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Abstract

Background: Patients with knee osteoarthritis (OA) suffer from progressive inability to stand and walk. orthosis is consid-

ered as a conservative treatment that uses corrective forces in all of stages of walking and standing. In this study, we aimed

to design and manufacture a new orthosis to tackle this problem. For this purpose, a new knee joint is designed which can

apply alternative corrective forces on the knee in the stance phase.

Materials and Methods: Patients with medial knee osteoarthritis who met the inclusion criteria were enrolled. The new

knee joint mechanism was designed and manufactured. Then, braces were made. The effect of the new brace was assessed

on gait parameters in five conditions. The data were analyzed by motion analysis.

Results: The new brace improved the knee adduction angle in the frontal plane and decrease knee flexion angle in the

stance phase. but it did not affect the swing phase. The evaluation of the impact of the new brace on OA showed spatiotem-

poral variable were increased in the patients but double support time and stance phase were decreased.

Conclusion: Our results indicated that the new brace improved the kinematics and spatiotemporal parameters of gait in pa-

tients with OA.
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Introduction

Knee osteoarthritis (OA) is a common age-related disorder in the elderly impairing their gait [1-3]. Since approximately 62% of

the bodyweight passes through the medial side of the knee joint, medial compartment knee OA is more prevalent than the lateral

side [4].  People with OA of the medial compartment commonly have an increase in knee adduction angle and the load-bearing

passes through the medial compartment during initial stance to the mid stance phase of gait, which creates severe knee pain[5] .

The use of knee braces is a common conservative treatment of the medial compartment of the knee OA [6]. Any conservative treat-

ment should demonstrate a positive effect on the reduction of knee adduction angle [7].  Unloader knee orthoses are alternative

conservative methods of treating knee OA using direct application of forces to alter frontal plane knee alignment whilst simultane-

ously reducing the excessive, knee adduction angle [6]. It has also been shown that these orthoses can improve knee confidence,

function, and joint stiffness [5, 8-10]

Although knee orthosis is considered the most suitable solution to improve malalignment but traditional braces act with perma-

nent corrective forces by using several approaches, consisting of straps, adjustable superstructures, or inflatable bladders[11-15].

Current braces put permanent correction force on the knee joint in both stance and swing phases of gait [16], while, requirement

for such pressure in the swing phases is unnecessary[17, 18]. This has caused complaints that are the main problem in the use of

knee orthosis (KO) [19]

Therefore, it seems unnecessary to apply knee valgus force at all the stages of walking, which is the case when using KO. Since in

sound limb the full varus angle and moment in the knee joint happens only between heel strikes to 30% of the stance phase and

not permanently [18] [20]the varus angle and moment was decreased to release the locking mechanism on the knee between pre-

swing and terminal swing. Thus, it can be concluded that applying a constant force brace on the knee can affect the function of the

knee and apply unnecessary loads on the affected knee [18, 20].

It seems that designing an orthosis capable of automatically correct the knee alignment only during the stance phase seems essen-

tial. Moreover, KOs usually has movement along one or two axes, while the anatomical knee joint movements have three dimen-

sions with six degrees of freedom [21]. Hence, there is a lack of coordination between orthotic and anatomical knee joints [19, 22].

According to the explanations above, it can be considered that three factors are affecting the performance of KOs including lack of

compliance of motion of the brace joint with the knee joint, lack of coordination between knee joint orthoses with the anterior-pos-

terior movement of the tibia on the femur in knee flexion/extension, and the application of constant corrective force on the knee

joint at all the stages of gait [18, 21, 23]

Thus, the aim of this study was to develop an OA knee unloader orthosis incorporating a new-mechanism orthotic knee joint and

a corrected position for the knee. We also investigated the effect of a frame made of different available materials for knee brace on

transition correction knee adduction angle in patients with medial compartment knee OA and their gait characteristics were evalu-

ated [24].
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Design Considerations and Functional Mechanism for the New Knee Orthosis

A new design of knee unloader orthosis consists of a new mechanical knee joint with a lateral sidebar design. Indeed, this brace is

composed of four main parts, including the new mechanical knee joint (along with a mechanical part to provide convert move-

ment from sagittal  plane to frontal  plane and the part of providing sliding movement tibia on the femur in flexion movement),

thigh, calf shells and straps [24].

Mechanical Knee Joint

The idea behind this design was based on movement from knee extension to abduction for preventing knee joint varus in the gait

cycle [18]. This knee orthosis has a new joint mechanism which comprises three parts as follows.

1- The new joint mechanism applies sagittal plane movement to frontal, that is, this mechanism converts the knee extension move-

ment at terminal swing to knee abduction movement at initial stance until mid-stance.

2- There is a translational of movement of approximately 10 to 15 mm in this new knee joint mechanism, which is an up-down

movement in lateral  upright through a drawer mechanism. This mechanism was considered to accommodate the femur gliding

movement on the tibia during knee flexion.

3- This new knee joint also simulated screw home mechanism, which occurs in physiologic knee joint. It has movements in three

planes so that this joint is combined of three in one joint by three axes. A flexible steel wire was located in chamber in a way that it

produces a special abduction as a result of knee extension and the amount of abduction is adjustable by screwing [24].

Figure1: structures and specifications other

The brace was attached to the thigh and calf shells by using a uni-direction lateral aluminum joint. Two important characteristics

of the frame are its'  high resistance and low weight. The first characteristic is necessary for preventing deformation of the frame

and transition movement to the patient's  limb.  The second characteristic  increases  the patient's  limb orthosis  adaptation [5,  10,

25].

To achieve these characteristics, two available materials were considered for fabricating two shells of this knee orthosis. The new

orthosis was custom-molded individually and constructed from a lower extremity cast of patients. The semi-hard aluminum thigh

and calf shells were formed onto the positive mold and attached to the joint as the first available material.  The laminating resin

shells were fabricated from the same positive mold of the subjects by a vacuum apparatus as the second material. In order to con-

struct a hard resin brace frame, carbon fiber sheets were used between layers of stockinet. These resin shells were also attached se-

parately to the new joint mechanism. As described above, the joint was designed to transform extension to abduction and was capa-

ble of regulating the excessive adduction angle produced in the OA knee in stance phase of the gait cycle. In addition, a translation-

al axis for tibia motion and two rotational axes in the transverse plane were considered to reach an appropriate brace function in

providing translational motion of femur on tibia. The straps served as suspensions in this orthosis.
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Table 1: 2-Maximum value of knee flexion and adduction angle (Kinematic variable) in stance and swing phases and spatiotemporal parame-

ter of the gait cycle in different brace conditions in five tests

Maximum value of knee flexion and adduction angle in stance and swing
phases (Kinematic variable) (degree)

New jointCorrection
mechanism Shell Experiment

swing stance

Maximum
flexion

Maximum
adduction

Maximum
flexion

Maximum
adduction

73.38 6.00 48.55 5.36 with Resin With brace

72.87 6.01 51.37 4.04 without

69.99 4.28 48.57 4.92 with Aluminum

69.33 4.54 48.42 4.54 without

72.57 6.4 51.41 6.47 Without brace

Spatial temporal gait parameters
New

jointCorrection
mechanism

Shell Experiment

Double
stance

time (s)

StrideTime
(s)

Stride
length(m)

Stance
phase % cadence Velocity(m/s)

0.14 2.00 1.10 61.10 60.60 0.79 with Resin With brace

0.17 1.81 0.96 62.70 58.25 0.57 without

0.14 1.84 1.02 66.30 57.69 0.63 with Aluminum

0.18 1.77 0.97 67.06 55.40 0.56 without

0.21 1.76 0.937 68.18 56.60 0.55 Without brace

Participants

This study was conducted at the biomechanics laboratory of University of social  welfares and rehabilitation Sciences in Tehran,

Iran from 2016 to October 2018. In the Quasi experimental Study by analyzing the standard deviation of each variable, the adduc-

tion angle of the affected knee in the stance phase was considered [7, 18]. Sample size was determined seven using the following

formula and 95% confidence interval, 80% power, and minimal clinically important difference of 3; however, 10 patients were en-

rolled. Samples were selected by convenience sampling method; hence, each eligible subject was voluntarily enrolled.

Sample size calculation formula

Patients  with  mild  to  moderate  osteoarthritis  were  clinically  identified  by  physical  examinations  and  radiography  evaluations.

High risk patients were diagnosed by orthopedic surgeons and physiotherapists by the means of using conventional X-ray imaging

and magnetic resonance imaging (MRI), based on Age ≥ 40 yrs, obesity and body mass index ≥ 30, vitamin D insufficiency. Os-

teoarthritis was diagnosed based on radiographic findings such as sharpening of the bone edges and narrowing of the inner parts

of the knee joint and the formation of osteophytes and sclerosis below the condyle head in the standing position in the front of

view [26].
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Patients  whom were enrolled in the study all  had clinical  symptoms for more than six months such as pain existence in one or

both knees in stage 2 (moderate) and stage 3 (severe) of based on Kellgren-Lawrence scale and moderate swelling and tenderness

to palpation, crepitation, and joint stiffness in the morning for < 30 min or after prolonged immobility, muscle weakness and lack

of knee confidence in standing position.

The exclusion criteria were sustaining any injuries, Patients with ligament problems, and meniscus tear, knee osteotomy undergo-

ing any invasive treatments including injection therapy for the knee during the past six months, the patients whom were candi-

dates for arthroplasty and having a symptomatic spine, hip, or ankle or having neurological foot, or skin diseases or any other dis-

ease making it difficult to apply a brace (e.g., due to arthritis in the hand or difficulty in bending) [27].

All patients were evaluated and subjects a total of 10 individuals (eight females and two males) participated. The subjects wore a

knee orthosis on the affected side. The effect of the new modified brace was evaluated on Kinematic and spatio-temporal gait pa-

rameters of patients with medial compartment knee osteoarthritis by a gait analyzer coupled with a force plate. The subjects’ mean

age was 61.50±10.513 years, the mean weight was 73.7±8.354 kg, and the mean height was 158.2±10.465 cm.

According to Table 3, the study subjects, particularly females, were classified as overweight in terms of the body mass index.

Table 3: Descriptive characteristics of 10 subjects

Gender patient Age (years) Height (cm) Weight (kg) BMI (kg/m²)

mean SD mean SD mean SD mean SD

woman 8 58.38 5.502 156.75 8.301 74.88 8.983 30.461 2.84

man 2 74.00 19.799 164.00 21.213 69.00 2.828 26.168 5.67

total 10 61.50 10.512 158.20 10.465 73.7 8.354 29.603 3.625

Prior to the outset of the study, we obtained the approval of the Ethics Committee of the University of Social Welfare and Rehabili-

tation Sciences.

Testing Procedure

An advanced gait analyzer coupled with a force plate was used to evaluate the impact of the new brace. For this purpose, 16 pa-

tients were selected of which six were excluded due to obesity, osteoarthritis in the left knee, and increased pain sensitivity. The pa-

tient’s joint space width and the weight-bearing line extending from the center of the femoral head to the center of the ankle joint

and the knee joint loosening in the frontal plane were assessed. Patients were asked to attend a biomechanics laboratory to mea-

sure the body sizes and record disease information. All testing and information collection procedures as well as the devices were ex-

plained to patients. Patients were also assured about the safety of devices and familiarized with the lab environment. Patients' infor-

mation and written consent were obtained immediately after enrollment. According to the ethical protocol,  the study objectives

and stages were explained to all patients. The new brace-shell was precisely designed for each patient.

Fifteen markers reflecting infrared light were placed on each patient's lower limb using bilateral adhesive. Marking was performed

by the Helen-Hayes technique on the sacrum, great left and right trochanter, outer thigh, outer knee, outer leg, outer ankle, calca-

neus, and second leg metatarsus. The markers were mounted on the patient's body to delineate the anatomical coordinate system

and  calculate  the  kinematic  parameters  of  all  four  lower  limb  segments  over  a  complete  gait  cycle.  The  knee  joint  center  was

defined to the gait analyzer, based on the patient's height and circumference, and marker was attached to the inner knee to record

the data.
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Figure 2: A-Marking on the lower limbs of the patient, B-internal knee marker to find the center of the knee

To record patient gait parameters while using the brace made of carbon composite shells and a new joint, the advanced gait analyz-

er was used to quantify normal and pathological walking patterns, and force plate was utilized to determine the beginning and end

of the stance phase. Three-dimensional kinematics of the lower limb recorded with an advanced Vicon motion analysis 460 (Ox-

ford Metrics,  the UK) with five infrared cameras,  a Work Station software,  and 100 Hz frequency,  Two force platforms (Kistler

9286BA, Switzerland), on a 5-m walkway.

Figure 3: Biomechanics Laboratory

Kinematic data were obtained using an advanced gait analyzer. The parameters were normalized to body weight ratio. The maxi-

mum adduction angle in the frontal plate was studied in static and dynamic states with and without brace as the main parameter

of the study along with other Spatio-Temporal parameters [2, 7, 17, 28]. To analysis data, force plate data were first filtered by Mat-

lab  software  using  a  4th  order  Butterworth  10-Hz  low-pass  filter.  The  subjects  were  asked  to  walk  barefoot  at  her  self-selected

speed on the 5-m walk-way of the force plate for five times in order to record the acceptable data. Data were recorded since initial

touch of the heel to the force plate, and the subjects were asked to walk at their normal speed and take appropriate steps on two

force plates to record the data walked. An average of five valid trials per condition was used for analysis.  A trial was considered

valid if all the markers were recognized by the motion capture system. The subjects performed some familiarization trials before

data collection to achieve a natural gait pattern
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Figure 4: Wearing a brace and a 5-meter walk-way on the force plate

In the next step, patients’ knees were covered by the functional brace and the patients were asked to walk again five times. Kinemat-

ic parameters in sagittal and frontal planes in hip and knee joints were calculated based on the position of light reflective markers.

To determine the spatio-temporal parameters of the gait, the heel coordinates were used. Also, maximum and average knee flexion

and  adduction  angle  and  hip  and  knee  range  of  motion  at  the  frontal  plane  was  recorded  from  the  initial  contact  heel  to  the

ground during the stance phases. The collected data, as well as the information obtained from each camera, were used to create a

three-dimensional motion model on the computer called reconstruction. Using the gait graph of each experiment, the gait cycle

was completed and the required information was recorded. To determine the parameters’ values, data were entered into Excel soft-

ware. The code specified in Matlab software was run on the data sorted in Excel. Values of the study parameters were extracted for

all 10 patients.

Two force platforms were set apart and positioned to capture a left and right heel strike.

Data Analysis

Results

The repeatability  of  the  motion analysis  device  was  assessed  using  intra-class  correlation  coefficient  for  the  study  variables  and

Paired t-test was used to investigate the intra-group variations of the parameters studied. Paired t-test was used for paired compari-

son of mean response parameters in two measurements with and without brace.

Table 4: Evaluation of intragroup changes in kinematic parameters of gait in patients with osteoarthritis of the medial compartment knee

Frontal plane Sagittal plane

Maximum adduction angle
knee(degree)Stance phase

Maximum adduction angle
knee(degree)Swing phase

Maximum flexion
knee(degree)Stance phase

Maximum flexion
knee(degree)Swing phase

Without brace With brace Without brace With brace Without brace With brace Without brace With brace brace

-8.466 -5.519 -6.903 -6.953 44.4905 40.634 60.164 62.002 mean

2.151 1.419 1.39 1.543 5.055 5.786 8.0369 10.643 SD

0.000 0.581 0.000 0.408 P-value

According to Table 4 there was a significant difference in the knee adduction angle in the stance phase with and without brace (P

= 0.000), but in the swing phase, no significant difference was observed in the knee adduction angle with and without brace (P =

0.581); thus, brace could significantly modify knee adduction angle in stance phase.
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On the other hand, a significant difference was also observed in knee flexion in stance phase with and without brace (P = 0.000);

but in swing phase, no significant difference was observed in knee flexion with and without brace (P = 0.408). According to Table

4, the knee flexion angle significantly reduced with brace in the stance phase, while it was increased in the swing phase.

Table 5: Evaluation of intragroup changes in spatio-temporal parameters of gait in people with osteoarthritis knee

Speed(m/s) Cadence(steps/min) Stance phase(%
of cycle)

Stride
length(m) Stride time(sec) Double limb

SupportTime(Sec)

Without
Brace

With
Brace

Without
Brace

With
Brace

Without
Brace

With
Brace

Without
Brace

With
Brace

Without
Brace

With
Brace

Without
Brace

With
Brace Brace

0.541 0.636 66.807 74.641 68.618 65.811 0.842 0.976 1.796 1.557 0.319 0.213 Mean

0.192 0.211 11.139 11.311 7.153 6.101 0.244 0.353 0.372 0.266 0.208 0.113 SD

0.000 0.001 0.000 0.038 0.002 0.018 P-value

According to Table 5, there was a significant difference in spatio-temporal gait parameters with and without brace. Data showed

the desired alterations in patient's gait while using brace

The results of fitting a linear mixed model were calculated by changing the parameters of the additional group. Experiments were

repeated five times for each patient in each measurement step (with and without brace). Therefore, by fitting the linear mixed mod-

el, changes in five repetitions and changes caused by brace were investigated in the present study. Since the measurements in each

state were performed with and without a functional brace- in other words, each measurement was specific to the moment the sub-

ject used or did not use the brace- repetitions in the model were defined with and without brace and entered into the model as re-

peated brace.The average result of repeated (five times) measurements were compared for each parameter with and without brace.

The mixed model modified the model and its results by considering the repetitions for the two interventions (with and without

brace). Compared to the paired t-test method, the correlation was entered into the model and modified the results.

Kinematic gait parameters of patients with knee osteoarthritis

Table 6: Measurements of 5 repetition steps in conditions with and without brace

With brace Without brace

Total
(men±SD) 5 4 3 2 1 Total

(men±SD) 5 4 3 2 1 Repetition

40/633±5/551 40/672 40/647 40/791 40/516 40/539 44/490±5/2519 44/31 44/43 44/66 44/44 44/60

knee
flexion in
the stance

phase

10/202±001/62 61/914 62/033 62/055 62/02 61/984 7/709±416/60 60/134 60/274 60/192 59/967 60/251

knee
flexion in
the swing

phase

391/1±538/5- 503/5- 668/5- 607/5- 489/5- 424/5- 0868/2±465/8- 579/8- 587/8- 359/8- 506/8- 295/8-

Knee
adduction

angle in
the stance

phase

682/4±953/6- 941/6- 001/7- 927/6- 975/6- 920/6- 669/4±902/6- 884/6- 869/6- 954/6- 953/6- 853/6-

Knee
adduction

angle in
the swing
phase of

gait
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Table 7: Evaluation of fixed effects of affected knee variable

Knee adduction angle in
theswing phase

Knee adduction angle in
thestance phase

knee flexion in theswing
phase

knee flexion in thestance
phase Source

p-value F p-value F p-value F p-value F

01/0 161/20 000/0 788/156 0/000 465/657 0/000 588/202 Width of
origin

802/0 063/0 000/0 432/86 0/167 1/945 /0000 80/471 brace

0/950 336/0 760/0 618/0 1/000 0/028 836/0 0/523 Repeat
(brace)

Table 6 shows the mean knee flexion in the stance phase of the affected limbs for the study participants by measurement rank (1 to

5) and brace usage. It was observed that the mean knee flexion with brace was about 40° in the stance phase for all the subjects in

five repetitions. However, knee flexion was 44° without brace in the same phase. Hence, the new brace reduced knee flexion in the

affected limb by 4° in the stance phase.

According to Table 7 in five-time repeated measurements, use of brace had significant effect on mean knee flexion in stance phase

(P = 0.000). Since there was no significant difference between repeated measurements (P = 0.836), it can be said that repeated use

of brace did not effect on the knee flexion change in the stance phase.

Also there was a significant difference in the mean knee flexion in the stance phase between using and not using the brace. It was

also observed that there was no significant difference among repeated measurements (five times) in terms of using and not using

the brace; i e, the obtained values were reliable.

According to Tables 6, 7 there was no significant difference between using and not using the brace in the swing phase (P = 0.167).

In  other  words,  there  was  no significant  difference  in  mean response  when using  and not  using  the  brace.  However,  according

with table 6, the flexion angle of the affected knee (P = 62.001) increased when the subjects used the brace compared to the condi-

tion they did not use it (p = 60.164) in the swing phase.

According to Tables 7, Repeated knee flexion measures in the swing phase also had no significant difference (P = 1.000); in other

words, repeated use of the brace did not affect the knee flexion change. According to table 6 there was no significant difference re-

garding the mean knee flexion in the swing phase when the subjects used the brace and the average number of times they did not.

It  also  showed that  there  was  no  significant  difference  in  repeated  measurements  (five  times)  between  using  and  not  using  the

brace; i e, the obtained measures were reliable.

According to table 7, the use of the brace had significant effect on Knee adduction angle at the frontal plane in the stance phase (P

= 0.000). In other words, there was a significant difference in the mean Knee adduction angle at the frontal plane between using

and not using the brace.

Repeated measures of brace effect on Knee adduction angle at the frontal plane in the stance phase were not significantly different

In other words, repeated use of brace had no effects on Knee adduction angle. There was a significant difference in the mean knee

adduction angle in the stance phase when the subjects used the brace and the average number of times they did not use it. There

was no significant difference in repeated measurements (five times) between using and not using the brace; i e, the measures were

reliable.

According to tables 6, the use of the brace had not significant effect on knee adduction angle at the frontal plane in the swing phase

(P = 0.802). There was no significant difference in repeated measures in terms of brace effect on knee adduction angle in the swing

phase (P = 0.950). In other words, repeated use of brace did not influence knee adduction angle in the swing phase.
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The  Effect  of  Average  Measures  of  Five  Repetitions  with  and  Without  Brace  on  Spa-
tial-Temporal  Gait  Parameters  of  Patients  With  Knee  Osteoarthritis

Table 8: Measurements of 5 repetition steps in conditions with and without braces

With brace Without brace

Total
(men±SD) 5 4 3 2 1 Total

(men±SD) 5 4 3 2 1 Repetition

6363/02040/0± 6298/0 6223/0 6445/0 6475/0 6378/0 5404/01873/0± 5466/0 5405/0 5404/0 5352/0 5395/0 Speed(m/s)

64/748643/10± 7651/74 54/74 9215/74 53/74 442/74 808/66696/10± 425/66 704/66 017/67 6644/66 2304/67 Cadence(steps/min)

811/65855/5-± 765/65 706/65 838/65 901/65 845/65 609/68862/6± 607/68 612/68 765/68 479/68 581/68 Stance phase(% of
cycle)

976/0338/0± 968/0 979/0 984/0 978/0 972/0 842/00/234± 8401/0 8416/0 849/0 845/0 836/0 Stride length(m)

557/1256/0± 551/1 556/1 553/1 565/1 562/1 796/1358/0± 801/1 7912/1 8021/1 795/1 792/1 Stride time(sec)

212/0109/0± 219/0 215/0 213/0 204/0 211/0 319/02/0± 316/0 314/0 320/0 326/0 321/0 Double limbSupport
time (Sec)

Table 9: Evaluation of fixed effects of affected knee variable

Double limb
Support time (Sec) Stride time (sec) Stride length (m) Stance phase (% of

cycle)
Cadence

(steps/min) Speed (m/s) Source

p-value F p-value F p-value F p-value F p-value F p-value F

001/0 605/26 000/0 440/295 000/0 211/95 000/0 114/1073 000/0 399/417 000/0 55/87 Width
of origin

000/0 325/18 000/0 358/31 000/0 069/15 000/0 128/42 000/0 238/42 000/0 978/20 brace

997/0 138/0 999/0 096/0 998/0 128/0 967/0 291/0 974/0 269/0 716/0 671/0 Repeat
(brace)

According to table 9 Use of brace had a significant effect on gait velocity in patients with knee osteoarthritis (P = 0.000). In other

words, gait velocity significantly increased in patients when they used the brace compared to the time they did not.The repeated

measures of brace effect on gait velocity in patients with knee osteoarthritis did not significant difference (p = 0.716)

Also, Use of brace had a significant effect on the Cadence in patients with knee osteoarthritis (P = 0.000). i e, there was a signifi-

cant difference between Cadence when the subjects used the brace and did not use it. There was no significant difference in repeat-

ed measures  of  brace  effect  on Cadence in  patients  with knee osteoarthritis  (p  = 0.974).  In other  words,  time did not  affect  ca-

dence.

Another  hand  use  of  brace  had  a  significant  effect  on  the  percentage  of  stance  phase  in  patients  with  knee  osteoarthritis  (P  =

0.000); i e, the percentage of stance phase significantly decreased in patients with knee osteoarthritis when they used the brace com-

pared to the time they did not. There was no significant difference in repeated measures of brace effect on the percentage of stance

phase in patients with knee osteoarthritis (p = 0.967); i e, time did not affect the stance phase changes.

Another hand Use of brace had a significant effect on Stride length in patients with knee osteoarthritis (P = 0.000). In other words,

Stride length increased significantly in patients with knee osteoarthritis when they used the brace compared to the time they did

not. There was no significant difference in repeated measures of brace effect on Stride length in patients with knee osteoarthritis (P

= 0.998); hence, time did not affect patients’ Stride length.



11 Journal of Orthopaedics and Bone Research

ScholArena | www.scholarena.com Volume 4 | Issue 1

Use of brace had a significant effect on Stride time in patients with knee osteoarthritis (P = 0.000); hence, the Stride time increased

significantly in patients with knee osteoarthritis when they used the brace compared to the time they did not. There was no signifi-

cant difference in repeated measures of brace effect on Stride time in patients with knee osteoarthritis (P = 0.999). In other words,

time did not affect Stride time changes in the studied patients.

Use of brace had a significant effect double stance time in patients with knee osteoarthritis (P = 0.000). In other words, there was a

significant difference in the double stance time in patients with knee osteoarthritis when they used and did not use the brace; i e,

use of the brace decreased double stance time. There was no significant difference in repeated measures of brace effect on double

stance time in patients with knee osteoarthritis (p = 0.997); i e, time had no effects on double stance time in the studied patients.

Discussion

The aim of this study was to assess the effect of a newly designed joint orthosis with different structural materials on the gait char-

acteristics of OA patients in five conditions and to determine which condition yields better results in terms of reducing peak knee

adduction angle in the stance and maximum knee flexion angles in the swing phases of the gait cycle.

Modification of knee adduction angle in the frontal plane in the middle of the stance phase and synchronization with knee joint

kinematics during the swing phase

According  to  the  results  of  the  study  by  N Foroughi  et  [17]  the  knee  adduction  moment  and angle  increases  by  30% in  stance

phase of the gait cycle. Accordingly, knee joint alignment will be corrected due to the screw home mechanism. Therefore, it seems

that an attempt to correct knee mal alignment during the first 30% of the stance phase is reasonable. More satisfactory results of

the brace with corrective mechanism are due to the mechanical transformation of knee extension in the sagittal plane at the initial

stance (i.e., heel strike) to abduction in the frontal plane near mid stance. This corrective function of the brace prevents knee ad-

duction position (due to body weight bearing) and maintains the knee in the abduction position. In addition, in this mechanism,

the application of the inhibitory force from the deviation to the knee joint does not continue until the end of the gait cycle and is

reduced after the stance phase. The new joint mechanism has the dual function of knee adduction angle modification at the frontal

plane at  its  peak in the middle stance phase and synchronization with knee joint kinematics during the swing phase.  The brace

with a new articular mechanism prevents the development of knee adduction angle from the early to middle of the stance phase

and to prevent any problems in normal knee movements, cooperates with knee kinematics during the rest of the walking phases.

According  to  the  gait  analysis  results  of  the  current  study,  the  new  joint  mechanism  reduced  the  knee  adduction  angle  in  the

stance phase by preventing genu varum. However, the new joint mechanism did not change the knee adduction angle in the swing

phase. In fact, it can be said that the knee adduction angle on the frontal plane decreased in the stance phase and did not change in

the swing phase. These results were observed in the replications of each test in the laboratory. It is important to note that this find-

ing was inconsistent with the results of the study by M Toriyama [29] study since the knee adduction angle increased while using

the brace at 46% to 55% of the stance phase compared to not using it in his study. This may depend on the flexible shell of the Ös-

sur unloader brace and the incompatibility of the brace with joint motion in the study by M Toriyama According to findings of the

study by NA Segal [30]; improved knee alignment during walking confirmed the positive biomechanical effects of the brace.”

In addition, in agreement with the results of the present study, the knee flexion rate in the stance phase decreased with the use of a

new brace and helped to achieve a complete limb flexion in the swing phase that was in accordance with the required gait modifica-

tion in the patients as noted in the study by da Silva[31], This can be achieved by producing compatibility between joint motion

and the new brace, adhering to the lock and release soft switch mechanism of the knee, helping to achieve complete extension at

the stance loading phase, and providing complete limb flexion while walking in the swing phase using the traction wire.
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In  patients  with  severe  osteoarthritis,  there  is  less  extension  in  mid  stance,  which  is  accompanied  by  a  delay  in  the  peak  knee

flexion angle in the swing phase. In the study by L Sharma [32], changes in knee flexion angle during gait were introduced as deter-

minants of the disease severity.

The results of the present study contradict the findings of the studies by Richard [33], Davidson [34], and RDA Gaasbeek [35] on

knee angles modification in sagittal plane. In the study by Richard, valgus brace did not change knee flexion in the swing phase;

but in the study by Davidson & RDA Gaasbeek, the range of motion of the knee reduced in the sagittal plane while using the brace,

since it prevented complete extension at the end of the swing phase and reduced the swing phase duration. In the study by David-

son, brace could prevent complete knee extension in the stance phase by applying the constant valgus-producing forces in the fron-

tal  plane.  However,  the  new  articular  mechanism,  due  to  synchronization  with  knee  kinematics,  was  at  least  dependent  on  the

strap pressure to stabilize the brace on the limb. Hence, it did not cause restrictions on knee movements in the sagittal plane.

It seems that the new joint by using the articulated accelerator and locking mechanisms in the swing and stance phases, coupling

to the knee kinematics in the transverse plane and trans cellular segment in the sagittal plane, preventing the longitudinal displace-

ment and sliding of the brace during motion, and avoiding knee disruption during flexion motion can modify knee alignment in

the frontal and sagittal planes. The reduction of knee adduction angle in the middle of the stance phase while using the brace, com-

pared to not using it, and no changes in the knee adduction angle in the swing phase in the frontal plane, may emphasize the dual

function of the articular mechanism. Increasing knee flexion in the swing phase and decreasing knee flexion in the stance phase in

the sagittal plane can support improved knee biomechanical function in patients.

A significant increase in gait Speed, stride length, and Stride time was observed during the stance phase in the present study. How-

ever, a significant decrease was observed in double limb Support time and step time during the gait phases. These results were ob-

tained from the gait analyzer while walking on a straight path for each patient while using and not using the brace. These results

were consistent with those of the study by M Toriyama [29] on gait speed, cadence, stride length, and Stride time obtained from

the gait analyzer, but they were inconsistent with those of the study by JD Richards [33].

Since in the current study, the brace joint was in Synchronization with the knee joint, and the results showed the control of the ad-

duction angle in the stance phase, and improvement of the flexion angle in the swing phase, the brace could increase gait speed by

increasing stride length, and Stride time and cadence. However, the study by Richards [33] emphasized changes in cadence and

gait speed in the studied patients while using the brace. But walking symmetry was improved with the longer stance phase. Im-

provement in gait speed and other spatio-temporal variables confirmed improvement in knee joint functional abilities [2]. It can

be deduced that by increasing gait speed the integral of speed and the stride length also increase, so cadence and the stride length

also increase with the new brace; the information obtained from gait analyzer also confirm the findings.
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Conclusion

Understanding the complexity of knee osteoarthritis and the development of treatments require extensive investigations. Investi-

gating patients' walking patterns to achieve the most desirable type of intervention is very important. Although other non-mechan-

ical treatments such as physiotherapy, osteotomy surgery, and lateral wedge placement are available for OA patients, these treat-

ments have some drawbacks that prevent them from being completely accepted by OA patients [19, 25, 36-39]. Thus, a mechanical

treatment capable of minimizing excessive misaligned load on the knee joint while allowing OA patients to perform their daily ac-

tivities could be highly beneficial. Brace sleeves, used as knee osteoarthritis modifiers, are very effective during activities of daily liv-

ing such as walking [20]. Although studies introduce brace as the knee osteoarthritis modifier, synchronizing the brace joint to the

knee joint and modify positioning of the brace on the limb is the main factor for maximum efficiency [21]. An appropriate brace

joint can reduce all unwanted forces on the joint and shear forces on the knee tissue.

With the help of a knee-fit brace, the knee angle in the frontal plane, the direction of the knee adduction angle, and the compres-

sive load applied to the medial compartment of the joint can be reduced during loading [40-42]. Likewise, patients' walking pat-

terns may be modified. Valgus brace applies a constant and permanent modifying force to the knee throughout the walking pro-

cess. However, the peak of knee adduction angle occurs in the middle of the stance phase [18, 43]. Valgus brace significantly re-

duces knee adduction angle, but it is unnecessary to apply a constant bending force to the knee during walking. Also, common val-

gus braces reduce the knee flexion angle in the swing phase and shorten the stride length [31]. This is due to limited movement in

the knee due to the force of ordinary braces, or due to the inconsistency that the patients feel between the movement of the brace

joint and the knee joint. In the new articular mechanism, by maximizing the synchronization of brace joint with knee kinematics,

the  motion  limitation  was  not  created  in  the  sagittal  plane  during  the  swing  phase,  so  knee  flexion  rate  increased  in  the  swing

phase [24].

The results of the study showed knee adduction angle modification in the middle of the stance phase, knee flexion improvement in

the swing phase, and knee flexion reduction in the stance phase, while no changes were observed in knee adduction angle in the

swing phase. Likewise, brace can be adjusted with the patient's gait by discontinuing shaving; so that there is no need for excessive

straps to apply shaving to the brace. Since knee alignments provided by traction wire from initial stages of the swing phase to the

end of the stance phase, there is no additional force on the knee. Also, due to transitional force of tibia on femur in the transverse

plane, the brace does not have a longitudinal displacement by mounting the transducer piece on the load connected to the leg shell

[24].

A limitation of this study was the limited number of participants because of the nature of this study. Only a single participant was

recruited for the evaluation of the new brace.

Study Application

This brace can be considered as a solution for modifying knee adduction angle and controlling the symptoms of medial compart-

ment knee osteoarthritis with further investigations and overcoming the possible problems. With this brace, it may be possible to

eliminate the need of patients, especially the youth, to undergo painful and expensive surgical procedures to reduce the symptoms

of osteoarthritis.



Journal of Orthopaedics and Bone Research 14

ScholArena | www.scholarena.com Volume 4 | Issue 1

Reference

1. Egloff C, T Hügle, V Valderrabano. (2012) Biomechanics and pathomechanisms of osteoarthritis. Swiss medical weekly, 142.

2. Gök H, S Ergin, G. Yavuzer, (2002) Kinetic and kinematic characteristics of gait in patients with medial knee arthrosis. Acta Or-

thopaedica Scandinavica, 73: 647-52.

3. Huch K, KE Kuettner, P Dieppe (1997) Osteoarthritis in ankle and knee joints. in Seminars in arthritis and rheumatism.

4.  Cooke TDV,  EA Sled,  RA Scudamore,  (2007)  Frontal  plane  knee  alignment:  a  call  for  standardized measurement.  Journal  of

Rheumatology. 34: 1796.

5. Brouwer R, et al. (2006) Brace treatment for osteoarthritis of the knee: a prospective randomized multi-centre trial. Osteoarthri-

tis and cartilage. 14: 777-83.

6. Baghaei Roodsari R, et al. (2017) The effect of orthotic devices on knee adduction moment, pain and function in medial com-

partment knee osteoarthritis: a literature review. Disability and Rehabilitation: Assistive Technology. 12: 441-9.

7. Barrios JA, TD Royer, IS Davis, (2012) Dynamic versus radiographic alignment in relation to medial knee loading in symptomat-

ic osteoarthritis. Journal of applied biomechanics. 28: 551-9.

8.  Beaudreuil  J,  et  al.  (2009)  Clinical  practice  guidelines  for  rest  orthosis,  knee  sleeves,  and  unloading  knee  braces  in  knee  os-

teoarthritis. Joint Bone Spine, 76: 629-36.

9. Dessery Y, et al. (2014) Comparison of three knee braces in the treatment of medial knee osteoarthritis. The Knee 21: 1107-14.

10. Duivenvoorden T, et al. (2015) Braces and orthoses for treating osteoarthritis of the knee. Cochrane Database of Systematic Re-

views.

11. Esrafilian A, MT Karimi, A Eshraghi, (2012) Design and evaluation of a new type of knee orthosis to align the mediolateral an-

gle of the knee joint with osteoarthritis. Advances in orthopedics.

12. Fesharaki SA, et al. (2020) The Effects of Knee Orthosis with Two Degrees of Freedom Joint Design on Gait and Sit-to-Stand

Task in Patients with Medial Knee Osteoarthritis. Sultan Qaboos University Medical Journal [SQUMJ] 20: e324-31.

13. Stamenović D, et al. (2009) Pneumatic osteoarthritis knee brace. Journal of biomechanical engineering, 131.

14. Larouche D, (2020) Knee brace, Google Patents.

15.  Brouwer RW, et  al.  (2005)  Braces  and orthoses  for  treating osteoarthritis  of  the knee.  Cochrane Database  of  Systematic  Re-

views.

16. Walter JP, et al. (2010) Decreased knee adduction moment does not guarantee decreased medial contact force during gait. Jour-

nal of orthopaedic research, 28: 1348-54.

17. Foroughi N, R Smith, B Vanwanseele (2009) The association of external knee adduction moment with biomechanical variables

in osteoarthritis: a systematic review. The Knee 16: 303-9.

18. Foroughi N, et al. (2010) Dynamic alignment and its association with knee adduction moment in medial knee osteoarthritis.



15 Journal of Orthopaedics and Bone Research

ScholArena | www.scholarena.com Volume 4 | Issue 1

The Knee 17: 210-16.

19. Reeves ND, FL Bowling. (2011) Conservative biomechanical strategies for knee osteoarthritis. Nature Reviews Rheumatology.

7: 113.

20.  Ramsey  DK,  et  al.  (2007)  A  mechanical  hypothesis  for  the  effectiveness  of  knee  bracing  for  medial  compartment  knee  os-

teoarthritis. The Journal of bone and joint surgery. American volume, 89: 2398.

21. Grood ES, WJ Suntay (1983) A joint coordinate system for the clinical description of three-dimensional motions: application

to the knee.

22. Self BP, RM Greenwald, DS Pflaste, (2000) A biomechanical analysis of a medial unloading brace for osteoarthritis in the knee.

Arthritis Care & Research, 13: 191-7.

23. Winter DA, (2009) Biomechanics and motor control of human movement: John Wiley & Sons.

24. ROODSARI RB, (2020) Apparatus for treating and supporting extremities or a portion of a body, Google Patents.

25. Bennell KL, RS Hinman (2015) What is the evidence for valgus bracing effects in knee OA? Nature Reviews Rheumatology, 11:

132-4.

26. Hochberg MC, et al. (1995) Guidelines for the medical management of osteoarthritis. Part II. Osteoarthritis of the knee. Ameri-

can College of Rheumatology. Arthritis and rheumatism. 38: 1541-6.

27.  Zhang  W,  et  al.  (2008)  OARSI  recommendations  for  the  management  of  hip  and  knee  osteoarthritis,  Part  II:  OARSI  evi-

dence-based, expert consensus guidelines. Osteoarthritis and cartilage, 16: 137-62.

28. Zeni Jr JA, JS Higginson, (2009) Differences in gait parameters between healthy subjects and persons with moderate and severe

knee osteoarthritis: a result of altered walking speed? Clinical biomechanics, 24: 372-8.

29. Toriyama M, et al. (2011) Effects of unloading bracing on knee and hip joints for patients with medial compartment knee os-

teoarthritis. Clinical Biomechanics 26: 497-503.

30. Segal NA, (2012) Bracing and orthoses:  a review of efficacy and mechanical effects for tibiofemoral osteoarthritis.  PM&R, 4:

S89-S96.

31.  da  Silva,  HGPV,  et  al.  (2012)  Biomechanical  changes  in  gait  of  subjects  with  medial  knee  osteoarthritis.  Acta  Ortopedica

Brasileira, 20: 150.

32. Sharma L, et al. (1997) Is knee joint proprioception worse in the arthritic knee versus the unaffected knee in unilateral knee os-

teoarthritis? Arthritis & Rheumatism: Official Journal of the American College of Rheumatology. 40: 1518-25.

33. Richards J, et al. (2005) A comparison of knee braces during walking for the treatment of osteoarthritis of the medial compart-

ment of the knee. The Journal of bone and joint surgery. British volume, 87: 937-9.

34. Davidson EB, P Van der Kraan, W. Van Den Berg, (2007) TGF-β and osteoarthritis. Osteoarthritis and cartilage. 15: 597-604.

35. Gaasbeek RD, et al. (2007) Valgus bracing in patients with medial compartment osteoarthritis of the knee: a gait analysis study

of a new brace. Gait & posture, 26: 3-10.



Journal of Orthopaedics and Bone Research 16

ScholArena | www.scholarena.com Volume 4 | Issue 1

36.  Bennell  KL,  MA  Hunt,  RS  Hinman,  (2009)  EXERCISE,  TAPING,  AND  BRACING  AS  TREATMENTS  FOR  KNEE  OS-

TEOARTHRITIS PAIN. Pain in Osteoarthritis, 2009: p. 255.

37. Bert JM, TM Bert, (2014) Nonoperative treatment of unicompartmental arthritis: from bracing to injection. Clinics in sports

medicine 33: 1.

38. Kwaees, TA (2018) Exploring the Effects of a Non-mechanical Knee Brace on Lower Limb Kinematics & Kinetics in Healthy In-

dividuals & its Implications for Patients with Osteoarthritis of the Knee, University of Central Lancashire.

39. Mirzaei F, et al.  (2018) Combined effects of a valgus knee brace and lateral wedge insole on walking in patients with medial

compartment knee osteoarthritis. JPO: Journal of Prosthetics and Orthotics, 30: 39-45.

40. Fantini Pagani CH, M Hinrichs, GP Brüggemann (2012) Kinetic and kinematic changes with the use of valgus knee brace and

lateral wedge insoles in patients with medial knee osteoarthritis. Journal of Orthopaedic Research 30: 1125-32.

41. Briem K, DK Ramsey. (2013) The role of bracing. Sports medicine and arthroscopy review. 21: 11-7.

42. Farrokhi S, et al. (2012) Are the kinematics of the knee joint altered during the loading response phase of gait in individuals

with concurrent knee osteoarthritis and complaints of joint instability? A dynamic stereo X-ray study. Clinical biomechanics 27:

384-9.

43. Draper E, et al. (2000) Improvement in function after valgus bracing of the knee: an analysis of gait symmetry. The Journal of

Bone and Joint Surgery. 82: 1001-5.


