18/09/23

Biomecanica dos
Complexos Articulares do
MEMBRO INFERIOR

Isabel Sacco - FMUSP

Biomecanica do
Complexo Articular
do Joelho

Isabel Sacco




18/09/23

Questoes Cap.

+ Defina angulor @

+ Quais sao os musculos/darpatarde
ganso?

+ Qual ligamento tem a mesma fitnGao!
do. LCA e qual tem a mesma ilhcao
do-LL.CP?

+ Quais estruturas aumentamia
congruéncia articular femorotibial?

COMPLEXO' ARTICULLAR d 0 JOELH©

Atividades)Vida Diafia
Atividade Fisica
Atividades Esportivas

Reabilitagao
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ComplexorArticulardoerjoelho

+ Eemorotibial

+ Patelofemural

ibioFemoral PateloFemoral

©OMMG 2001
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Aspectos gerais Joelho

+ Video OA

ComplexorArticulardo
Joelho
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Art Tibiofemoral

émur distal + Tibia proximal  Articulagdo condilar 2 graus de liberdade

#VArtrocinemdtica: rolamento e deslizamento. aumento
da ADM e diminuicao do risco de luxagao

Articulacaoe’ Eemorotibial

+ 2 Graus delliverdade

Plano;Sagitals Eixe)laierelaieral

PlanoiTiransyerser Eixelongitudinal




Flexao e Extensao Avticulacaoi-emorotibial

Flexdo = 120° (quadril extendido) W arcur
130/140° (quadril fletido ‘1‘ Al
1600 (passiva) Cotmera

Extensédo= -5/-10° Fibula

Tibia
Knee in Extension Knee in Flexion

Flexion and extension in the sagittal plan

ROtagﬁes Articiacaolemorotibial

Rotacaoe Medial 808 Rotacaoliateral a2

+ Joelho parcialmente flexionado

18/09/23
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Artrocinematica da flexaoere extensae

Articulacdo Femorotibial

Flexao CCA Flex_ext_patela

Articulacaor Patelofemural

+ Articulagdo menos
congruente do corpo

+ Alto indice de disfungdes

EX: Sindrame\Fémoro Patelar

25-30% da populagao

+ Graus de liberdade

Patelatrack_Jflex
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Art Patelofemoral

+ Ligamento patelar fixado entre o apice da patela e a tuberosidade tibial;

Posterior

- ez ~"/<surfacc
Anterior / e Medial // :

surface

[ ‘
¥

Anterior view Posterior view

PATELA

RUNGOES [ PORTANT =S
* Proteger o joelho de traumas diretos
+ Reduzir a fricgdo entre o tenddo do quadriceps femoral e os condilos do fémur

+ Proporcionar uma vantagem mecanica a este musculo, aumentando em 50 %  a forca de
extenséo do joelho.(aumenta o brago potente)

C. Knee flexed 20°
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Articulacae
Patelofemoral

Face patelar condilos convexa

Face femoral patela concava e
tamanho dos con

Face lateral da patela € maior
Maior encaixe com condilo lateral

PATELA

Aumenta a distancia do tenddo do quadriceps em relacdo ao eixo da

articulagéo do joelho, aumentando em 50 % o torque extensor

Patellar
ligament

Patella

Weight
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Artrocinematica Patelofemoral

+ Extenséo total - superficie intercondilar
coxim
Em 20° de flexdo o contato ocorre no
polo inferior

Entre 60° —90° ocorre o maior contato
entre patela e fémur (= 30% da superficie

articular da . patela) diminuicdo da
compressao P=FI/A

A partirde 90° flexdo a regido de contato
da patela migra inferiormente

Em135° flexdo : contato da faceta lateral

e oculta

Art PateloFemoral
—réinemgt ca

Em 135° flexdo a porgéo lateral da faceta lateral da patela estd em contato

com o fémur proximo ao pdlo superior, a patela repousa na troclea.

+ Em 90° flex&o a regido de contato da patela migra inferiormente

A. Knee flexed 135 B. Knee flexed 90°
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Cadeia Cinetica Aberta (CEA)

+ Brago da resisténcia aumenta da flexao para a extensao
+ (0 a 200 (n&o ha contato)

‘Tibial-on-Femoral Extension (A-C)

A0 of flexion B. 45 of flexion C.0° (full extension)

21

Cadeia Cinetica Fechada ek

+ Brago resistente aumenta com a flexao
+Quanto maior a flexdo maior as for¢as compressivas na F-P

11



Forcas de Compressaora Patelofemural

= Angulo de Flexdo

= Ativagao do Quadriceps femoral

A. Partial squat 3,3 PC = Subir escadas
: 7,8 PC = Agachamento

Estabilizadores darPatela

LATERAL DIRECTED FORCES

lliotibial band

“Bowstringing” force
on the patella

Lateral patelar retnacular ivrs L7

ores longitudinais nao lineares: Para ol
a patela tende a ser tracionada?

24
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Estabilidade XtElexibilidade

IncongruencialOssea

4

Estabilidade
(mm,liga/tos,capsula;meniscos)

4

Grande incidéncia de disfuncoes

Condiles

Femorais

(Konylos: = Ssallerncia), Face Patelar

Fossa Intercondilar-

- CondilotMedial
- Maior:
- Maior angulagao
(30°)

Condilo Lateral

- Condilo L3teral
- Menor
- Menor angulagao

Obs: Epicondilos

18/09/23
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Platoslibiais

ralamantn a da

rolamento e deslizam

B ¢ o sntes g os

Como aumentar a
congruéncia articular?

MENISCOS

14
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Estabilizaderess s Estabilizadores
PasSIVeSs AtIVeS

+ Neniscos “Vuscules
+ Lligamentoes
+ Capsula articular

Meniscos

+ Placas semillinaresidefiprocarilagen
+ Repousam naiface anticllardosiplatostibials
+ Cobrem 7 daisuperticieranticular

Poste

15



Meniscos — Funcoes

Diminui o stress compressivo na

articulagao femorotibial

diminui presséo (F / A) na cartilagem
Suporta cerca de 40% da carga total
imposta aos joelhos.

+ Aprofundar a face de
contato femorotibial

+ Estabilizagéo

+ Orienta artrocinematica

ENISCOS - CITROEN

S&o discos articulares cartilaginosos assimétricos

+ Menisco medial — semicirculo

* Menisco lateral - quase um anel

Anterior cry

uciate ligament

Lateral meniscus

18/09/23
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Menisco Lateral

Fixado ao LCP, Popliteo (via capsula) e aos ligamentos
Menisco-femoral posteriores

Conexdes consideradas frouxas permitindo ao Menisco
Lateral certa mobilidade

O tendao do musculo popliteo passaentre 0 LCL e a

borda externa do Menisco Lateral.

Menisco Lateral

LCP, Popliteo (poucas fixagdes)

Compartimento lateral (condilo lateral menor,platé tibial lateral mais

CONVEX0 — Menos congruéncia )

Mobilidade ?

17
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Menisco Medial

* Fixado ao LCM, LCA e capsula adjacente

+ Menos mével que o Menisco Lateral

* Muito mais lesado que o Menisco Lateral.

Menisco Medial

Fixado ao LCM, LCA e capsula, quadriceps,semimembranoso
Compartimento medial : maior congruéncia dssea
Menos movel que o Menisco Lateral

Muito mais lesado que o Menisco Lateral

(cut)

18
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Contact forces over time Main outcomes
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FIGURE 1. Data were collected and processed using musculoskeletal modeling to calculate cartilage loading. Contact forces were calculated, and the average and peak contact
forces and shear forces were determined. The maximum contact pressure distribution was recalculated to the force distribution and was analyzed by determining the average
maximum force in each zone. Abbreviation: BW, body weight.

n Rossom et al, 2018 JOSPT
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STUDIED EXERCISES

Five repetitions of the following exercises were measured. For each exercise, the load-bearing phase was analyzed.

+  Gait: walking at self-selected speed across the motion lab (8 m). A trial was successful when each foot strike was on a separate force plate. Only
the stance phase was analyzed, and was defined as the period during which the vertical component of the ground reaction force exceeded 20 N.
Stair ascent: ascend a standard 4-step staircase (step height, 0.16 m; tread length, 0.31 m) at self-selected speed. Only the stance phase was ana-
lyzed, and was defined as the period during which the vertical component of the ground reaction force exceeded 20 N.

Stair descent: descend a standard 4-step staircase (step height, 0.16 m; tread length, 0.31 m) at self-selected speed. Only the stance phase was
analyzed, and was defined as the period during which the vertical component of the ground reaction force exceeded 20 N.

Stand-up: rise from a chair, without using the arms, to full standing position. A backless and armless chair was used, and chair height was stan-
dardized to the height of the lateral femoral knee marker. Both feet and the chair were placed on a different force plate. Stand-up was analyzed from
the instantaneous minimum in the vertical ground reaction force under the feet until the vertical ground reaction force started to fluctuate around
body weight. Starting from the instant of maximum peak vertical ground reaction force above body weight, thereafter, the ground reaction force
decreases below body weight until it again increases. The subsequent maximum was defined as the end of stand-up.

Sit-down: sit on a chair from full standing, without using the arms. Sit-down was analyzed from the first 1.5% decrease in ground reaction force un-
der the feet until the instantaneous minimum ground reaction force after maximum ground reaction force.

Squat: squat down from upright standing to 90° of self-perceived knee flexion and rise. Participants started in upright standing, with arms fixed at
the waist and both feet on a separate force plate. The squat was analyzed from the first 1.5% decrease in vertical ground reaction force until stabi-
lizing in a zone around 1.5% of the ground reaction force.

Forward lunge: from upright standing with arms in the scapular plane, step forward onto a separate force plate, lower the body until the trailing knee
touches the ground, and return to starting position. Step length was standardized to 80% of the leg length. Forward lunge was analyzed when the
stepping leg had contact with the force plate, determined as the period when the vertical ground reaction force exceeded 20 N.

Sideward lunge: from upright standing with arms in the scapular plane, step sideward onto a separate force plate, lower the body until approximate-
ly 90° of knee flexion in the stepping leg, and return to starting position. Step length was standardized to 80% of the leg length. Sideward lunge was
analyzed when the stepping leg had contact with the force plate, determined as the period when the vertical ground reaction force exceeded 20 N.
Single-leg hop: perform a single-leg hop with the arms fixed at the waist. Single-leg hop was analyzed during 2 phases (ie, the push-off phase and
weight-acceptance phase). Push-off ranged from the minimal vertical position of the sacrum marker to release of the force plate, determined as the
vertical ground reaction force below 20 N. Weight acceptance ranged from ground contact (vertical ground reaction force exceeding 20 N) to the
minimum vertical position of the sacrum marker.

Van Rossom et al, 20
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Van Rossom et al, 2018 JOSPT
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'S | [Gait—>SitD —>AscSt >
g StUp—» SLHwa— Sq—+
5 | |Flunge—> DesSt—> SLunge
S | | SLHpo
©
o
FLunge = SitD — DesSt > SitD—>SLunge —StUp—>
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| |57 SLHwa—>Stunge = AscSt — Gait—>SLHwa
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JI_)
=
i—g Gait = SLHwa = AscSt & y Gait — SitD - StUp =
DesSt —+SitD — StUp -+ Posterior AscSt — DesSt = SLHwa—
FLunge— SLHpo— Sq—> Lateral Medial Sq— SLunge = SLHpo —
SLunge FlLunge
FIGURE 8. Graded exercise sequences, dependent on compartment involvement based on local loading (ie,
average maximum zonal femoral force). Abbreviations: AscSt, ascending stairs; DesSt, descending stairs; FLunge,
forward lunge; SitD, sit-down; SLHpo, single-leg hop push-off; SLHwa, single-leg hop weight acceptance; SLunge,
sideward lunge; Sq, squat; StUp, stand-up.
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FIGURE 2. The magnitude of the maximum and average total tibiofemoral (A), medial tibiofemoral (B), lateral tibiofemoral (C), and patellofemoral (D) contact forces during
he 9 exercises. Values are means and standard deviations. *Significant difference in maximum contact force. Significant difference in average contact force compared to gait
(Borferroni-corrected a=.0056). g ooy ascending stairs; BW, body weight; DesSt, descending stirs;FLunge, forward lunge; St sit-down; SLHpo, single-leg
hop push-off; SLHwa, single-leghc, .~~~ ~_""__, SLunge, sideward lunge; Sq, squat; StUp, stand-up.
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Ligamentos

Ligamentos Crizados
+ Ligamento Cruzado Anterior(LCA)
+ Ligamento Cruzado Posterior (LCL)
Ligamentos Colaterais
+ Ligamento Colateral Medial (LCM)

+ Ligamento Colateral Lateral (LCL)

Ligamentos

TensaoLCA LCP_LCM

21



igamentos Cruzados

Intra-capsulares e extra sinovial

v/ Suprimento sanguineo proveniente de pequenos vasos

da membrana sinovial e tecidos moles adjacentes;

Sao nomeados de acordo com suas fixagdes na tibia!!!

43

igamentos Cruzados

Gera maior resisténcia as forgas de cisalhamento AP entre Fe T;

Atuando juntos resistem a todos os movimentos extremos do J;

Nao se recuperam sozinhos, logo uma cirurgia se faz necessario;

Front of knee with ligaments

Lesao gera instabilidade importante J;

Séo grossos e fortes

18/09/23
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Ligamento Cruzado Antenor(LLECA)

+ LCA gera 85% de resisténcia total passiva a translacéo anterior da tibia.
+ Auxilia a estabilizar a extensao do joelho
+ Resiste a Rotagdo medial

Patella

Posterior cruciate . | *
ligament

Anterior cruciate—
ligament |

Meniscal 71
ligament

Ligamento) CruzadoerAntenor—iEA

Insercéo
Face postero-medial
epicondilo lateral

23
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Lesdo Classica

CCF em flexao
“stress” em valgo

+ rotacgdo lateral fémur

Ligamento CruzadoerPosterior (LEP)

+ 95% de resisténcia total passiva

durante a translacao posterior da tibia.

+ Resiste Rotagao medial

Patella

Posterior cruciate
ligament

Anterior cruciate
ligament |

Meniscal
ligament

25
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Insercéo
Face antero-superior
epicondilo medial

LCP

Limita a quantidade de translagdo anterior do fémur sobre uma

tibia fixa como, por exemplo, em atividades como agachamento
ou aterrissagem de um salto com o J parcialmente flexionado.

26



18/09/23

Mecanismos de LLesaoe = LGP

+ Cair em cima do joelho flexionado;

+ Trauma pré - tibial (painel do carro);

Posterior

Ligamentos Colaterais

* Ligamento Colateral Medial (LCM)
+ Ligamento Colateral lateral (LCL)
Principal funcéo é a de limitar movimentos excessivos no plano frontal;

Resistem a extremas rotagdes medial e lateral quando o J esta em

flexao;

Estéo tensos na extensao total do joelho, logo resistem a

hiperextensao.

27



Ligamento; colateraliviedial

Resiste:
+ Ao estresse em valgo ou stress em abdugao(tibia)

+ Auxilia a limitar o deslocamento anterior da tibia(LCA ausente).

Patella Femur
(kneecap) (thighbone)

Medial
collateral
ligament

Lateral

meniscus Mol

meniscus

Fibula Tibla

Tibia

©1998 Nucleus Communications, Inc. - Atlanta
' nucle using com

Medial (inside) view
of right knee

55

Ligamento Colateralfltateral

Resiste:
+ Ao stress em varo ou adugao (tibia)

+ Auxilia a limitar o deslocamento posterior da tibia

Femur \
(thighbone) . ; ouairicp

Lateral
collateral

ligament
I"ibld_ar collateral
oot
Tibia \ |Tendon of Popliteus.

Lateral meniscus-

Fibula
tside) view

18/09/23
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Ligamentos: ColateraisiXtRotacoes

Ligamentos colaterais

Rotagéo lateral Rotagao medial

TensaolCA_LCP_LCM

Mecanismo de liravamentorourParaiiiso

A. Tibial-on-femoral extensior

ExtensaoerAtiva:

+ Atibia rola e'desliza anteriormente nos
condilos

29
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Mecanismo de liravamentorourParatiiso

+ A tibia faz rotagao lateral sobre o fémur fixo nos

ultimos 30°  da extensao
+ Acontece tanto em CCA quanto CCF
+ Rotagao automatica, ndo voluntaria.

+ Rotagao que leva a uma posicao de estabilidade

Viecanismo: de liravamento ourParaiise

Ocorre devido:

1) Forma do cdndilos femorais / b 1 Srapef et

femoral condyle

platds tibiais (assimetria do
rolamento)
Tenséo no LCA (orientacéo

fibras)

Tracionamento lateral do

quadriceps

30



FlexaorAtiva

+ Parainiciar a flexdo o Joelho tem que ser destravado

+ Esta agdo é executada pelo popliteo que:
- roda lateral o fémur na flexdo fémur - tibia (CCF) ou...

- roda medial a tibia na flexdo tibia — fémur(CCA)

Portanto, a direcéo das fibras do popliteo €...

Flexao Ativa

18/09/23
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Alinhamento Normal do Joelho
- Plano Frontal

ALGO FISIOLOGICO
+ Fémur proximal apresenta 125° de inclinagéo
Devido ao eixo anatémico do fémur — obliquo

Dirigido inferior e medialmente de proximal para
distal

Superficie articular da tibia é horizontal

Formacéo de angulo medial a articulagéo de 170°
a175°.

63

Desvios de Alinhamento

=
Plano Frontal

+ Genu Valgum (knock knee) < 170°

+ Genu Vara (bow-leg) > 175"

Plano Sagital

+ Genu Recurvatum (hiperextenséo)

18/09/23
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enu varo

* leve - aumenta a compressdo sobre 0 menisco medial em 25%

* 5 ° de varo - aumenta as forcas em 50%.

33
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Quem tem VALGO nao
cavalga

Aumento de forga compressiva no condilo lateral

Aumenta o estresse de estiramento sobre as estruturas mediais

34
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Recurvatum

Quanto > o recurvatum + distensao > recurvatum

Menos uso do quadriceps em pé

Resistem:

+ Ligamentos, colaterais

f : + Musculos flexores do joelho
+ Capsulaposterior !

4 LCA
+ LCP

Musculos extensores o . :

Extensores:

Quadriceps femoral (QUA):

1. Reto femoral — produz 20% do torque
2. Vasto lateral

3. Vasto intermédio

4. Vasto medial — produzem 80% do torque extensor

Se unem em tenddo comum - tendao do quadriceps - Lig. Patelar

35
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RetorEemornal

Extensor J / flexor Q
Eficacia depende da posi¢do do Quadril

Distancia entre as fixagoes

quadril (ndo fletido)+ Joelho 45° (quadriceps = Poténcia Max)

MUSCULOS FLEXORES MUSCULOS ROTADORES
Semimembranoso Semimembranoso (RM)
Semitendinoso Semitendinoso (RM)
Biceps femoral Biceps femoral (RL)
Sartério (Qe J) Sartério (RM)

Gracil (Qe J) Gréacil (RM)

Popliteo Popliteo (RL do F em CCF,
Gastrocnémios. RMda T em CCA)

36
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Isquiotibiais

+ Extensores do Quadril

+ Flexores do Joelho

+ Extensores dotornozelo

+ Flexores joelho
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