N

N

Development and evaluation of a knee brace for joint
stress modulation -A literature review

Léa Boillereaux, Simon Le Floc’h, Abderrahmane Kheddar, Franck Jourdan

» To cite this version:

Léa Boillereaux, Simon Le Floc’h, Abderrahmane Kheddar, Franck Jourdan. Development and evalu-
ation of a knee brace for joint stress modulation -A literature review. GDR Mecabio Santé, Nov 2022,
Paris, France. hal-04054171

HAL Id: hal-04054171
https://hal.science/hal-04054171
Submitted on 31 Mar 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License


https://hal.science/hal-04054171
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

v L NS A e

P

.....
Bt

o e
e

| R o

o 0" s P ., SR ‘o L'y * L'e ° ° : SRS W )
7 "" a A f \ 3 > » % - R % 3 J/r'" r .o‘ e 2 .. 2 ¥y 2 o . ° j . .' ) ®e '.. e 2 NN “\'~ A N < //J\
B, e s AN A B . < ® VO ° o0 3o ° gy o, T L o [T \-\ \ W \ \ 5 L _— - } ‘
Y - N\ 5 & v e P . ° 3 °? o s .o .’," 3 - \ by \ O\ 5 A — — oL
s R o ol - - ADPH A - =LE, L) R 0%° © AR S de oo ° oo o ooty A & \ W ; s 2 4-]"'
3 MEOE Pl s 4 Ny ° e d S : e Y e o e £ LY '.5' ® SN B // NN, ] B JJ‘S o ‘
- G, ¥ w < B a - K o > ° d . °°° A ., e’ s, % . '. . o " “ VAN { & N I [
Vo 3 > B - o : X Py, O o oo o STMAL oyt ok F/ ANNN R 3 74 7 4 .
gy 2 9 Y COIR o,8. .0 e o g o *° o e B, 2ol % . ° e ° b/ 2O = § 7 art
@ “ -, e 0 ; ~ 8 o < i Vi AENS % e s é :' ° ° > ® 7 . 2 e P =~ > /
- RO >% o e O PR ° ° ° S ° " e, > 3 i b7 N
/_J.-',‘. ,}v':.’ & ~ N « @ “,/,:‘.. g ..’ RS o H X .. & : . ‘. ® %e0 00 ,-:4{'1 e . Y "7:'{:;:3» ’:_‘.— b N ‘// S5 AL -
. pA a® g . b . o - . o - % % 8 o =77 4 v » . ; g S N i > - . - : -
o AN CA N 7./ \\\W
- ’ /, » - wh ~ . - LA M v K o . - ::C-\ = - By = /- -
L3 N > . 7 = J - _
S &> f. s ‘\J % .4 ‘. - e & - -' -. - - N 5 ) s = —— ~swia — "
] % TN e . o MRS . ‘ediagt ® -y fimet - : \- e e W) sy, .
¥ Tt L A AN gt BN WL o e bden N i i AR =
® > . E "t.'.' :' %% . .“ :.‘\.» .\" ';‘u‘.\ ‘,.:. _"‘:" .' 5 ;,'."' y < ‘\F.‘: M i & - 5 ‘ R\ \ % Z S , (73 - .-‘—?:';” - * ) l‘h",.
SRR, ¢ B ss 8 o s SRR A Vo 5% v e . e 0 by . . v v | L
TG e B e W St i - T 7 ) |
[ ] [ ] [ ]

In order to relieve the patients suffering osteoarthritis or other cartilage diseases and to facilitate the rehabilitation after an

operation, it is necessary to unload the knee during daily living activities.
Doctors usually prescribe the wearing of an unloading orthosis. But are they really efficient ? What are their impact on the

tibiofemoral contact forces ? y
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Evaluation criteria for braces in the literature : However, several researchers have demonstrated a
correlation between contact stress and muscle activity.

Symptoms Measures outcomes Evaluation methods and instruments

Clinical symptoms Knee pain, joint stiffness and function, quality of life, physi- VAS, WOMAC, QoL, KOOS-QoL, IPAQ, UCLA Scale,

cal activity IKDC
E - " " * " " - S -~ . H . e I | . . IT -
Functional effects Knee pI'DPI'lDCEpT_ID[L Slﬂblllt}": pDSl’UI'E control KDDS KSS, IPAQ‘ VAS, LﬂqUﬂSHE lﬂdt‘:]’i, Sﬂtﬂ[}" and _\Induvndua! ?'dductor muscle contnb'utlon to medial TFJ corftact Ioadlnrg‘ o Individua labductor muscle contnl?utlon to lateral TFJ co?tact Ioadlnlg
observance

Morphological eftect ~ JSW, JSN, tibio-femoral Angle, hip—knee—-ankle angle, con- Weight-bearing lower limb radiographs, ultrasound,
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dylar separation, angle condylar separation distance fluoroscopy, gait analysis, loaded MRI, morphological §
MRI, WORMS, BLOCKS grading 3
Gait effects Frontal plane kinematics, sagittal plane kinematics, lower 3D motion analysis, dynamic simulations, gait analysis D

limb malalignment, knee adduction flexion angles, knee
forces and moments
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Weight Acceptance Midstance Push Off Weight Acceptance Midstance Push Off
Individual abductor muscle contribution to medial TFJ contact loading Individual adductor muscle contribution to lateral TFJ contact loading

45 ¢ T T T T T 45 T T - T g

Muscle strength Muscle co-contraction, medial/lateral, flexors/extensors co-  Electromyograms (EMG), muscle MRI
contraction ratios

Fig 1 : Quantitative and qualitative orthosis evaluation methods (1)

WOMAC : Western Ontario McCaster Arthritis index

KOQOS : Knee | nj ury an d Osteoarthritis Outcome Score — Rectus Fermoris (RF) . ——Bioeps Femoris Long Head (BFLH) - el Gastrocnemii ()
, ** iy e e il o " ameor Fascia Latae (TFL)
KSS: Knee society score S —— VaSte Iemmecue )~ Semtendnosus (51
IPAQ: International Physical Activity Questionnaire Fig 2 : Muscle’s contribution on the tibiofemoral contact force during

the stance phase of the gait cycle (2)

The contact force is not measurable in vivo. Therefore, its
reduction by an orthosis cannot be directly evaluated.

Possibility to estimate the contact stress : underfeet
force sensors + Electromyography + Numerical model

Decreasing the contact force by recreating the flexion-

: : : : (inverse dynamics, musculoskeletic model)
extension torque via the orthosis, a promising solution ? Y '
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Fig 4 : Unloading brace during stance phase of the gait cycle and
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evaluation of the device with different stiffnesses (K in N/m) (4) n
Take into account the size of the device and the CT e T T Gaow
pressure applied on skin during the conception. Fig 3 : Evaluation of muscular and ligament forces with

different orthosis (3)
4 )

Our objective : Designing a brace decreasing the muscular forces during squat movement with two secondary objectives :
(i) Consideration of the shear stresses on skin and the sliding of the muscles on the bones
(ii) Validation of the orthosis with the most quantitative tools possible to show the tibiofemoral contact stress reduction
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