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on Knee Contact Forces in Subjects with Knee
Osteoarthritis

Mohammad Taghi Karimi'®®*“?>*F9 Parastoo Saljoghian'®»¢P5F6),]
Francis Fatoye***¢>5E®

! Musculoskeletal Research Centre, Isfahan University of Medical Sciences, Isfahan Iran
? Department of Health Professions, Manchester Metropolitan University, United Kingdom

SUMMARY

Background. This study was aimed to assess the effectiveness of a newly designed orthosis on knee con-
tact forces in subjects with knee osteoarthritis (OA).

Material and methods. Five patients with OA participated in the study. All had knee OA on the medial side
according to the American College of Rheumatology criteria, medial knee pain and radiographic osteophyte on
the medial side of knee joint. The knee joint contact forces were determined by the use of Open Simm software
under two conditions, namely, walking with and without the orthosis.

Results. There was no significant difference between the mean values of walking speed, stride length and
cadence during walking with and without the orthosis. The mean and standard deviation (SD) values of the first
and second peaks of the knee joint contact force in a vertical direction were 2.83+0.26 and 3.17+1.16 N/BW,
respectively, compared to 2.54+0.22 and 2.544+0.958 N/BW in walking with and without the orthosis (p <0.05).

Conclusion. The results of this study confirmed that the new design of orthosis decreases the joint contact
forces, due to reduction in muscle performance needed to stabilize the knee joint.
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BACKGROUND

Knee osteoarthritis (OA) is a common muscu-
loskeletal disorder in the elderly and a major cause of
disability [1]. It is estimated that 85% of all people
over age 60 have some degree of OA [2]. In 1995,
about 20 million people (15% of the population) in
the United States of America (USA) were reported to
have arthritis, and this figure is predicted to increase
to 59 million by 2020. OA may result from obesity,
kneeling and squatting, joint trauma, immobilization
and joint hypermobility. There is strong evidence
that the load applied to the knee joint plays a signif-
icant role in increasing the incidence of knee OA (the
pattern of load distribution in the knee joints in sub-
jects with knee OA differs from that seen in normal
subjects) [3,4].

Individuals with knee OA may complain of pain,
limitation in the knee joint range of motion, instabil-
ity during walking and fear of falling [4]. Treatment
modalities such as conservative and surgical appro-
aches have been used for managing patients with
knee OA. Conservative treatment includes rest, joint
immobilization, weight management to reduce BMI,
use of foot orthosis and offloading knee orthoses [5].
It is believed that an offloading orthosis reduces
adduction moments applied to the knee joint [6,7].

Various kinds of knee braces, such as the Gene-
ration II brace, the medial unloading Monarch brace,
and the Vista CA brace have been used for the man-
agement of the patients with knee OA [5,7-9]. How-
ever, patients experience some problems using knee
orthoses such as a tendency of the brace to migrate
distally as a result of muscle contraction. Moreover,
it is not possible to change the alignment of these
braces during the follow-up period [7,10].
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A new type of knee orthosis has been designed to
address some of these problems. The new solutions
include introducing a modular structure to change
the alignment of the components with respect to each
other based on patients’ needs. The distal migration
of this orthosis is not significant enough to influence
the function of the orthosis. The components of this
orthosis have been designed so that the magnitude of
the corrective force can be changed according to the
patient’s need [7]. The newly designed orthosis was
tested on two patients to determine its effect on knee
joint kinematics and adduction moment. Previous
studies have shown that the efficiency of an orthosis
can be determined based on the adduction moment
and kinematics of the knee joint during walking. The
main differences between the new-design knee or-
thosis and other available orthoses include: design of
the orthosis, which consists of two main inside and
outside shells, adjustability of the orthosis in both the
sagittal and coronal planes, adjustability of the ortho-
sis regarding the corrective force and ability of the
orthosis to remain stationary while walking [7].
Figure 1 shows the new design of the orthosis evalu-
ated in this study.

Fantini et al. showed that the use of knee orthoses
with 8 and 9 degree valgus angulation decreased the
knee adduction angular impulse by between 25% and
36% [6]. Gaasbeek et al. also showed that using an
offloading orthosis reduced knee adduction [8]. As
was mentioned, the efficiency of various orthoses
used by OA subjects was determined based on their
effects on the adduction moment [5-8]. However, the
effect of orthosis on the reduction of joint contact
forces has not been evaluated. Therefore, the aim of
this study was to determine knee joint contact forces
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Fig. 1. The new design of orthosis evaluated in this study, lateral view (a), anterior view (b)
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Tab. 1. The characteristics of the subjects participating in the study

Weight (N)

Height (m) Age (year)

Mean+SD 7224+27.85

1.568+0.065 53.242.48

in patients with knee OA with and without orthosis.
The study also investigated the efficiency of the
newly designed orthosis. The main hypothesis of this
study was that the newly designed knee orthosis
would significantly reduce knee joint contact forces.

MATERIAL AND METHOD

A group of subjects with knee OA were recruited
in this study. Table 1 shows the characteristics of the
participants. Subjects were diagnosed with knee OA
according to the American College of Rheumatology
criteria: medial knee pain and radiographic osteo-
phytes on the medial side of the knee joint [11,12].
The severity of knee OA of the subjects was 3, defin-
ed by the Kellgren and Lawrence grade (K-L grade)
based on X-ray as described in the Atlas of Standard
Radiography [11]. Subjects were excluded from the
study if they had other musculoskeletal disorders that
could influence their ability to stand and walk. Ethi-
cal approval was obtained from the Isfahan Univer-
sity of Medical Science Ethics Committee. Informed
consent was obtained from each participant before
data collection.

Equipment: A 3-D motion analysis system, with
7 high speed cameras (Qualysis Motion analysis sys-
tem) and a Kistler force plate were used to record
body movements during walking and the forces ap-
plied to the lower limb, respectively.

Parameters: The following parameters were re-
corded: spatiotemporal gait parameters (stride length,

cadence and walking speed), force applied to the
lower limb (mediolateral, anteroposterior and verti-
cal), knee joint contact forces and range of motion.

Procedure: 22 markers were attached on the me-
dial and lateral sides of the right and left knee and
ankle joints, first and fifth metatarsal head, right and
left heel, sacrum, right and left anterior superior iliac
spine, right and left acromioclavicular joints, ster-
num, C7 and head. Moreover, 4 marker clusters, con-
sisting of 4 markers, were attached to the anterolat-
eral surface of thigh and shank (right and left), re-
spectively. Subjects were asked to walk along a level
surface with and without the orthosis. Ten successful
trials (5 trials for each condition) were collected. The
data were collected with a sampling frequency of 100
Hz. The collected data were filtered (Butterworth
low pass filter) at the frequency of 10 Hz and split to
the gait cycle interval using heel strike data.

The trajectory of markers and the force applied to
the limb during walking were collected by Qualysis
Track Manager (QTM) software. The markers were
labeled and exported as 3D. The 3D files were open-
ed in Mokka software. Mokka software was used to
produce files in Trc format. The Open Simm soft-
ware was used to evaluate the kinematics and mo-
ments of knee joint, and the force applied to the knee
joint. Figure 2 shows the procedure used in this study
to calculate the joint contact forces by Open Simm
software. The normal distribution of the parameters
was evaluated using the Shapiro-Wilk test. Since the
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Fig. 2. The procedures used to determine joint contact force in walking with and without the knee orthosis
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parameters had a normal distribution, the paired T
test was used for final analysis (o was set at 0.05).

RESULTS

The spatiotemporal gait parameters of OA sub-
jects while walking with and without the knee ortho-
sis are shown in Table 2. The mean and SD values of
walking speed were 49.97+7.22 and 45.79+0.65 m/
min without and with orthosis, respectively. There was
no significant difference (p-value>0.05) between the
mean values of walking speed, stride length and ca-
dence during walking with and without the orthosis.
The first and second peaks of the ground reaction
force in the vertical direction during walking without
the orthosis were 0.969+0.107 and 1.04+0.03 N/BW,
respectively. In addition, the mean and SD values of
the first and second peaks of the ground reaction
force during walking with the orthosis were 1.01+
0.041 and 0.99+0.041 N/BW, respectively. These va-
lues were not significantly different (p-value>0.05).

The mean values of the anteroposterior ground
reaction force during walking with (0.126+0.019 N/
BW) and without (0.122+0.02 N/BW) the orthosis
were similar (p value = 0.18). The mean values of the
knee joint range of motion during walking with and
without the offloading knee orthosis were 54.28+
8.19 and 54.12+10.86 degrees, respectively (p-value
=0.477).

The knee joint contact forces in three dimensions
were the other parameters that were selected in this
study. The mean values of the first and second peaks
of the knee joint contact force in the vertical direc-
tion were 2.83+0.26 and 3.17£1.16 N/BW, respec-
tively, compared to 2.54+0.22 and 2.54+0.958 during
walking without and with the orthosis. These values
were not statistically different (p value > 0.05).

The peak of the joint contact force in the medio-
lateral direction was 0.248+0.082 during walking
without the orthosis compared to 0.222+0.04 N/BW
during walking with the orthosis (p-value = 0.29).

DISCUSSION

Patients with knee osteoarthritis suffer from pain
and limitation of knee joint function during walking
[4,13]. Various treatment approaches have been used to
improve the walking pattern and functional ability of
subjects with knee OA during walking. A new type of
knee orthosis has been designed to improve knee joint
alignment and decrease the loads applied to the knee
joint during walking [7]. Therefore, the aim of this
study was to evaluate the knee joint contact force in
subjects with knee OA while walking with this orthosis.

The results of this study showed that although
there was no significant difference between the peaks
of vertical force applied to the lower limb during
walking with and without knee orthosis. Moreover,
the walking speed, stride length and cadence did not
differ significantly between the two test conditions,
Table 2. However, the knee joint contact forces de-
creased significantly (especially vertical forces) while
subjects walked with the knee orthosis. The reason
for this finding is not apparent; however, it may be
due to improved alignment of the knee joint with the
use of the new knee orthosis [7].

The knee joint range of motion did not differ sig-
nificantly while walking with orthosis, Table 2. This
may suggest that the orthosis did not restrict the mo-
tion of knee joint. In other words, patients have
enough comfort ability to walk with the newly de-
signed knee orthosis. The main problem of the previ-
ous orthoses was their distal migration [7]. The pre-
vious orthoses move distally during walking and
restrict the motion of the knee joint while walking.
However, the distal migration of the orthosis in the
new design is restricted due to its specific design [7].
It has two inner flexible and outer rigid structures,
which improves orthosis fitting and decreases its dis-
tal migration. Therefore, it can be concluded that the
newly designed orthosis did not decrease the knee
joint range of motion due to reducing the distal mi-
gration of the orthosis.

Tab. 2. The mean values of the gait parameters during walking with and without the knee orthosis

GRF- GRF- GRF- GRF- Knee Stride Cadence
. GRF-Fz JRF-Fx JRF-Fyl JRF-Fy2 JRF-Fz Speed

Subjects Fyl Fy2 Fx1 Fx2 range of length . (steps/

aBW) (BW) BW) NBW) NBWoion  (WBW) (NBW) (NBW) (NBW) 3" (m/min)
Without  0.969+ 1.04+ 0.122+  0.142+ 0.028+  54.12+ 1.25+ 2.83+ 317+ 0.248+ 0986+ 49.97+ 8166853;
orthosis ~ 0.107 0.03 0.02 0.027 0.009 10.86 0.36 0.26 1.160  0.082  0.128 7.32 ’
With 1.01+ 0.99+ 0.126+  0.136+ 0.025+  54.28+ 1.27+ 2.54+ 254+ 0222+  1.04+ 4579+ 88.2+
orthosis  0.041 0.114 0.019 0.02 0.012 8.19 0.45 0.227  0.958 0.04 0.085 0.65 7.05
p-value 0.2 0.19 0.18 0.31 0.217 0.477 0.428 0.025 0.05 0.29 0.21 0.14 0.37

GRF: Ground Reaction Force, N: Newton, BW: Body Weight, Fy: Vertical Force, Fx: Anteroposterior Force, Fz: Mediolateral Force, JRF:

Joint Contact Force, m: meter
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The most important advantage of the new knee
orthosis is its effect on knee contact forces during
walking. This is the first study to evaluate the knee
joint contact force using Open Simm software, which
is newly developed software in neuromuscular mod-
eling. The joint contact forces consist of external
forces (ground reaction force and body weight) and
internal forces (muscle, ligament and joint capsule
tensions) [14]. As can be seen in Table 2, the mean
values of the peaks of the ground reaction forces did
not decrease significantly. Therefore, the decrease in
the joint contact force may be related to a decrease in
the activity of the muscles surrounding the knee joint.

The newly designed orthosis decreased the joint
contact force due to the role of orthosis in improving
the alignment and stability of the knee joint. The
reduction in knee joint stability was compensated for
by orthosis stiffness and alignment in the mediolater-
al direction [7]. It should be emphasized that the
ground reaction force did not differ significantly while
walking with the orthosis as the orthosis did not influ-
ence the abilities of the subjects during walking
(there was no difference between the speed of the

sis). However, the knee joint contact force decreased
significantly due to reduced demand for muscle con-
traction to stabilize the knee joint.

There are limitations to the current study. The
sample size was small, limiting the generalizability
of the findings. Only the knee contact force was ana-
lyzed; hence, it is difficult to determine the effects of
the newly designed orthosis on other forces acting on
the knee joint. No data was collected on other health
outcomes such as muscle activity around the knee
joint using EMG, and quality of life of patients using
this orthosis. In addition, the cost-effectiveness of the
orthosis was not examined in the present study. It is
hoped that these limitations can be addressed in fu-
ture studies. This is the first study that uses Open
Simm stimulation to determine the knee joint contact
force while walking with the new orthosis.

CONCLUSION
The results of this study confirmed that the new
design of orthosis decreases the joint contact forces,
due to reduction in muscle performance needed to sta-
bilize the knee joint.

subjects while walking with and without the ortho-
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