ethylene damage can be variable and is not always
a single value. Distribution of the pressure based on
the prosthesis geometry should be evaluated to see
whether the load in deep flexion is excessive. How-
ever, a small contact area in flexion will increase
the contact stress and surely increases the risk for
mechanical failure. The mechanical loads used in
the previous contact stress analyses were less than
the loads calculated in the present study. This may
lead to underestimation of the contact stress on the
prosthesis. In a joint with contact area less than 200
mm?, the stress during both kneeling and full squat
may exceed the yield point of polyethylene (Figure
4). Considering the joint contact force in high
flexion, the design protocol for the knee prosthesis
should include providing a larger contact area in
any flexion range. On this point, we recommend a
contact area of more than 200 mm? to safely sustain
loads during deep flexion.

As discussed in the above sections, published
contact areas were used in our contact stress simula-
tion and the average contact stress was calculated.
Using this approagh, it is not possible to indicate
peak contact stress or stress distribution at the joint.
A 2-D knee model in this study has a generic joint
anatomy and does not consider anatomical varia-
tions among the subjects. Modification of the model
(ie., a subject-specific model) or using a different
modeling approach (i.e., finite element model) will
be helpful to clear these limitations. Our analysis
involved knees with normal function and range of
motion. This fact limits the application of our results
to TKA patients. Usually, patients following TKA
have limitation in the extensor muscle force and
range of motion. In many cases, it is not possible
to perform the deep flexion described in this study.
However, current improvements in surgical tech-
nique and prosthesis design have been providing
better postoperative function and range of motion
for patients. Many patients should be able to acquire
knee function close to normal in the near future, Our
data will be useful for deriving design criteria for a
prosthesis that is capable for full flexion.
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The lateral wedged insole with subtalar strapping significantly reduces
dynamic knee load in the medial compartment.

Gait analysis on patients with medial knee osteoarthritis
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Summary

Objective: Two lateral wedged Insoles were compared: one with, and the other without, subtalar strapping.

Methods: Twenty-one patients (age 58—83, mean 72) with medial knee osteoarthritis (OA) were enrolled. Thirty-seven knees in the patients
were divided into three groups based on the Keligren and Lawrence OA grading system; grades 2 (cases =20), 3 (cases=11), and
4 (cases = 6). The subjects ware tested during walking barefoot and during walking with a silicon rubber lateral wedged insole with elevation
of 10 mm attached to a barefoot. Gait analysis was performed on a 10 m walkway for each subject under three different walking conditions;
barefoot, wearing a conventional insole, and a subtalar strapping Insole. Peak knee varus moment during gait was measured under each
condition, and compared between the three conditions and between the OA grades.

Results: On the whole (cases = 37), the peak varus moment was significantly reduced by wearing either of the insoles, compared to walking
barefoot. The reduction was more obvious with the strapping insole (—13%, P<0.01), compared with the conventional insole (—8%,
P <0.05). In moderate OA patients (grades 2 and 3), the moments were significantly lower with the strapping insole, compared with the con-
ventional insole (P=0.0048 and 0.005, respectively). However, no significant difference was detected in severe OA patients (grade 4)
between the two types of insoles (P=0.4).

Conclusions: Both lateral wedged Insoles significantly reduced the peak medial compartment load during galt. The subtalar strapping insole

had a greater effect than the conventional insole, particylady in patients with moderate medial knee OA. |
emwmwwmmwwwmummmm

Key words: Osteoarthritis, Knee, Biomechanics, Gait, Orthosts.
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Introduction

Knee osteoarthritis (OA) occurs in approximately 11% of the
population at 65 years or older, and is thought to cause
momdamagatomobﬂilyh&we!d&ﬂyﬂunanyoﬁwrd!s—
ease’. Patients with knee OA usuallydemonsnterm]orin-
volvement in one compartment. The medial compartment is
involved nearly 10 times as often as the lateral compart-
ment®. During walking, the mechanical load which is trans-
ferred through the medial compartment is nearly 2.5 times
greater than that transferred through the lateral compart-
ment for a group of normal subjects, and the medial load
becomes 3.3 times greater for a group of patients with an
average varus deformity of 9°3, It has been shown that
cartilage damage progresses due to high joint load in the
medial compartment and that pain increases as the deteri-
oration increases®. Therefore, reducing the joint load in
the medial compartment of the knee acts to improve the dis-
ease or to relieve pain.

There are several treatments to manage varus knee de-
formity. In every case, the primary goal of the treatment s
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to correct the mechanical axis of the limb. For moderate
or severe varus OA, surgical treatment, such as high tibial
osteotomy and total knee arthroplasty (TKA) have been per-
formed. Although this type of surgery has provided success-
ful clinical results, it is often costly for the patients and it
forces them to get over complications®®. In particular,
more than 500,000 cases of TKA are annually performed
in the US, and approximately three billion dollars are spent
on TKA. Altematives to surgical treatment are required to
lighten the patient's burden and the medical costs.

The lateral wedged insole has been recommended as an
efficacious non-invasive method for managing medial knee
OA’. This orthosis was firstly reported by Sasaki and
Yasuda®® and was almed to alter the mechanical alignment
of the lower leg to reduce loading in the medial compart-
msnlotmekneabymmot[nnmavalgushcnmtionat
the calcaneus. Wolfe and Brueckman'® reported that 82%
of their patients had at least some lrnprovament in pain
with a lateral wedged insole. Keating ef al.'' reported that
61% of medial OA knees had lrn?rovsd pain scores with
the insole. Both Crenshow et al'? and Kemigan et al.'?
showed that 5° or 10° laterally wedged insoles significantly
reduced the knee varus torque in medial knee OA patients ,
during the stance period of walking compared to barefoot or
when wearing flat-heeled shoes. These studies showed
that the lateral wedged insole effectively reduced the load
at the medial compartment of the knee.
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According to Toda et al.', the lateral wedged insoles with
elastic strapping of the subtalar and ankle joints (strapping
insole) changed the femorotibial angles (FTAs) and talar tilt
angles in medial knee OA patients. They also reported that
the strapping insole corrected the FTA by 3° on weight
bearing radiographs, and it had better clinical effects,
compared with the conventional lateral wedged inscle
alone'~"7. However, their evaluation was analyzed under
static conditions, and no study has been quantified to indi-
cate the dynamic biomechanical effect of the strapping
insole,

The purpose of the current study was to describe the
changes in the joint load during gait using two types of lat-
eral wedged insoles (a lateral wedged insole alone and a lat-
eral wedged insole with an elastic strapping band) in medial
knee OA patients. We hypothesized that the dynamic joint
load in the medial compartment is reduced more by the
strapping insole than by the commonly used lateral wedged
insole.

Material and methods
STUDY DESIGN

This study was accomplished through a prospective case
control study of patients with medial compartment knee QA.
The patients were recruited from the general orthopedic out-
patients clinic of a university hospital. Before the study was
initiated, the Institutional Review Board approved the study
and informed consent was obtained from all of the subjects.

INCLUSION/EXCLUSION CRITERIA

Subjects were diagnosed as having medial compartment
knee OA according to the American College of Rheumatol-
ogy criteria for the diagnosis of knee OA, medial knee pain,
and radiographic osteophyte at the medial joint space of the
knee and at least one of the following items: age greater
than 50 years, mormning stiffness lasting more than 30 min,
or crepitus on motion'®, Patients who were currently using
a wedged insole or other custom-made orthosis in their
shoes on a regular basis were excluded. Those who had
rheumatoid arthritis, other systematic inflammatory arthritis
or peripheral or central nervous system diseases were
also excluded. In addition, we confirmed that none 6f the
patients had any previous surgical treatments or concurrent
clinically active arthritis at any other joints in the lower
extremities. Patients who were not able to walk without

a cane or walker were also excluded'®. According to the
above inclusion and exclusion criteria, 37 knees in 21 pa-
tients were included in this study.

DESCRIFTION OF THE INSOLES

A silicon rubber 10 mm lateral wedge (Nakamura brace,
Tokyo, Japan) was used for both types of insoles (Fig. 1).
This silicon rubber has a 10 mm lateral slevation and
a 75 mm width, which has an approximately 7.6° inclination.
This silicon rubber material is usually used for cosmetic re-
modeling and has a natural form-fit to the skin. The 75 mm
width silicon rubber was scaphoid shaped and it was suitable
for attachment to a barefoot of all of the subjects. The rational
for using this inclination was that 7.6° was approximately the
median between 5° and 10°, based on a study by Kerrigan
etal.’®, which showed that 5° or 10° laterally wedged insoles
significantly reduced the knee varus moment.

GAIT ANALYSIS

All subjects performed the trials, 10 m level walking at
a comfortable walking speed, in a gait laboratory. *They
walked under three different conditions; barefoot, wearing
the insole attached to a barefoot (conventional insole) and
wearing the insole with subtalar strapping added to a bare-
foot (strapping Insole) on both sides. The order of testing of
each condition was randomized and blinded to the patients.
Eachecondition was measured twice.

Six‘rejro-reflective markers were placed at the superior
iliac spine, the greater trochanter, the lateral joint line of
the knee, the Hateral malleolus, the lateral aspects of the
calcaneus, and the head of the fifth metatarsal bone’®,
The three dimensional positions of the six markers were
captured using a four-camera system fixed in the gait lab-
oratory (120 frames/s; Pro-reflex, Qualysis, Sweden). Dur-
ing the gait, ground reaction force was also measured
using a force plate fixed on the floor in the gait laboratory
(sample frequency 120 Hz; AM6110, Bertec, Columbus,
OH, USA). The three-dimensional knee kinetics were
then assessed by an inverse dynamics approach®®, Knee
varus moment in the coronal plane was also analyzed in
this. study.

DATA ANALYSIS

The gait data were automatically processed using original
software, in which the patients' names and testing

Fig. 1. (A) Lateral wedge insole (conventional insola); (B) lateral wedge insole with the strapping (strapping insola).
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conditions were encoded and blinded. An average value of
two trials for each condition was used. The maximum knee
varus moment in the stance phase and walking speed were
calculated from the data under each condition. The differ-
ence between the three conditions (i.e., barefoot, wearing
the conventional insole, and wearing the strapping insole)
and that between the OA grades was analyzed.

STATISTICAL ANALYSIS

The data were evaluated by Wilcoxon's signed-ranks
test. The statistical significance level was set at P=0.05.

Results
CHARACTERISTICS OF THE SUBJECTS

The patients were 58—83 (mean 72) years old and had
radiographic OA of at least grade 2 severity according to
the Kellgren—Lawrence scale®'; 20 knees were classified
into grade 2, 11 kneesweregradaSandSh'laesware
grade 4. The subjects had an average weight of 50 5 kg
and an average height of 1.52 + 0.04 m, an average Hospi-
tal for Special Surgery (HSS) score, which is a knee rating
system, consists of pain, knee function, range of
motion, muscle strength, flexion deformity, and instability
(full score: 100 points) of 77.4 (grade 2: 83.7, grade 3
74.6, grade 4: 66.5), an average FTA, the angle formed
by the axes of the femur and the tibia on standing radio-
graphs, of 186.1 (grade 2: 182.6, grade 3: 188.2, grade 4:
194.0).

GAIT ANALYSIS -

There were no patients who complained of any_gdverse
effects or stopped using the wedged insole durlno Ihe gait

Overall.peakimeavmmomenldurhgwaﬂdngbam
foot, while wearing the conventional insole and while wear-
ing the insole were 4.2+1.8,39+15,3.7+1.4
(%BW"Ht), respectively (Fig. 2). The petak varus moment
was significantly reduced by wearing the conventional in-
sole’or the strapping insole compared to the barefoot condi-
tion. The reduction was more obvious with the subtalar

Ll
!I T !
p<0.01
aa: 10 : . :-mm:
; -
g 8 -
EE :
5 k_
g
B
: F E
Bare foot Conventional insole Strapping insole

4217 3915 3714

Fig. 2. Peak knee varus moment with each condition (N= 37).

strapping insole (—13%, P<0.01) than with the insole
alone (—8%, P < 0.05).

In moderate OA patients (grades 2 and 3), the' rnomenls
were significantly lower in the group wearing the subtalg
strapphglnsolemninthagmupwawingmemol%abm
(P=10.0048 and 0.005, respectively, Table ). Howe
significant. difference was detected in the severe OA
patients (grade 4) between the two types of inscles
(P=0.40). The walking speeds in the barefoot condition,
with the conventional insole and with the strapping insole
were 0.73+0.23, 0.76+0.26, 0.74+0.26 (m/s), respec-
tively (Table” ll). There were no statistical differences
between the three conditions.

Discussion

The results of this study support our hypothesis that the
lateral wedged insole significantly reduces the knee varus
moment during walking compared to the barefoot condition
with no Insole, In particular, the strapping insole reduces the
varus moment more than the lateral wedged insole alone in
moderate OA (grades 2 and 3). However, in cases with
grade 4 knees, the strapping insole had little effect in regard
to the reduction of the joint load.

The reduction in the varus moment due to wearing an
insole ranged from 6% to 8% in previous biomechanical

ee varus moments in sub-
jects wearing and when inserting wedges into the
shoes'®'3, The current study was limited in that it did not
mxwo{mmmwmaw@

Kerrigan et al* reported that knee varus moment wear-
ing women's dress shoes with heels of just 3.8 cm height
(moderate high-heeled shoes) increased 9% compared
with that wearing control shoes without any additional
heel in 20 healthy elderly’ adult women. Shakoor and
Block® performed gait analyses on 75 subjects with knee
OA while they were wearing their everyday walking shoes
and while they were walking barefoot. Their results showed
that peak joint loads significantly decreased when walking
barefoot, with an 11.9% reduction noted in the knee varus
moment. In the cument study, mevarusmmentwasra—
duced 11% due to wearing the subtalar strapping
addedtoabmufod,compamdwilhwsﬂdngbmal‘oottcr
patients with moderate OA.

From the above reports?22* and the current study, we in-
ferred that the difference in the varus moment between
wearing the strapping insole added to a barefoot and wear-
ing moderate high-heeled shoes alone might be more obvi-
ous than that between wearing the moderate high-heeled
shoes alone and when inserting wedges into the shoes.
Thersfore, future studies should include an evaluation of
varus moment when wearing moderate high-heeled shoes
alone and when wearing a subtalar strapping insole com-
bined with the shoes.

Table |
Peak knee varus moment during gait with each OA grade
OA grade N Barefoot Conventional Smapphg P value®®
(%BW'HY)  insole
(%BW*HY) (%BW"I-RJ
2 20 3916 36+13 34408 "0.024 **0,048
3 11 4515 41%x12 39+1.2 *0.019 *0.0050 *

4 6 48+26 45+26 4.7+£25 '0.046 040

Pvalue; (a) barefoot vs conventional insole; (b) barsfoot vs strap-
ping insole. *P<0.05; P <0.01.
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Tabie 1l
Walking speed with each OA grads

OAgrade N Barefoot Conventional Strapping P value®®
(ms) Insole insole
(m/s) {m/s)

20 0.80+£027 0.82+0.30 0.83+0.30 0.88 0.10

11 066+0.17 0.68 £0.18 0.65+0.17 0.36 0.54

6 0.70+021 0.72+022 066£0.22 0.28 0.08

otal 37 0.73£023 076+0.26 0.74+0.28 0.06 0.19

P value; (a) barefoot vs conventional insole; (b) barefoot vs
strapping insole.

= o

Surgery can correct the mechanical axis of the lower limb
and decrease the knee varus moment as well as knee pain
and disease progression®*2®. It has been reported that the
high tibial osteotomy changed the knee varus moment from
5.7 £ 1.4 (%BW*H1) to 4.6 £ 0.6 (%BW"H) at 6 years post-
operatively®. The reduction in the varus moment due to
surgery (19%) was almost similar to the reduction demon-
strated by the strapping insole (13%) in this study, and
this supports the strategy to treat medial knee OA using
the insole’.

The knee varus moment is also influenced by walking
speed”’. In our study, thers was no difference in walking
speed among the three conditions (barefoot, while wearing

v
Fig. 3. Biomechanical effect of both insoles to correct lower leg
dlignment. (A) Barefoot; (B) wearing conventional insole; (C) wear-
ing strapping insole. Conventional insoles move the weight bearing
axis and reduce knee joint load in the medial compartment, but do
not change FTA. Strapping insoles can change FTA and shift the
weight bearing axis more and make the greater effect to reduce
the Joint load.

the conventional insole, and while wearing the strapping in-
sole). Therefore, the use of insoles successfully reduced
the knee loads without changing the walking speed.

The walking speeds reported in Table Il (0.65—0.83 m/s)
are lower than those reported for patients with moderate
and medial compartment knee OA (0.9—1.1 m/s)'®"3, The
possible reasons for this are that the patients in this study
walked barefoot and they had a lower average height and
a shorter average step length compared to other studies.

The lateral wedged insole itself should change the me-
chanical axis but it was not able to comect the lower limb
alignment, while the strapping insole was able to correct
the FTA in patients.with genu varum. This difference in
changing the limb alignment can be explained by the effect
of subtalar strapping. The varus deformity of the knee will
not be changed by the conventional insole because the lat-
eral wedge effect is thought to be canceled in the subtalar
joint. On the other hand, the elastic strap would fix the sub-
talar and ankle joints, and cause valgus angulation both in
talus and tibia. The strapping of the joints would result in
correction of varus alignment of the lower limb in patients
with varus knee OA (Fig. 3). More details on the effect of
subtalar strapping and related radiographic analysis, were
well described by Toda e al,'4-2829,

' The conventional insoles were effective for all of the OA
grades, while the strapping insoles had less effect in knees
with an advanced grade. In a knee with severe OA, the
knee becomes rigid and has three-dimensional deformities,
such as medial torsion of the tibia®. Therefore, the

ping’ , supposed to fix the ankle and sublalar joints
and tdorrect varus deformity, will not have enough effect
to change the mechanical axis in a limb with rigid deformity,
On the other hand, the conventional insole will change the
calcaneus angle, and successfully shift the mechanical
axis. Thus, in advanced cases, choosing conventional
insoles is quite plausible, compared with choosing the
strapping insoles.

Another possible limitation of this study was these biome-
chanical effects were obtained in a 10 m walkway and the
gait data were not acquired after a period of getting accus-
tomed to the subtalar strapping insole. Although we believe
that these biomechanical effects are sustained with long-
term use of the insoles, it will be necessary to continue
the study with long-term endpoints in order to assess both
biomechanical (gait analysis) and joint-structural (OA dis-
ease progression) effects.

In conclusion, our data suggest that the use of a conven-
tional insole has a mild effect on the knee at any OA grade,
and a greater effect can be achieved through the use of the
strapping insole, compared with the conventional insole, on
knees without any severe deformity, such as K~L grade 4.
The use of the strapping insole provides a reasonable bio-
mechanical effect to reduce the medial compartment load
and it can be recommended as a cost-effective treatment
for moderate knee OA.
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