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ABSTRACT

IS Knee osteoarthritis is a common, progressive, and chronic disease that affects approximately
13% of the population over the age of 60. Osteoarthritis causes progressive disability and changes in gait
parameters, decreased function and quality of life of patients by causing malalignment of the knee in
the frontal plane following destruction of articular cartilage. Braces as a mechanical intervention are a
successful treatment for osteoarthritis knee and its associated malalignment. Using a three-point pres-
sure mechanism, braces create a natural alignment in the knee by straps attached to the thigh and shank
shells, which reduce the medial knee load and correct the varus alignment. This distributes the force
properly while walking. However, applying a constant force on three pressure points of the leg, thigh and
affected knee joint reduces the adduction angle of the knee in all phases of gait cycle , while the correc-
tion of the adduction angle of the knee in patients is essential only in phases between 30% to 60% of the
stance phase, when the knee deviation reaches its peak. The aim of this study is to design and fabricate
a brace joint with a new intermittent correction mechanism for patients with osteoarthritis medial com-
partment knee and to investigate its effect on a patient's gait parameters.

The new joint design of the knee brace was based on the conversion of the knee
extension movement at the end of the swing on the sagittal plane to the abduction movement on the
frontal plate by stretching the converter piece. Participant gait was assessed in two ways with and with-
out braces. Kinematic variables including knee joint angles in the sagittal and frontal planes and spatio-
temporal variables of patient gait were measured and recorded.

[(TEMIE The results of the new brace joint function on the knee showed that the angle of flexion of the
knee in the swing phase increased from 44.72° to 46.19° when using brace. Also, knee adduction angle
in the stance phase decreased from 4.25° to 2.3° and patient's walking speed while wearing the brace
increased from 0.88 m/s to 0.93 m/s. On the other hand, step length increased from 1.125 m to 1.451 m
when using brace and the percentage of stance phase decreased from 63.53 to 62.68 when using brace.
[@TEIERT In this one-sample study, a knee brace with a new joint was able to help correct the direction
of knee joint in the frontal and sagittal plane and affect the patient's gait parameters. It seems that if the
same results are obtained in a large-scale clinical study, this brace could be a suitable replacement for
invasive methods and inappropriate orthoses.
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Introduction

nee Osteoarthritis (OA) is a type of joint

lesion in which the joint becomes inflamed

with synovium. Over time, with daily ac-

tivities, a large amount of cartilage cover-

ing the bone is destroyed [1]. This meta-

bolically active disease is progressive and
chronic loss of cartilage depends on genetic factors, dam-
age, or overload on the joint [2, 3]. According to the World
Health Organization, knee OA is the most common form of
arthritis, one of the four debilitating diseases in women and
eighth in men. Knee OA in approximately 25% of adults
over 55 years of age, is the most common joint disease. It
causes significant pain in the knee [4, 5]. Common protec-
tive and non-invasive interventions are orthosis treatments
that try to correct the alignment with mechanical tools and
reduce the load on the internal compartment of the knee
[6-8]. Functional orthoses, knee braces, shoes, and insoles
are among the orthosis treatments. Knee braces work by
controlling the deflection of the knee in the frontal plane
and changing its orientation by applying force through
the straps [9]. The braces should also reduce the angle of
flexion of the knee in the sagittal plane [10, 11]. However,
patient adaptation to braces is the main problem in using it
[12]. It seems that applying unnecessary valgus force on
the knee in all gait stages is one reason for not using braces
[13]. As we know, the deviation of the varus direction of
the knee occurs only between the moment the heel hits the
ground and up to 30% of the gait stance stage. After that,
from the heel and toe lifting stage to the end of the knee
swing and the heel hitting the ground again, the varus is
reduced by the locking mechanism of the knee. So, it is un-
necessary to apply a constant force on the knee with a brace
at all stages of gait [14].

Another important point to note is that knee braces have
joints with one or two degrees of freedom of movement,
while the natural movements of the knee joint are in three
plates with six degrees of freedom of movement [15, 16].
On the other hand, the piston forces created by the brace
on the patient’s limb during gait and different places of the
brace on the knee, during successive wearing and removal,
which, for 5 mm of wrong placement of the brace joint on
the limb, can cause major changes in limb mechanics [17].
Thus, it seems that the incompatibility of brace and knee
joint motion, inconsistency between brace knee joint with
the anterior-posterior movement of the femur over tibia
during knee flexion, brace piston movement on the limb,
and application of continuous corrective force by stretching
on the knee in all gait stages are factors that braces are not
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accepted by patients [12, 18]. These tips led us to the design
of the new knee joint.

The knee joint brace with its new joint includes a flexible
steel wire interface, two small pieces of steel in the center
of the joint, distal and proximal aluminum loads attached
to the joint, and rails embedded in the distal joint alumi-
num load. The new joint is made of durable and quality
7075 aluminum and 316L.VM / stainless steel. So, in ad-
dition to lightness, it has high strength. The total weight
of the joint is 260 g (Figure 1). Thigh and leg braces were
made by molding the patient’s limbs. The shells of this
brace are made of acrylic resin [19].

The new joint mechanism converts the knee movement
at the end of the swing stage into a corrective movement of
the adductor deflection to the middle of the stance stage by
pulling the wire embedded in a special chamber. The power
to correct the adductor angle of the knee during normal gait
is provided in proportion to the body’s weight-wire tension,
with adjustable screws.

A special rail was installed in the distal part of the joint
load to adopt the brace’s movement to the femur’s sliding
motion on the tibia bone during knee flexion and longitudi-
nal displacement of the knee. By providing a sliding motion
on the brace load, the machine brace was found to accom-
pany the knee with a transfer motion of 10 to 15 mm up and
down in the locked and free position of the knee.

The new brace joint was made of three joints to simulate
the knee lock mechanism and create rotational movements
around the vertical axis inside the joint. In this way, the abil-
ity to move in three motion plates in accordance with knee
movements is provided for the brace joint [19].

Participant and Method

One female volunteer (age 61, weight 69 kg, height 154
cm) participated in this study. The patient was brought to
the orthosis and prosthesis clinic of the University of Re-
habilitation Sciences and Social Health. The subject was
selected according to the inclusion and exclusion criteria.
Based on the Clarence Lawrence scale, the patient had pain
in one knee for the past 6 months and grade 2 knee OA [20].
The patient had clinical signs of swelling, dryness and joint
pain, muscle weakness, and loss of knee confidence. Radi-
ography of the affected knee in a standing position in fron-
tal view showed narrowing of the joint space and sharpen-
ing of the edge of the tibia. The patient’s physical activity
was impaired due to pain. The patient was not a candidate
for joint replacement surgery. He had no history of invasive
treatment, including injection therapy for the knee. He was
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Figure 1. New orthosis used in this study Rehabilitation

also diagnosed with obesity, osteoarthritis of the other knee,
and hypersensitivity to pain.

On the other hand, she did not suffer from symptomatic
neurological or spinal diseases such as disk herniation, os-
teoarthritis of the hip, wrist, or ankle, and skin problems
or any illness that makes orthosis difficult to use [21]. The
subject used braces only for the affected limb. The Eth-
ics Committee of the University of Rehabilitation Sci-
ences and Social Health approved this study with the code
IR.USWRREC.1392.130, and the subject signed the in-
formed consent form.

The subject’s gait was assessed in two modes with and with-
out braces. Data recording began from the moment the heel
of each foot strikes with the force plate device. The person
had to take appropriate steps on two screens with her natural
gait pattern. To record kinematic parameters including knee
angles in the frontal, sagittal, and spatial-temporal planes gait,
including speed, step time, phase percentage, affected limb

Figure 2. New knee joint designing
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step length, number of steps per minute, and standing time on
two legs, we used advanced gait analysis devices.

We quantified normal and pathological gait patterns and
force plate to determine the beginning and end of the stance
stage. The advanced gait analyzer, a Vaikan device (460
Oxford Metrics, UK), has five infrared cameras with 100
Hz Workstation software and a Kistler A9286 5-m power
plate device. Fifteen infrared light-reflecting markers were
applied to the patient’s lower extremities using a double-
sided adhesive, according to the Stoltze et al. method [22].

To collect data in the laboratory, the patient walked for a
while at her comfortable and normal speed in both condi-
tions of with and without braces on the force plate device
embedded in the ground between the cameras of the gait
analyzer, which was finally recorded five times. To prevent
the effects of shoes and braces on the patient’s gait, she
walked barefoot. The reproducibility of the gait analyzer
was measured in one day to evaluate the variables. To inves-
tigate the group changes of the parameters studied in the
present study, the paired t test was used.

Results

When using the brace, the adductor angle of the knee on
the frontal plate decreased, and the gait speed increased.
The knee adduction angle in the stance phase dropped from
4.25° 10 2.3°, and the patient’s gait speed while wearing the
brace increased from 0.88 m/s to 0.93 m/s. In addition, an
increase in knee range of motion and stride length was ob-
served using braces. The knee flexion angle in the swing
phase increased from 44.72° to 46.19° when using the
brace. On the other hand, the stride length increased from
1.125 m to 1.451 m when using the brace, and the percent-

Archives of

Rehabilitation

Baghaei Roudsari R, et al. Brace Joint with a New Mechanism for Correcting Intermittent Knee Swelling. RJ. 2022; 22(4):544-557




Archives of

Rehabilitation

Table 2. Maximum Knee Flexion and Adduction Angles (Degree) (Kinematic Variables) in the Position With and Without Braces in the Gait Stages

Parameters Knee Adduction Swing Knee Adduction Stance Knee Flexion Swing Knee Flexion Stance
Intervention A B A A B A B
Rl EE 11.76 11.78 425 44.72 46.19 25.51 24.46

ated

A: Without braces; B: With braces.

age of stance phases decreased from 63.53 to 62.68 when
using the brace.

Discussion and Conclusion

Because of the normal movements of the knee and the
motion mismatch of the existing brace joints with the knee
joint, the problem of instability of the brace on the limb is
raised [23, 24]. To create a proper suspension and eliminate
the extra movements of the braces on the limb, the patient is
forced to tighten it, which leads to excessive pressure on the
soft tissue, while applying the corrective load of the braces
on the limb is also provided only by strap pressure [7]. In
the study of Gaasbeck et al. [31], it was observed that the
range of motion of the knee with a brace on the sagittal plate
decreases with strap pressure. Recent designs have focused
on applying a static correction load through the brace joint
or shells. As in the medullary brace of Esrafilian et al. [32],
change the direction of the knee is provided by applying a
constant and adjustable force on the brace joint, by screwing
according to the adductor deviation of the knee and patient
tolerance, on the outer upper shell and lower inner shell on
the frontal plate. Also, in Laroche locked spacer joint, the
knee joint encounters the locking of the brace joint while
moving when varus deflection occurs in the knee [28].

On the other hand, in a light brace with a soft frame by
Stamenovi¢ et al. [33], a three-point pressure leverage arm
was made using the shells pneumatic lever, which by in-
flating the shells and activating the pneumatic system and
inflating separate bags, apply the correction force of valgus
on the knee. In braces with rigid and shell pneumatic frames
of Arazpour et al. [35], the adductor torque correction in the
frontal plate is done by adjusting the pneumatic correcting

Table 3. Spatial parameters, gait time with and without braces in gait stages
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force embedded in the shells by the patient. In all of these
designs, the patient can impair the function of the brace to
avoid applying a double corrective load on the injured limb
and prevent further pain, or the brace can damage the pa-
tient’s soft tissue and normal gait, especially in corsets that
focus on the input of varus correction force shells, where
pressure is observed in soft tissues, especially the arteries
[31]. The new mechanical joint can correct the varus direc-
tion of the knee using a kinematic inhibitor built into the
joint by converting the knee extension movement in the
sagittal plane to the abduction movement in the frontal plate
by pulling the wire. On the other hand, to prevent the brace
from moving on the limb, a rail is inserted in the lower load
of the joint. The new joint has maximum kinetic adaptation
to the knee in all planes of motion, is light in weight, and
can convert motion in the final stages of the swing phase
to the middle of the stance phase so that it does not con-
trol the knee in the swing phase where adductor deflection
is minimized. Thus, the corrective force is not applied to
the injured knee in all stages of walking, which is in accor-
dance with the main biomechanical mechanism and stages
of knee movement [32, 33] and can lead to improved func-
tion and symmetrical gait pattern in the early and middle
stages of the knee OA [34]. It was also observed that the
brace with the new joint reduced the amount of knee flexion
in the stance phase of gait and helped create complete knee
flexion in the swing phase. These findings are precisely in
line with the correction required for gait in patients referred
to in the Silva study [35].

It should be noted that in people with OA, less exten-
sion occurs in the late stages of stance in the knee, which
is associated with a delay in the peak angle of flexion in
the swing phase [18, 36]. As in Sharma’s study [37], the

. Number of A
Parameter Speed (m/s) Stride Time (s) L Le'ng'th Af: Stance Phase Strides per SN N
fected Limb (m) (%) . Two Feet (s)
Minute
Intervention A B A B A B A B A B A B

Difference cre-

0.88 0.93 89.60 91.24 1.125
ated

1.145 63.53 62.68 1.32 1.24 0.164 0.16

A: Without braces; B: With braces
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change of knee flexion angle during gait has been intro-
duced as a factor determining the severity of the disease.
The present study results on the correction of knee angles
on the sagittal plate show inconsistencies with the findings
of Gaasbeek et al’s study, the valgus maker brace did not
change the amount of knee flexion in the swing phase [31].
In Davidson’s study, braces were found to prevent full knee
extension in the stance phase of gait due to the application
of constant valgus-creating forces on the frontal plane.
However, due to the motion adaptation to the knee joint and
the rail providing the sliding movement of the brace joint
near the knee, the new joint mechanism has the least depen-
dence on the strap pressure to provide the brace suspension
on the limb. These variables should be examined separately
in the following steps and future studies. It is suggested that
in a comprehensive and more extensive investigation, the
effect of this brace on patients with severe degrees of OA on
scales 3 and 4 of Clarence Lawrence be measured.

People with knee OA also show changes in gait pattern
and stride characteristics such as the number of strides per
minute and stride length or gait speed [39]. According to
the Creaby study [43], slowing gait is a compensatory strat-
egy to reduce pain in these patients, and improving speed,
and other spatial-temporal variables of gait can confirm the
functional abilities of the knee joint. Patients reduce the
load on the knee joint by decreasing the gait speed [41, 42].
The use of braces with a new knee joint increased the pa-
tient’s gait speed. Although the value of this variable was
higher compared to conditions without braces, this rate is
still low compared to healthy people of the same age. Im-
proving the patient’s gait speed in this study could be due to
the increase in stride length by decreasing the knee flexion
angle in the stance stage along with increasing the number
of strides per minute, which should be measured in a more
extensive study.

On the other hand, it can be inferred that the speed inte-
gral, i.e., distance, also increases because of increasing the
gait speed. Therefore, it was observed that the stride length
was raised with this brace, which was also confirmed by
the information obtained from the gait analysis device [31].
These results are consistent with the Trombini-Souza et al.'s
study [46] on gait speed, the number of strides per minute,
stride length, and step length recorded from the output of
the gait analyzer, but differ from the Richards’ study [31].
Since the new joint is in motion adaptation to the knee joint,
and the results of this study show control of the adductor
angle in the stance phase and improvement of the flexural
angle in the swing phase, braces can increase the speed by
increasing the stride length and the number of strides per
minute. However, the Richards study emphasized that pa-
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tients should not increase the number of strides per minute
and the gait speed of patients with braces.

Because this study was designed to present the initial find-
ings of a new knee brace, the results cannot be generalized
to a large population. The main purpose of this study was
to evaluate the performance of this brace on patients, so a
person with OA of the internal compartment of the knee
was included in this study. The immediate effects of gait
with a brace were also investigated in this study. This is one
of the main limitations of this study. In addition, the pa-
tient was analyzed as a control group, so this study lacks a
control group. The sample size was small, and the inabil-
ity to involve patients with grades 3 and 4 of the Clarence
Lawrence scale was another limitation of this study. After
a large-scale clinical examination and final confirmation of
the initial results, this brace can be a suitable alternative to
correct varus deviation in patients with invasive and time-
consuming methods.

Conclusion

It seems that the new joint uses the joint mechanism of
accelerator and lock in the swing and stance phase and ac-
companying the knee in the transverse and sagittal plane
with the transliteration piece and preventing longitudinal
movement and sliding of the brace on the limb. Also, mov-
ing and avoiding disturbance to the knee during flexion
movement can correct the direction of the knee in the fron-
tal and sagittal planes.

Ethical Considerations
Compliance with ethical guidelines

The Ethics Committee of the University of Rehabilitation
Sciences and Social Health, Confirmed the study (Code:
IR.USWRREC.1392.130).

Funding

This research did not receive any grant from funding
agencies in the public, commercial, or non-profit sectors.

Authors' contributions
All authors equally contributed to preparing this article.
Conflict of interest

The authors declared no conflict of interest.

Baghaei Roudsari R, et al. Brace Joint with a New Mechanism for Correcting Intermittent Knee Swelling. RJ. 2022; 22(4):544-557




F oylods. Y¥ 0590 . VFee yliuns) SiADIgo

$290 09155

332 9 Bl yob 43 9il5 gl o] Caa Wi punilSo b (s 2 Juadie CaLw g (20
15 315 lod oS Cup 35 lgitan] 4 Wiao lows S (539, 0l (sl ey 2 o 56

dilow ¢ \‘5’40,0 [k'.‘h‘)'.’l Jono ¢ rd'b.ulﬁ' ‘Nl)-“‘ L}_&‘Au:‘ ¢ \(_‘)L‘.‘:'.':“ Lo')AM.é ¢ “‘éx‘d‘ ‘;& ¢ \‘5)...0.3,) @B.‘\ L_g.:.::,)-
vob‘jw

Ol e 8 szl Cedlus g (o250ilgs pyle olSiils o iduslys pole 0aSLails 3592 9 55,0 09,5

Ol e 5 e it St (S pypgle olRily ¢ Sy 00ty o Sy Sy 520 g custigen 09,5Y

Il ol (Sbpale olSails o otnles pole ouSiily ¢ gl 91 308 09,5 ¥

ol Gl eselaiarl cuadl g (stelss pole olSils o telys pole 0aStils e g5alpnatal g tanss ol 0,8 ¥

'y S VPer olo 3 ¥4 il 0 o 5
VFes o5 oA ihndy 6

. ) E Voo oo W oLl o
el 03,8 530 1y Jus £0 (VL Comorr o VW Ly &5 el (ajo 5 oigpdey )y Solom 95 o3 lotinsl MY
P S g odigply (25 ol el Lo B9 a8 55 JLo 4y Jiig B dmio 0 g5 50 (il oy ol b 5 Tpnd
s e oy S JIUSe dlhae S lsie 4l 2 398 o0 Hilen (5 CerdeS 9 0,Soc RS (38, ol slaal g
oy 5 onends (sbialy olony] acly Lt Alais dus palSCe 3 030t L U o i (51 5 b ol s g 915 ot 3T
oty it 5l 5 5 15 Can 3 ol RIS 4 i o5 g o i o S0 4 bt (gl by
90 el 2 L83 aladi ds Cjgi0 dy Sl (5955 Jloel Lol 398 oo 55 50 (28, ol (o 3 90 cnlin @95 eely ISl 392 0
915 955! dagly ol oS’ Candl (o 53 0l 9 998 g0 (5285 ol 10 4ot 13 935 (6,935l gl palS” Sucly Do (5935 Juie
ol B g g0 i 44 (6900 sy o0 8l 42 915 ol 45T (528, oy il b o Sl o3 0 B ¥ aliols o Lk Do 0
o o513 oS Tyl 40l 1 3l i DL sl o1 s s g bl
g2 4yl aalllns lyze & oy o (538, ol ozl 2 ol et (g9

8 & Joazrlos donhio 3 Sirig slel 50 9l p2inS) 8y 205 (olol 2 9l ot 02 Joao (1o EEITIETY.
sl yuite o o)) s 2 (o9 g L Sl 93 10 0S S 3808 (133 o 391 0038 JpoS dalad (225 s JUidg B i 4o (p2S T
A a5 o 55 o e L8 i Jin  Jisros o 5 el Sl S

24z TPV ayaoryo FRIVY 5l Soigun 56 0 o5 (oS8 gl ol (L 3l 59y ot p a0 Juio 8,8 Lo S il
oly ey g ly yhalS a8 VIV @y a0 FIVO 5l puilind 56 50 ol STol aygly (pioved .l (2al58l s o 5l ooliiad Loy
4 70 VYO 5l pl5 Jobo 110 (g 50,5 by alidl 4 3 2 +/AY 4 4 32 20 oIAA S 2 ey P00 Jlo 38, Lo jluls’
3,5 o (2alS PYIFA ag PYIOY 51 s 59 31 oolaziand oy yo (il 38 o 4o 9 adly 2ul581 a1 3 oobaziaad (Lo jo y2e VY FO :

ool o)

Jbazlis g Jlig 3 asio o gl haie (gl ) 2ol 4y canslr ayuz i b gil; s 52 o(5! 4ig0icST anlllas ol o IFIEERE oly sl el s gl
ey (gially aalline 4 10 gl (rrad (19,9 Cansd 41 590 3 o0 a2l 50 e 528 ) Slo il S S5 STl 4yl ¢33,
bl canslials (gle5 ] (o2l Sloly, sl crlin (il i g0 upr il Sz T il SIS 4yl ool
e =
1] ghanno oy 93

Sy il Sig,

Fay 9 35, 09,5  siiSeilys pale auslitils o selazar] Cuadls g dideslys pale olKtils ¢yl 45 1 LS
+AA (YY) VA e rdly
roshanakbaghaei@yahoo.com :4slb/,



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1
http://orcid.org/0000-0001-6953-122x
http://orcid.org/0000-0002-5855-8432
http://orcid.org/0000-0002-7977-4695
http://orcid.org/0000-0002-8661-4999
http://orcid.org/0000-0001-6572-5959
http://orcid.org/0000-0003-0559-148x

oS bl 5[] conlau p 5 ool pae ¥ 5l (So
andly 895 alaod o L il Jade j0 (gug)ly Byl
R I IRVRUCE [P DV Co PYCSURTWRN O TSy
pladl al> 0 b ¢yaa 3f et 5 axdly ol aaly al>ya 5|
resdlSo b o)y eree) b ardly suzee 3)95 2 9 o5 g
Lug gl 52 Sl g Jloel iy oo (815 oy (ot Ji8
oo 4355 (3] ol (55908 2 0538, o J’jﬁ Ao yd g
# Slogm p a5 Sl (Wl o0 25 ol 4 b &5 Ko
ol g atus ¢85 > ol az o go b SO b Lolie )l
L amio aw ;o gily Jade cromb G5 > oS el Jb> o
sl uxen Ly--vy] e &S o oolil -y i
2o S5 IA 5 558 ol e ) 2 i 53908
B ojlail 4y (2> Jlgze slo (1y91) 9 (oudey (b 50 plad
phasl SCalsSe j0 Iy Ol s olowg) Eely Wilgs oo in o
5 2 Blebail poe )l go 8 4 iy [YYYF] ags
o Sl Jabe (i (Siblosd pas oo by 9l 9 (o 2 Juaio
i8I loj 0 LS yed gptd il (a3 25 > L
ol o Jlosl 9 pldl 32 it (Finsy <S> 9 o5
cslelse «38 ol e plos 18 6815 (59 (2 el (225 L pgloe
S92 aidpdy Olilews Lawgs (g dgli oo el o5 wn

3,5 Colud wda Juaie )b a1, Lo SISS o) V]

el b gy e 2 lis 5 ol aalllas ol Bom

Sy lgiil 4 e ol ylows (gl pols alaiin Dol o

oy sl el 2 T 53l oy g 313 (SIs led LS
22 gl aslllae Glyie 4 Lo S

33 O¥9
Plj > (w2 Juado (g1 (b Sl Mo

3 313 55 Gl 5 g ke o
2 6395519l Bl ol JSS izman 0 (el (SIS o amieo
S8 had g Jate 3 05 > 0aiiS dgazme dabad anily ol
o b Sigs al> 5o ol 5l aSTal &8 52 4 (pauns]
Al 0 oz fate a5 (5)eb 4w bl uiliwl dd> e
4 ams oo allil e8> o5l gl Lade 4y o418, ol >l e
o ghadie ol 401 ol Sl ol 4yl palS Ul s 5
Jles! (>Mal (5955 puilbnl dl> 1o 0o 0 Vo b Lads 0yl
pae Ul (hate )b o oadarsd () puilSe S o3
Vel oS o el 1) lil o o o ol

S0a hade 3o S

GV e asl anlad S Jolds a0z fako b gill e

F o louis. YY 095 Fee yliuane

doddo

45 05 on gmine hake anls (o5 5l Co )Ty
Pl b (Lo yg e g 00 pgggi Sl Jlors Jado o) 5
oaiiliyy Bgpas | ool e sole 5 0039, slacdlad
@ Jd (Sgbie )l (nl )0 Bopad (pere g 0digrin
Jia 25 5 3 it 695 b o] (S5 Jole
IS5 o pals clgie a9y o Tl [VY] el andly
5 O3 5 Seenlyy 0aiS ol silens oz 5l (S e
ol bl Sl ol uu)‘].? Lol o fueiin
OO YL YL 5 auope YO Loyis o ¢ily oy, lexil
FB oy 25 ¢ lade (gilan (p 5SS i (leie 4 Jlo
Oblez olass iul38l 05 00l [F] aoles o sl 1, 4il; 40 amgs
Soborz 0l ooy esily ) Tgninl (slaailis by (Yluils
Obeys e Jare 5 b Sleys (o 4 65wt sob 4,
VOIYE sgam b gily o3 Tgziwl o)l pl 1o .l 00,5 oS
Mo3n @V goed 5l VOl G Gt )3 2o
4 Su 4 0l 5 e Job Gl @ a2 b o] e
wile ool «o))9 pole 5 (S Laalpd Sgne JLio
L8V Sgi oo S5 cuinS 2alS el gl o 5 Tgal
5 5l 55 saolonl esls sliwl, POlol Lol s b wsil;
(1 Hled oS 50 Ld j j5ed leinl (So,u8 ials
ol GralS g Blie Coans p g 8l SoiS palS 5 e
OMlae Iv-111 QAls 0,0 g Jobs Sgupn ¢ has >
baS aies 5595 (slagle,d (glie (coxrled o 5 (SlaSlone
Slesl )l G1al5 g 9l sl Pl )5 (rw (S o
(oo Shee slozes,l YN0l wjlo A3l les)leeS 5
s 65950 slagleys 932 (859 S g ol Slam
et g JUg,b amio 5 gl Slyml J S L gl slagm
K e sl b 8 Jloel 3l oalisal b ()] (655,18 <
Jiezle asans o gily isld aygly b uioren 0iS 6
B oy 45 Cewl 00l ooly ylid Ylde o s rals ||
0e2lS g gil5 0 ) Slos Sgug gl 4y dlaiiel dgugy cels ailles o
LEAYN V] 9 Jaio 35 > i

slade oy o Fculio 952 ol slogm p 4l 392 L

sl 9 9815 S gl 51 (2L (bl &y S9ntp (51 09290
@ g b len ool Bk Wl DAL sss o S,
IV] ot oty el o 51 oolizind o JSitio (5 ool lgie
cduf:oobmeljbwﬁg}maéf)}éhb‘ﬁx&]og
Yl yieS Ao 85 b aunlie (o gl slo s o 3l colasul a5
oy 5 A 2l e Ll 4y yuimen Dal e 59, 0 celos
8y oly e ples po sl » 5y9po 08 (sussly 598

Zhailio 35b &1 9315 09,1 I S 34 prusdlSio Ut g 52 it o3]S g (6 pdg ) 2By Staby



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1

¥ oylosd. YY 093 . 1+ oyl

SAliADIGH aslllae oyl 4o oolatul 8 ya0 dyaz sy Y prgead

(Y o)Lo.m).:yAD)[\‘] Mwﬁi)

8 eyt 3550 28 oy Jeloisan 205 olSilesT ) Loy S
VOF 08 50, 55LS 7R (359 Lo PV s L) 05 dbogls S5

95955 SerdS @ jla 0,57 &S b anlllas ()l 50 (o 5l
Q)S 4—"—"‘)-9 (5£Lo...’>‘ w}t& 9 ;m?h.' > l}) ,°3l.c ol );5)4
S i gl anlllae 45 75,5 5 995 Sl lre Bubo G050
oo s b gily SO yo 0y law Ol aslllas yo
SIS e b gllas gl o Tginl ¥oas o g ainds
i g (SaidlS Do s o [VO] casls T oY
3l 4 ligebl fols caws 5l g Hlac ans (Jads 5,0 4
JESs,8 sled yo eoliwsl Cndg jo Mo (53l (31 5 500l 09
il ad (o 35 5 ke (5L FabS <
oMJMl)boo)oulsa)Lo.guSu)Jquﬁwaw
Oleyd abls (59095 Jade (augas (> WalS Lo 09

3. Kellgren/Lawrence (KL)

s 9 aio dy Jato Jlay 3595 9 Jims sogieagll slo )y
Qo> Jrabo ol Juate Jlsd (coguivegd] b 0 soiaas
N8 Sl Jiolia § V= VO pgaiccagl catSL g plgobs lga 5|
Ceoglio 308 (gl)ls ( S ogdle b el 0uls izl LVM
(\ O)Lo.w).tj.»aa) Sl r:)f Y& &)..aﬁ.a‘slsu)j ..\.wl.;)...syl.s
wlo jlom pll 5 6B b Gus e Gl 5 0y slods

it S ST 3 iz 5l e ol (gl s ol

Ao 4 Coomd a6l wa pedlSe b (pnn p Jato
ew! )

alaasee 15 ol o (RIS Lo Lade pundlS )

el S5 > ]y S alo o Sol 5 53l 28 > 01>
O ya8asled go o uiliwl al> o Laulgl b (g )48 Tol Bl il
039 b eeliin csole (523 ol (b 0 5il) (6 STl 4yl DL

OO0 o S8 2 b Gy Jate &8 > Geda sl Y

5 9y o o3 a0 Lol (sl (555 o Olged
woyarme iy edhabo s Jiunsankd o055 b olrale
o Jate (gmp b )3 (2985 S8 el b o an
aickee VOB V- Jolao gil; Jizil o8 1 by ool o Ulss
0,5 g 1) oy b ol3T g Bl 5 (rly 9 Vb Cans &

PBL as asle b dw oS 5 5l G g sds fate X

Js> (25 2 5 o sl b il Jad nilSa (g5l 4
S 2Ulg e ol 4ol Jade 318 (sogee je5e
oy Jrate gl gl DS > b ot (S5 > azmio a0

1. Gliding mechanism
2. Screw home mechanism

9l Qo Jaio ¥ yrgad

Zailio 35b 41 9315 09,1 I S 340 a0 Ut yun ot ot o3]S g (6 prdg 2By Stal



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1

Wil

Faro b oy sl oolaiwl L5 mls ¥ g ) ojled Jglas
Wgly (3l ookl a0 lis 1) gl was
Oy ol Sy g L 1alST JUSg 8 azio 55 gl (5593510l
s 5 515 35 sl al 38 ol 1 osble 8 oy el
(Y oY o leds Jglaz) s onalice s 5l eolazwl b o8

ES )

Jolie (35 > Gllai pae g gil) (b S > 4 a9 b
Pl 9y (i S pae JSiie gl Jaio L 09290 (o 2
SlS > Bio g calio abas sl gz LYV YAl il - las
Sy n &3] (it S &1 yguzme Jla cplil (59, (i 48LS
J o ol g aS oo ol 03 b p oo 5l i JLaS &S
sy Lad 5 il b 1 5l (>dhol b Jloel a5 el
ISen Seel8 anlllas ;5 (Y] 55 so el oyl JL2S
L ogly &5, aals a5 ol snnlice ) Sen 5 g g
Vel alige ol gyl JLad b Jluzlo axio 53
Gk 5l el oMol b Jleel 5 3l sla b o [T
o 8 Sysb el ond 35 e o JB b ez Jaie
Jlesl b 5315 sty pois d¥Y] o 5o 5 Ll ol (6 Yoot
Glthae (e bwgi (mpr Jado p lats JB 5 2B (9
Vb S sy lem Joo 5 9l (gl Bl e b
el Jig p amive 3 ey (I il S 5 (25
9 F9o¥ Tl a8 snasalols fade o pised ol ool
Szl slml Gloy 0 &8> e 50 oy Jade (e
S5 3 VYT 39 0 4210 s 2 o JBL g5 10 sy
Ses 5 Suggiabind 5 oz lz b i9eS i S S50
Seilagiy ool 5l soliiul b Led alaii av o0l g5 [YF]
i 58,5 Jld 9 L (33,5 0l L oS ad s lo b L
o8l (Pl (595 iz gloanaS (33,5 ol s Slegy
Slogiy Jo g i b G p o b aiS oo Jlasl ol
amio 13 (,85Tol sk ol [Y0] o Ken g jeusl e
20 03 (Siloghy oaiiSEal (59500 el b ¢ JLg 9
255 0 D30 o g o L

Mol b Jlosl 5ol sy Lo b b ol ann 4
W5 oy 9,0 3l 6 S ol g soudaml plail  cacliao
oygpr il gly pup b oS P oo ]y G p o Sles
Las plogm 5o Logas il col Jlo (sl 03,
Wload 4zl L L Lo gy £l (555 (mals 52 3 505
D90 onaline 39,8 Logas p 3 il p s oS

L1y ol (so9)ly sbowl, 23l Ulgs So (Sl Juaie

12. Distraction—rotation knee brace

F o louis. YY 095 Fee yliuane

Sy e il 9l Gl (Sle o) abox 3l (soxles
o 59815 S gl w5l A (Sla pae 4 59 S
A 550 g 5l g ol S8 00w ok Canles 5 K00
5955 5] eSS 358 asile lacadle &l 188 gl cmac (6 Lo
S il o (s, IS5y Jolin b o Je
b o a5, Tgiial) 09 e S lgisa 1y 5951 51 ool
Mo plail (gl Jaid Sogail (i (hedsy Sz oS

.QJS oolazwl o

o9y 0l y Sl gy 505

Syge o Osd 9 b Sl g0 0 eanSES L (28, ol
ambo oSiws bl y2 ardl 8,55 abiod 5853 L)
e 3, oy S5 L il 08 08 £, esls Eu g,
b sl w\au_n Ao 93 (59, slio Sopls wes
5 i b ok 5 5 (sl Jold Solazio slo il
SRl ploj oy ol 23 oy (Sloj (ld 5 Sl
9Mai8s 10 a8 slaas e plasl o5 Jobo & uiliw 58 0oy
ol 4yl eloeigay 3265 (sloelSiws 1L 90 (olins] e
055, oy Syl 5 Jlays sl 08 35 g Vo,
bl al> 5o sleitl g ol 95" et sl 9500 4o
ol o280y aud iy Judocigds jox olKiws o oolazl
O9obe (y90 7 1yl (4600xford Metrics, UK) Sl
oSt 5 35,0 Ve e Wl L T p Al S g 8l 5 L e 3
B9 Sy s 53 ATAZ A Jao S (6950 amio
ez | oolaiul b cjo,8 ygole yoi 0diiS uSaie S e VO
a8 ools 118 placde (o) b e (Lo plail (59 «ad g
oy e b oliglojl o ool (6 5laen sl o [¥51
oBClus (59, iz s g b Lmalyd 99 50 0 093 ol
s slatmed G (ee) O odBAesl (595 Ambo
ol ek bulys “5 <)ol (Foe (38, ol Jeloigay x5
2 omp s oS St U slml ) 6T sl b
P SRS Glie 05 <S5 w55 Gl (538, ¢,
o yusio bl sl (58 o) Judoigan o olSiws 59, S
Sz Sl 00l 03,51 ) ojleds Jgaz 0 4T A eduziw
aslllas )3 (o) 2 990 Slo el (89,5 (9> Dl (o) 2
b oslil (g5 5 0903l 3l pol

4. Velocity

5. Cadence

6. Stance phase %

7. Stride length
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