia patellae. In: Rinaldi RR, Sabia ML, eds.

Sports Medicine '79. Mt Kisco, NY: Futura Pub-
lishing Co Inc; 1979:1-31.

3 Root ML, Orien WP, Weed JN. Normal and
Abnormal Function of the Foot. Los Angeles,
Calif: Clinical Biomechanics Corp; 1977.

4 Bates BT, Osternig LR, Mason B, James SL.
Foot orthotic devices to modify selected as-
pects of lower extremity mechanics. Am J
Sports Med. 1979,7:338-342.

5 Lysens R, Steverlynck A, van den Auweele Y,
et al. Predictability of sports injuries. Sports
Med. 1984;1:6-10.

6 Clement DB, Taunton JE, Smart GW, McNi-
col KL. A survey of overuse running injuries.
The Physician and Sportsmedicine. 1981,9(5):
47-58.

7 Eggold JF. Orthotics in the prevention of
runners’ overuse injuries. The Physician and
Sportsmedicine. 1981,9(3):125-131.

8 Eng JJ, Pierrynowski MR. Evaluation of soft
foot orthotics in the treatment of patellofemo-
ral pain syndrome. Phys Ther. 1993;73:62-70.

9 Baxter MP. Knee pain in the paediatric ath-
lete. Paediatric Medicine. 1986;1:211-218.

10 Rodgers MM, LeVeau BF. Effectiveness of
foot orthotic devices used to modify pronation
in runners. In: Proceedings of the Second Bi-
annual Conference of the Canadian Society
Jfor Biomechanics. 1982:102-103.

11 Smith LS, Clarke TE, Hamill CL, Santopi-
etro F. Effects of soft and semi-rigid orthoses
upon rearfoot movement in running. J Am
Podiatr Med Assoc. 1986;76:227-233,

12 Taunton JE, Clement DB, Smart GW, et al.
A triplanar electrogoniometer investigation of
running mechanics in runners with compensa-
tory overpronation. Can J Appl Sport Sci. 1985;
10:104-115.

13 Sman G, Robinson G. Triplanar electrogo-
niometer analysis of running gait. In: Winter
DA, Norman R, Hayes H, et al, eds. Biome-
chanics I-B. Champaign, 11l Human Kinetics
Publishers Inc; 1985:144-148,

14 Bates BT, Osternig LR, Mason B, James SL.
Lower extremity function during the support
phase of running. In: Asmussen PE, Jorgensen
K, eds. Biomechanics VI-A. Baltimore, Md: Uni-
versity Park Press; 1978:30-39.

15 McCulloch MU, Brunt D, Linden DV. The
effect of foot orthotics and gait velocity on
lower limb kinematics and temporal events of
stance. J Orthop Sports Phys Ther. 1993;17:2-10.
16 Bates BT, Osternig LR, Mason BR, James SL.
Functional variability of the lower extremity
during the support phase of running. Med Sci
Sports Exerc. 1979;11:328-331,

17 Soutas-Little RW, Beavis GC, Verstraete MC,
Markers TL. Analysis of foot motion during
running using a joint coordinate system. Med
Sci Sports Exerc. 1987;19:285-293.

18 Tupling SJ, Pierrynowski MR. Use of cardan
angles to locate rigid bodies in three-
dimensional space. Med Biol Eng Comput.
1987,25:527-532.

19 Williams K. A comparison of 2-D versus
3-D analyses of distance running kinematics.
In: Winter DA, Norman R, Hayes H, et al, eds.
Biomechanics I-B. Champaign, Ill Human Ki-
netics Publishers Inc; 1985:331-336.

20 Engsberg JR, Andrews ]JG. Kinematic analy-
sis of the talocalcaneal/talocrural joint during
running support. Med Sci Sports Exerc. 1987,
19:274-284.

Physical Therapy/Volume 74, Number 9/September 1994



21 Sgarlato TE. Compendium of Podiatric Bio-
mechanics. San Francisco, Calif: California Col-
lege of Podiatric Medicine; 1971.

22 Wooden MJ. Biomechanical evaluation for
functional orthotics. In: Donatelli RA, ed. The
Biomechanics of the Foot and Ankle. Philadel-
phia, Pa: FA Davis Co; 1990:131-147.

23 Shrout PE, Fleiss JL. Intraclass correlations:
uses in assessing rater reliability. Psychol Bull.
1979;86:420-428

24 Taylor JR. Introduction to Error Analysis:
The Study of Uncertainties in Physical Mea-

suremeny. Mill Valley, Calif: University Science
Books; 1982.

25 Ball KA. Three-dimensional Kinematic
Techniques for Human Body Segment Track-
ing. Toronto, Ontario, Canada: University of
Toronto; 1987. Master’s thesis.

26 Winer BJ. Statistical Principles in Experi-

mental Design. 2nd ed. Toronto, Ontario, Can-

ada: McGraw-Hill Co; 1971

27 Novick A, Kelley DL. Position and move-
ment changes of the foot with orthotic inter-
vention during the loading response of gait.
J Orthop Sports Phys Ther. 1991,11:301-312.

28 Elveru RA, Rothstein RM, Lamb RL. Gonio-
metric reliability: subtalar and ankle joint mea-
surements in a clinical setting. Phys Ther. 1988;
68:672-677.

29 Macquet P. Biomechanics of the Knee. New
York, NY: Springer-Verlag New York Inc; 1984.
30 Clarke TE, Frederick EC, Hamill CL. The
effects of shoe design parameters on rearfoot
control in running. Med Sci Sports Exerc. 1983;
15:376-381.

31 Luethi SM, Stacoff A. The influence of the
shoe on foot mechanics in running. Med Sport
Sci. 1987,25:72-85.

Editor
Physical Therapy

Call for Reviewers

Physical Therapy is currently seeking qualified individuais to serve as
manuscript reviewers. Reviewers should have:

B Extensive experience in areq(s) of content expertise

M Experience as authors of articles published in peer-reviewed journals

Familiarity with peer review is essential,

If you are interested in becoming a reviewer for the Journal, please send
a cover letter and a copy of your curriculum vitae to:

1111 North Fairfax Street
Alexandria, VA 22314-1488

Interested in becoming involveq, but not sure you have the

time to review manuscripts? The Journal is also looking for article
abstracters and book/software/videotape reviewers. Send us a
letter expressing your interest and stating your general areas

of expertise, along with a copy of your curriculum vitae.

We look forward to hearing from you.

Physical Therapy/Volume 74, Number 9/September 1994

844 /53





