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RESUMO

Andlise comparativa das alterag6es nos fluxos de tensdo do
joelho nas préteses totais e unicompartimentais cimentadas. Es-
tudo experimental em dez cadaveres humanos.

Os autores comparam as alteracdes nos fluxos de tensédo
do fémur distal e da tibia proximal provocadas pelas proteses
total e unicompartimental cimentadas do joelho, por meio de
extensometria elétrica em 10 cadaveres humanos. Utilizam um
dispositivo mecanico para adaptagdo das pecas anatdmicas a
maquina de ensaios mecanicos Kratos 5002. Concluem: 1) A
protese total do joelho mantém o padrdo de distribuicdo das
cargas no terco distal do fémur; 2) A protese unicompartimental
aumenta as tensdes de compresséo na cortical medial e as ten-
sBes de tragcéo na cortical lateral do terco distal do fémur; 3) Os
componentes tibiais (parcial medial e total) aumentam, da mes-
ma forma, as tensGes de compressao na cortical péstero-medi-
al da tibia.

Descritores: Artroplastia do Joelho; Prétese do joelho; Fémur.

INTRODUCAO

A func@o do joelho pode ser gravemente afetada por pro-
cessos inflamatérios ou degenerativos. O nimero de pacientes
gue procuram tratamento médico devido ao comprometimento
da capacidade funcional dos joelhos, particularmente com ar-
trose, tem crescido significativamente, tanto pelo aumento da
longevidade da populacdo, quanto pelo aumento da atividade
dos individuos nesta faixa etaria mais avancgada.
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SUMMARY

Load transfer changes on cemented total and unicompart-
mental knee prosthesis. Experimental study on ten human cada-
vers.

The authors compare the load transfer changes on the distal
femur and proximal tibia due to cemented total and unicompart-
mental knee prosthesis under compressive load-bearing on ten
human cadavers employing strain gauges and a Kratos 5002
stress-testing system. The conclusions were: 1) The Total knee
prosthesis does not alter the load transfer on the distal femur; 2)
The unicompartmental knee prosthesis increases the compres-
sion load on the femoral medial cortex and increases the strain
tension loads on the femoral lateral cortex; 3) The tibial compo-
nents (partial medial and total) increase the compression strain
tension on the postero-medial cortex of the tibia.

Key words: Arthroplasty; Replacement; knee; knee Prosthesis;
femur.

INTRODUCTION

Inflammatory or degenerative processes can severely affect
the knee function. The number of patients seeking medical care
due to functional impairment of the knee ability, particularly those
with arthrosis, has increased significantly, both due to the increa-
se of longevity of the population and the increase of the activities
of individuals in this older age group.

Arthroplasties have been an important weapon in the reco-
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As artroplastias tém sido uma arma importante na recupera-
¢do da funcgéo dos joelhos desses pacientes quando existe in-
dicagdo de tratamento cirargico. Elas podem ser divididas, de
acordo com 0s componentes articulares a serem substituidos,
em dois tipos: a artroplastia total, em que séo substituidos to-
dos os trés compartimentos articulares (femorotibial medial, fe-
morotibial lateral e o femoropatelar) e a artroplastia unicompar-
timental em que apenas um dos compartimentos, seja o femo-
rotibial medial ou lateral é substituido.

Avida util das artroplastias do joelho tem aumentado ao lon-
go do tempo devido a melhora dos instrumentais cirdrgicos, ao
aprimoramento da técnica cirurgica e, principalmente, ao au-
mento do conhecimento da biomecénica do joelho, contribuin-
do para a evolucdo dos desenhos dos componentes protéti-
cos.

Porém, fatores biolégicos e mecanicos ainda comprome-
tem a vida Util das artroplastias. Dentre os fatores biolégicos
estdo a infeccdo, reacdo de corpo estranho aos componentes
do implante, e 0 comprometimento das suas estruturas de sus-
tentagdo, sejam as estruturas capsuloligamentares ou a propria
estrutura 6ssea. Quanto aos fatores mecanicos podemos citar
0S micromovimentos que ocorrem na interface entre 0 0sso e o
material protético e as alteracdes das tensGes no fémur e na
tibia devido a instalagdo das proteses.

As alteragBes das tensfes de uma estrutura podem ser ava-
liadas através das microdeformacdes superficiais observadas
guando esta estrutura é submetida a uma determinada carga
ou forca externa, em regime elastico.

O objetivo deste trabalho é comparar as alteragdes nos flu-
xos de tensdo do joelho, provocadas pelas préteses totais e
unicompartimentais, quando submetido a carga axial, avalian-
do-se as microdeformacdes superficiais no terco distal do fé-
mur e no ter¢o proximal da tibia.

CASUISTICA E METODO

Dez pares de joelhos humanos foram retirados de cadave-
res adultos, do sexo masculino, com idade variando de 25 a 83
anos e média de idade de 52,2anos. Avaliou-se a possibilidade
de alteracdes prévias nas pegas anatdmicas que pudessem in-
terferir nos resultados.

As pecas foram retirados por meio de osteotomia do fémur,
tibia e fibula, com serra manual, a dezoito centimetros da linha
articular femorotibial.

Removeu-se as estruturas musculotendineas e vasculoner-
vosas e todo o peridsteo, preservando-se a capsula articular, os
ligamentos colaterais e cruzados, assim como o aparelho ex-
tensor do joelho (ligamento patelar, patela e o tendao quadrici-
pital).

Foram determinados nove pontos para avaliar a deforma-
¢ao superficial, sendo cinco no fémur (nimeros 1 a 5) e quatro
na tibia (nimeros 6 a 9) em cada joelho.

No fémur, padronizou-se a altura do polo superior da patela,
com o joelho em extensdo como ponto de referéncia, para loca-
lizar os pontos de medida da deformacéo superficial 1,2 e 3.
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very of the knee function for these patients when surgical treat-
ment is indicated. According to the joint components to be re-
placed, arthroplasties can be divided into two types: total arthro-
plasty, where all three joint compartments (femorotibial medial,
femorotibial lateral and femoropatellar) are replaced; and unicom-
partmental arthroplasty, where only one of the compartments, ei-
ther the medial or lateral femoratibial, is replaced.

The useful life of knee arthroplasties has increased along the
time due to improvements introduced in surgical instruments and
the sophistication of the surgical technique, but mainly due to
the increasing knowledge on knee biomechanics, which contri-
butes to the evolution in the design of prosthetic components.

However, biological and mechanical factors still impair the
useful life of arthroplasties. Biological factors include infection,
response of foreign matter to the components of the implant,
and the impairment of their supporting structures, meaning both
the capsuloligamentar structures and the bone structure itself.
As to mechanical factors, we may mention the micro motions
occurring in the interface between the bone and the prosthetic
material and the strain changes in the femur and tibia, due to the
placement of the prostheses.

The strain changes in a structure may be evaluated by means
of the surface microdeformations seen when the structure is sub-
ject to a given load or external force under elastic conditions.

The purpose of this trial is to compare the changes in the
knee strain flows promoted by total and unicompartmental pros-
theses, when subjected to an axial load, and evaluate the surfa-
ce microdeformations in the distal third of the femur and in the
proximal third of the tibia.

CASES AND METHOD

Ten pairs of human knees were removed from adult male ca-
davers between 25 and 83 years, with a mean of 52.2 years. The
possibility of previous changes in the anatomical pieces capable
of interfering in the results was evaluated.

The pieces were removed by femoral, tibial and fibular oste-
ostomy using a handsaw, at a distance of eighteen centimeters
from the femorotibial joint line.

The musculotendinous and vasculonervous structures and
the entire periosteum were removed, although the joint capsule,
and the collateral and crossed ligaments were preserved, as well
as the knee extensor apparatus (patellar ligament, patella, and
quadriccipital tendon).

In order to evaluate the surface deformation, nine points were
determined, five of them in the femur (numbered from 1 to 5) and
four in the tibia (numbered from 6 to 9) in each knee.

To locate the measuring points of the surface deformation
(points 1, 2 and 3), the height of the upper pole of the patella,
with the knee extended, was standardized in the femur as a refe-
rence point.

Point 1 : Medial femur: Middle point of the anteroposterior
projection of the femur at its medial side, at the level of the upper
pole of the patella (Figure 1).
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Ponto 1 : Fémur medial: Ponto médio da projecé@o antero-
posterior do fémur na sua face medial, na altura do polo superi-
or da patela. (Figura 1).

Ponto 2 : Fémur posterior: Ponto médio da projecéo latero-
medial do fémur na sua face posterior, na altura do polo supe-
rior da patela. (Figura 2).

Ponto 3 : Fémur lateral: Ponto médio da proje¢cdo antero-
posterior do fémur na sua face lateral, na altura do polo superior
da patela. (Figura 3).

Os pontos 4 e 5 foram marcados proximalmente ao polo
superior da patela, numa distancia igual ao didmetro antero-
posterior do fémur medido na linha dos pontos 1,2 e 3.

Ponto 4 : Fémur anterolateral: Ponto médio lateral da proje-
¢éo lateromedial do fémur na sua face anterior na altura do polo
superior da patela acrescido do maior didmetro anteroposterior
do fémur. (Figura 4).

Ponto 5 : Fémur anteromedial: Ponto médio medial da pro-
jecdo lateromedial do fémur na sua face anterior na altura do
polo superior da patela acrescido do maior didmetro antero-
posterior do fémur. (Figura 4).

Na tibia proximal, padronizou-se a altura da porgédo distal
da sindesmose tibiofibular proximal, como ponto de referéncia
para localizar a altura dos pontos de medida da deformagéo
superficial 6, 7, 8 e 9.

Ponto 6 : Tibia anteromedial: Ponto médio da superficie an-
teromedial da tibia na altura da porgéo distal da sindesmose
tibiofibular proximal. (Figura 5).

Ponto 7 : Tibia posteromedial: Ponto do terco medial da su-
perficie posterior da tibia na altura da porcao distal da sindes-
mose tibiofibular proximal. (Figura 6).

Ponto 8 : Tibia posterolateral: Ponto do terco lateral da su-
perficie posterior da tibia na altura da porgdo distal da sindes-
mose tibiofibular proximal. (Figura 6).

Point 2 : Posterior femur: Middle point of the lateromedial pro-
jection of the femur in its posterior side, at the level of the upper
pole of the patella (Figure 2).

Point 3 : Lateral femur: Middle point of the anteroposterior
projection of the femur in its lateral side, at the level of the upper
pole of the patella (Figure 3).

Points 4 and 5 were marked proximally to the upper pole of
the patella, at a distance equal to the anteroposterior diameter of
the femur, measured on the line of points 1, 2 and 3.

Point 4 : Anterolateral femur: Lateral middle point of the late-
romedial projection of the femur in its anterior side at the level of
the upper pole of the patella plus the largest anteroposterior dia-
meter of the femur (Figure 4).

Point 5 : Anteromedial femur: Medial middle point of the late-
romedial projection of the femur in its anterior side at the level of
the upper pole of the patella plus the largest anteroposterior dia-
meter of the femur (Figure 4).

In the proximal tibia, the height of the distal portion of the
proximal tibiofibular syndesmosis was standardized as a referen-
ce point to locate the height of measuring points 6, 7, 8 and 9 of
the surface deformation.

Point 6 : Anteromedial tibia: Middle point of the tibial antero-
medial surface at the level of the distal portion of the proximal
tibiofibular syndesmosis (Figure 5).

Point 7 : Posteromedial tibia: Point in the medial third of the
tibial posterior surface at the level of the distal portion of the pro-
ximal tibiofibular syndesmosis (Figure 6).

Point 8 : Posterolateral tibia: Point in the lateral third of the
tibial posterior surface at the level of the distal portion of the pro-
ximal tibiofibular syndesmosis (Figure 6).

Point 9 : Anterolateral tibia: Middle point of the tibial anterola-
teral surface at the level of the distal portion of the proximal tibio-
fibular syndesmosis (Figure 5).

FIGURA 1: Esquema representativo da
localizagdo do ponto 1 (fémur medial) onde
PSP corresponde a linha que tangencia o
polo superior da patela, perpendicularmente
ao eixo anatémico do fémur.
FIGURE 1: Representation of the location of
Point 1 (medial femur) where PSP
corresponds to the tangent to the upper pole
of the patella, perpendicularly to the
anatomical axis of the femur.
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FIGURA 2: Esquema representativo da
localizag&o do ponto 2 (fémur posterior) onde
PSP corresponde a linha que tangencia o polo
superior da patela perpendicularmente ao eixo

anatémico do fémur.

FIGURE 2: Representation of the location of
Point 2 (posterior femur) where PSP
corresponds to the tangent to the upper pole of
the patella perpendicularly to the anatomical
axis of the femur.

FIGURA 3: Esquema representativo da
localizag&o do ponto 3 (fémur lateral), onde
PSP corresponde a linha que tangencia o
polo superior da patela, perpendicularmente
ao eixo anatémico do fémur.
FIGURE 3: Representation of the location of
Point 3 (lateral femur), where PSP
corresponds to the tangent to the upper pole
of the patella, perpendicularly to the
anatomical axis of the femur.
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Ponto 9 : Tibia anterolateral: Ponto médio da superficie ante-
rolateral da tibia na altura da por¢éo distal da sindesmose tibio-
fibular proximal. (Figura 5).

Para realizar a andlise das tens6es sob compressao, foi de-
senvolvido um dispositivo mecanico composto de dois cilindros
(um superior para o fémur e um inferior para a tibia e fibula) que
permitia posicionar o joelho em extensado. As extremidades 0s-
seas foram fixadas aos respectivos cilindros com cimento acri-
lico autopolimerizante odontoldgico Jet Classico® (polimetilme-
tacrilato).

Extensdmetros Elétricos Kratos, modelo: PA-06-062 AH-350L.,
foram fixados ao 0sso nos pontos predeterminados (1 a 9), com
adesivo de cianoactrilato Super-Bonder-Loctite[] e posteriormen-
te revestidos por resina de poliuretano. (Figura 7).

Apos a instalagdo dos extensémetros, o conjunto formado
pela peca anatdmica e o dispositivo mecéanico de fixacédo foi
colocado a maquina de ensaios mecanicos Kratos 5002 (Figu-
ra 8). Cada extensometro foi conectado a ponte de extensome-
tria P3500, fabricado pela Measurement Group[, por meio de
cabo com trés fios multifilamentares com 0,5mm de diametro,
segundo especificagdo do fabricante, para a leitura das micro-
deformacgdes superficiais.

A carga foi aplicada no sentido craneocaudal (compresséo)
com velocidade de 5mm por minuto até atingir o valor de 686,70
N (70 kgf) e aguardou-se cerca de vinte minutos devido ao es-
coamento do tecido 6sseo (efeito viscoelastico), até a carga
estabilizar-se em 343,35 N (35 kgf). Uma vez estabilizada a car-
ga, efetuou-se a leitura das microdeformacgdes dos nove exten-
sOmetros. Retirou-se a carga e, apos trinta minutos repetiu-se o
ensaio. Anotou-se os resultados e calculou-se a média dos dois
resultados numéricos de cada extensdmetro nos dois testes.

Ap0s a realizagdo dos testes com os joelhos integros, reti-

rou-se todo o aparelho extensor do joelho
e colocou-se no compartimento medial do

In order to perform the evaluation of the strains under com-
pression, a mechanical device consisting of two cylinders (the
upper cylinder for the femur and the lower cylinder for the tibia
and fibula) was developed to position the knee in extension. The
bone ends were attached to their respective cylinders with Jet
Classico” dental self-polymerizing acrylic cement (polymethyl-
metacrylate).

Kratos model PA-06-062 AH-350L electrical extensometers
were attached to the bone in pre-determined points (1 to 9) with
Loctite’s Super-Bonder” cyanoacrylate adhesive and later coa-
ted with polyurethane resin (Figure 7).

Once the extensometers were installed, the assembly formed
by the anatomical part and the fixing mechanical device was pla-
ced in the Kratos 5002 mechanical testing machine (Figure 8).
To read the surface microdeformations, each extensometer was
connected to the P3500 extensometry bridge (manufactured by
Measurement Group”) by means of a cable formed by three mul-
tiflament wires 0.5 mm in diameter, according to the
manufacturer’s specification.

The load was applied in the craniocaudal (compression) di-
rection at a speed of 5 mm per minute until it reached the value
of 686.70 N (70 kgf); approximately 20 minutes elapsed until the
load stabilized at 343.35 N (35 kgf), due to the flowing of bone
tissue (viscous elastic effect). Once the load stabilized, the rea-
ding of the microdeformations was performed in the nine extenso-
meters. The load was removed and the test was repeated after 30
minutes. The results were recorded and the average of the two
readings in each extensometer was calculated for both tests.

After the tests were performed with the intact knees, the knee
extensor apparatus was removed and a cemented unicompart-
mental prosthesis was placed in the medial compartment of the
right knee, while the anterior and posterior crossed ligaments
were preserved (Figure 9). For the left knee,
the cemented total prosthesis was placed,

FIGURA 4: Esquema representativo da
localizagéo do ponto 4 (fémur anterolateral) e do
ponto 5 (fémur anteromedial), onde PSP
corresponde a linha que tangencia o polo
superior da patela, perpendicularmente ao eixo
anatdmico do fémur e PAP corresponde a
projecédo anteroposterior do fémur na altura do
polo superior da patela.

FIGURE 4: Representation of the location of Point
4 (anterolateral femur) and Point 5 (anteromedial
femur), where PSP corresponds to the tangent to
the upper pole of the patella, perpendicularly to
the anatomical axis of the femur and PAP
corresponds to the anteroposterior projection of
the femur at the level of the upper pole of the
patella.
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FIGURA 5: Esquema representativo da
localizagéo dos pontos 9 (tibia anterolateral) e
ponto 6 (tibia anteromedial), onde: SD
corresponde a linha que tangencia a porcéo distal
da sindesmose tibiofibular proximal,
perpendicularmente ao eixo anatdmico da tibia;
TAT corresponde tuberosidade anterior da tibia;
CPM corresponde a cortical tibial posteromedial;
CPL corresponde a cortical tibial posterolateral.
FIGURE 5: Representation of the location of Point
9 (anterolateral tibia) and Point 6 (anteromedial
tibia), where SD corresponds to the tangent to the
distal portion of the proximal tibiofibular
syndesmosis, perpendicularly to the anatomical
axis of the tibia; TAT corresponds to the anterior
tuberosity of the tibia; CPM corresponds to the
posteromedial tibial cortical; and CPL
corresponds to the posterolateral tibial cortical.

FIGURA 6: Esquema representativo da localizagdo
dos pontos 7 (tibia posteromedial) e ponto 8 (tibia
posterolateral), onde SD corresponde a linha que
tangencia a por¢éo distal da sindesmose
tibiofibular proximal, perpendicularmente ao eixo
anatdmico da tibia.
FIGURE 6: Representation of the location of Point
7 (posteromedial tibia) and Point 8 (posterolateral
tibia), where SD corresponds to the tangent to the
distal portion of the proximal tibiofibular
syndesmosis, perpendicularly to the anatomical
axis of the tibia.
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joelho direito prétese unicompartimental cimentada, preservan-
do-se os ligamentos cruzados anterior e posterior, (Figura 9) e,
no joelho esquerdo, prétese total cimentada, preservando-se o
ligamento cruzado posterior, (Figura 10).

As préteses instaladas foram do modelo SEARCH" fabrica-
do pela Aesculap®. Utilizou-se guia intramedular no fémur e ex-
tramedular na tibia, padronizando-se a opg¢éo de 7° para com-
pensacao do valgismo entre o eixo mecanico do membro inferi-
or e o eixo anatébmico do fémur, tanto na instalagéo da artro-
plastia total como na unicompartimental.

Depois de colocadas as proteses, as pegas foram novamente
submetidas aos testes de carregamento como os realizados nos
joelhos integros, calculando-se e anotando-se a média dos dois
resultados numéricos de cada extensdmetro nos dois testes.

Depois de obtidos os resultados, foi feita a estatistica des-
critiva da média dos valores das microdeformacgfes dos dois
ensaios realizados, tanto nos joelhos direitos integros e depois

TR

FIGURA 7: Fotografia dos extensémetros elétricos instalados no ponto 4
(fémur anterolateral) e ponto 5 (fémur anteromedial) da pe¢a anatdmica.
FIGURE 7: Photography of the electrical extensometers installed at Point 4
(anterolateral femur) and Point 5 (anteromedial femur) of the anatomical piece.

FIGURA 9: Fotografia do joelho direito ap6s a colocacéo da protese
unicompartimental.
FIGURE 9: Photography of the right knee after placement of
unicompartmental prosthesis.

ACTA ORTOP BRAS 11(3) - JUL/AGO, 2003

while the posterior crossed ligament was preserved (Figure 10).

The prostheses installed were of the SEARCH” model made
by Aesculap”. An intramedullary guide was used in the femur,
while in the tibia an extramedullary guide was used; the option of
7 degrees to correct valgism between the mechanical shaft of
the lower member and the anatomic shaft of the femur was stan-
dardized in the installation for both total and unicompartmental
arthroplasties.

After placing the prostheses, the pieces were subjected again
to loading tests like the ones performed with the intact knees, the
average of the two numerical results was calculated and recor-
ded for each extensometer, in both tests.

The results were used in a descriptive statistical study of the
mean value of the microdeformations in the two tests performed,
both in the intact right knees and after the unicompartmental pros-
thesis was placed, and after the total prostheses were placed;
the mean value (M), the standard deviation (SD) and the stan-

FIGURA 8: Fotografia da maquina de ensaios mecanicos Kratos 5002. A:
Painel de controle. B: Peca anatémica acoplada ao dispositivo mecanico e
adaptada a célula da carga (10tf). C: Ponte de extensometria elétrica P3500. D:
Unidade de selecgdo e balango SB10.

FIGURE 8: Photography of the Kratos 5002 mechanical testing machine.

A: Control panel. B: Anatomical piece coupled to the mechanical device and
adapted to the load cell (10 tf). C: Bridge of extensometry Electrical P3500.
D: Unit for selection and balance SB10.

FIGURA 10: Fotografia do joelho esquerdo apds a colocagéo da protese total.
FIGURE 10: Photography of the left knee after placement of the total
prosthesis.
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da colocagéo das proteses unicompartimentais, quanto nos jo-
elhos esquerdos integros e depois da colocagédo das préteses
totais, calculando-se a média (M), desvio padrao (DP) e o erro
padrao da média (EPM) em cada extensémetro.

Comparou-se as microdeformagdes observadas nos joelhos
direitos e esquerdos integros com o teste t de Student em cada
extensémetro.

Realizou-se a analise comparativa dos valores das micro-
deformacgdes observadas no joelho direito antes e apés a colo-
cacgdo das proteses unicompartimentais, e do joelho esquerdo
antes e ap0s a colocacéo da prétese total pelo teste t pareado,
em cada extensdmetro.

Adotou-se o nivel de significancia de 5% (a=0,05) e os re-
sultados significantes foram evidenciados por asteriscos.

RESULTADOS

Os resultados das médias das microdeformacgdes superfici-
ais dos joelhos direitos integros, por cadaver, em cada extens6-
metro, encontra-se na Tabela 1.

Os resultados das médias das microdeformacdes superfici-
ais dos joelhos esquerdos integros, por cadaver, em cada ex-
tensdbmetro, encontra-se na Tabela 2.

Os resultados das médias das microdeformacdes superfici-
ais dos joelhos direitos apds a colocacéo das préteses unicom-
partimentais, por cadaver, em cada extensdmetro, encontra-se
na Tabela 3.

Os resultados das médias das microdeformages superfici-
ais dos joelhos esquerdos ap0s a colocagao das proteses totais,
por cadaver, em cada extensometro, encontra-se na Tabela 4.

A estatistica comparativa entre os valores das microdefor-
mag0Oes superficiais observadas nos joelhos direitos e esquer-
dos integros encontra-se na Tabela 5.

A estatistica comparativa dos valores das microdeformacdes
superficiais observadas nos joelhos direitos antes e depois da
colocacgédo das préteses unicompartimentais encontra-se na Ta-
bela 6.

A estatistica comparativa dos valores das microdeformages
superficiais observadas nos joelhos esquerdos antes e depois
da colocacédo das proéteses totais encontra-se na Tabela 7.

De acordo com a Tabela 5, ndo existiu diferenca estatistica-
mente significante entre os valores das microdeformagdes su-
perficiais encontradas nos joelhos direitos e esquerdos integros
em todos os extensOmetros.

De acordo com a Tabela 6, houve um aumento significante
das microdeformacfes em compressdo dos valores observa-
dos no extensdmetro nimero 1 (fémur medial), ap6s a coloca-
¢ao da prétese unicompartimental. (p=0,031).

Houve um aumento significante das microdeformagfes em tra-
¢ao dos valores observados no extensdmetro nimero 3 (fémur la-
teral), apés a colocagao da protese unicompartimental. (p=0,015).

Houve uma diferenca significante das microdeformacdes em
compressédo dos valores observados no extensdmetro nimero
5 (fémur anteromedial), passando de tragcdo para compressao,
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dard error of the mean (SEM) were calculated for each extenso-
meter.

A comparison among the microdeformations observed in the
intact right and left knees in each extensometer was made using
Student’s t-test.

A comparative analysis of the values of the microdeformati-
ons observed in the right knee before and after the placement of
the unicompartmental prostheses, as well as the ones observed
in the left knee before and after the placement of the total pros-
thesis by the paired t-test was performed for each extensometer.

A 5% significance level (a=0.05) was adopted and the signi-
ficant results were indicated by asterisks.

RESULTS

The mean values of the surface microdeformations of the in-
tact right knees, per cadaver, in each extensometer, are given in
Table 1.

The mean values of the surface microdeformations of the in-
tact left knees, per cadaver, in each extensometer, are given in
Table 2.

The mean values of the surface microdeformations of the ri-
ght knees after the placement of the unicompartmental prosthe-
ses, per cadaver, in each extensometer, are given in Table 3.

The mean values of the surface microdeformations of the left
knees after the placement of the total prostheses, per cadaver, in
each extensometer, are given in Table 4.

A comparative statistical analysis of surface microdeformati-
on values observed in the intact right and left knees is given in
Table 5.

A comparative statistical analysis of surface microdeformati-
on values observed in the right knees before and after the place-
ment of the unicompartmental prostheses is given in Table 6.

A comparative statistical analysis of surface microdeformation
values observed in the left knees before and after the placement of
the unicompartmental total prostheses is given in Table 7.

According to Table 5, no statistically significant differences
were seen between the values of the surface microdeformations
found in the intact right and left knees in all extensometers.

According to Table 6, there was a significant increase in the
microdeformations in compression of the values observed in ex-
tensometer 1 (medial femur), after the placement of the unicom-
partmental prosthesis (p=0.031).

There was a significant increase in the microdeformations in
traction of the values observed in extensometer 3 (lateral femur)
after the placement of the unicompartmental prosthesis
(p=0.015).

A change from traction to compression produced a signifi-
cant difference in the microdeformations in compression of the
values observed in extensometer 5 (anteromedial femur) after the
placement of the unicompartmental prosthesis (p=0.002).

After the placement of the unicompartmental prosthesis, a
significant increase in the values of the microdeformations in
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Microdeformations (um/pm)

Microdeformations (um/pm)

Extensometer 1 2 3 4 5 6 7 8 9 Extensometer 1 2 3 4 5 6 7 8 9
Cadaver 1 124 169 65 254 146 -141 -108 -62 -29  Cadaver 1 131 184 11 129 153 -161 -153 -82 13
Cadaver 2 -354 -306 36 343 118 455 -179 -9 -134  Cadaver2 =257 | =367 | 93 | 415 | 114 | -197 | 120 | 22 | 36
Cadaver 3 -250  -158 52 175 -36 -110  -83  -72 44 Cadaver 3 60 -139 -76 103 48 -58 29 79 -180
Cadaver 4 -72 | -108  -42 103 45 -32 9 115 -60 Cadaver 4 98  -131 29 92 15 2 -49 ) -6
Cadaver5  -306 -216 66 221 4 147 -85 6 33  Cadaver5  -354 239 173 210 -84 -194 113 21 40
Cadaver 6 st 5 N0 5 S NS . TS 5 S O (5= 0 S B -5 2B B O CRBECS I [e5eiEeme) 60 | 135 | -62 | 64 | 21 | -40 | -15 | -168 | -162
Cadaver 7 -435 389 309 278 -94 126 -28 46 18  (odaver7 291 288 111 140 67 190 23 -88 .77
cadavens w0 SN 5 O = R 6 | o 2B R B IS BIE X NS 28 (e s O S I E s
Cadaver 9 37  -169 -107 116 94 60  -59 -84 -127

Cadaver 9 99 123 -162 33 110 20 -70 -168 -155
Cadaver10. | =28 | -156 | -87 | 40 B2 | A || o S8 45

Cadaver 10 =257 | -210 | 118 | 240 | -39 | -170 -19 17 -3
M 1701 -186.9 168 1631 39.3 -1185 -853 -75.0 -56.1
sD 1519 954 121.8 107.0 768 1293 501 798 60.1 M 15837 1977 112 1533 301 -119.8 -57.4 -725 -742
SEM 480 302 385 338 043 480 168 952 190 SD 1357 769 1063 1108 789 712 563 721 104.2
i medn T mean SEM 429 243 336 350 249 225 178 228 330
DP: desvio padréo. SD: standard deviation M: média M: mean.

EPM: Erro padrdo da média. SEM: Standard error of the mean.

Os valores positivos correspondem a for¢as de tracédo Positive values correspond to traction forces.
Os valores negativos correspondem a forcas de compressao. Negative values correspond to compression forces.
Tabela 1 - Resultados das médias das microdeformagdes superficiais dos
joelhos direitos integros, por cadaver, em cada extensdémetro.

Table 1 - Mean values of the surface microdeformations of the intact right
knees, per cadaver, in each extensometer.

SD: standard deviation.
SEM: Standard error of the mean

DP: desvio padrao.
EPM: Erro padrao da média.

Os valores positivos correspondem a forcas de tracéo. Positive values correspond to traction forces
Os valores negativos correspondem a for¢as de compressao. Negative values correspond to compression forces

Tabela 2 - Resultados das médias das microdeformagdes superficiais dos
joelhos esquerdos integros, por cadaver, em cada extensémetro.

Table 2 - Mean values of the surface microdeformations of the intact left
knees, per cadaver, in each extensometer.

Microdeformations (um/um)

Microdeformations (um/um)

Extensometer 1 2 3 4 5 6 7 8 9 Extensometer 1 2 3 4 5 6 7 8 9
Cadaver 1 -242 172 178 194 44 -153 179 -33 83 Cadaver 1 =274 217 174 222 25 -303 154 32 64
Cadaver 2 2Ry | 5 | B 306 = -347 158 -21 119 Cadaver 2 -253  -336 95 262 24 -184 | -198 | 53 178
Cadaver 3 -268 -166 76 140 68 134 137 45 101 Cadaver 3 -83 185 -34 64 -8 26 185 -126  -88
Cadaver 4 e EE | e iz -45 38 -29 -173 50 Cadaver 4 -189 -170 86 jost g e -8 20
Cadaver 5 -303 -329 85 180 -19 139 -158 98 -168 Cadaver5 -175 142 38 71 -37 158 -95 1 -46
Cadaver 6 =151 | =148 | 28 e 21 -102 -86 -64 -3 Cadaver 6 52 | 197 3 63 36 LB =115 | F8 | 8
Cadaver 7 -380 -302 224 -84 127 -118 -136 -56 28 Cadaver 7 83 -85 -168 111 104 49 -61 -68  -374
Cadaver 8 2 | A0 98 761 -70 G | e | 178 | 20 Cadaver 8 <8 | A2 | <8 13 -23 -38 | -122 | -221 | -174
Cadaver 9 -296  -214 81 130 94 195 -4 20 -28 Cadaver 9 -156 182 50 47 106 -80 67 -144 6
Cadaver 10 250 | =215 | 121 160 -58 e e Cadaver 10 296 | -211 | 168 | 163 | 106 | -102 | -79 -1 5
M 2659 -219.4 1021 1490 -343 -1266 -137.0 -566 83 M -1441 -186.4 363 1116 -169 -1016 -1155 -53.4 -462
SD 601 714 584 965 633 974 771 779 845 SD 1192 648 1039 801 672 971 489 868 1500
SEM 190 226 185 305 200 308 244 246 267 SEM 377 205 328 253, 213 307 155 274 474
M: média M: mean

M: mean.
SD: standard deviation.
SEM: Standard error of the mean

M: média
DP: desvio padréo.
EPM: Erro padrao da média

Os valores positivos correspondem a for¢as de tracéo. Positive values correspond to traction forces,
Os valores negativos correspondem a forcas de compressao. Negative values correspond to compression forces,

Tabela 3 - Resultados das médias das microdeformagdes superficiais dos
joelhos direitos apds colocagdo das préteses unicompartimentais, por cadaver,
em cada extensdémetro.

Table 3 - Mean values of the surface microdeformations of the right knees after
placement of the unicompartmental prostheses, per cadaver, in each
extensometer

apos a colocagéo da protese unicompartimental. (p=0,002).

Houve um aumento significante das microdeformacdes em
compresséao dos valores observados no extensémetro niimero
7 (tibia posteromedial), apds a colocacgdo da prétese unicom-
partimental. (p=0,023).

Nao existiu diferenca estatisticamente significante entre os
valores das deformacdes superficiais encontradas no joelho di-
reito integro e apos a colocacgdo da prétese unicompartimental
nos demais extensdmetros.

De acordo com a Tabela 7, houve um aumento significante
das microdeformag6es em compressédo dos valores observa-
dos no extensdmetro ndmero 7 (tibia posteromedial), apds a
colocacao da prétese total. (p=0,023).

Nao existiu diferenca estatisticamente significante entre os
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SD: standard deviation
SEM: Standard error of the mean

DP: desvio padréo.
EPM: Erro padrao da média.

Os valores positivos correspondem a forcas de tracao. Positive values correspond to traction forces.
Os valores negativos correspondem a foras de compressao. Negative values correspond to compression forces

Tabela 4 - Resultados das médias das microdeformacdes superficiais dos
joelhos esquerdos ap6s colocagéo das proteses totais, por cadaver, em cada
extensdémetro.

Table 4 - Mean values of the surface microdeformations of the left knees after
placement of the total prostheses, per cadaver, in each extensometer.

compression was observed in extensometer 7 (posteromedial
tibia) (p=0.023).

The other extensometers showed no statistically significant
differences in the surface microdeformations found in the intact
right knee and after the placement of the unicompartmental pros-
thesis.

According to Table 7, after the placement of the total prosthe-
sis a significant increase in the values of the microdeformations
in compression was observed in extensometer 7 (posteromedial
tibia) (p=0.023).

No statistically significant differences were seen in the other
extensometers as regards the values of the surface microdefor-
mations found in the intact left knee and after the placement of
the total prosthesis.
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Extensometer Means of the differences T p
(Microdeformations pum/um)
1 -16.35 -0.254 0.803
2 10.85 0.280 0.783
3 5.65 0.111 0.913
4 9.85 0.202 0.842
5 9.15 0.263 0.796
6 1.30 0.028 0.978
7 -27.85 -1.168 0.258
8 -2.50 -0.073 0.942
9 18.10 0.476 0.640

Student’s t-test

Tabela 5 - Estatistica comparativa entre resultados das médias das
microdeformagdes superficiais dos joelhos direitos e esquerdos antes da
colocagdo das proteses. (joelhos integros)

Table 5 - Comparative statistical analysis of mean values of the surface
microdeformations of the right and left knees before the placement of the
prostheses (intact knees).

Extensometer Means of the differences T p
(Microdeformations um/um)
1 95.80 2.556 0.031*
2 3255 1.879 0.093
3 -85.30 -3.015 0.015*
4 14.10 0.315 0.760
5 73.60 4.465 0.002 *
6 8.15 0.444 0.668
7 51.70 2.731 0.023 *
8 -18.45 -0.976 0.354
9 -64.45 -1.993 0.077

Paired t-test

Tabela 6 - Estatistica comparativa entre resultados das médias das
microdeformagdes superficiais dos joelhos direitos antes e depois da
colocagédo das préteses unicompartimentais.

Table 6 - Comparative statistical analysis of mean values of the surface
microdeformations of the right knees before and after the placement of the
unicompartmental prostheses.

Extensometer Means of the differences T p
valores das microdeformagdes . (M'°r°def°rgag'5°”s pm/im) 75 86 DISCUSSION
superficiais encontradas no jo- 2 113 -0.465 0.653 ) )
elho esquerdo integro e apés a 3 -25.15 -0.547 0.597 The changes in strain flows
colocacdo da protese total nos 2 LAY E i caused by the implant material
demais extensémetros. 6 -18.15 -0.590 0.570 promote a remodeling in the
7 58.10 2728 0.023 * arrangement of the bone trabe-
g j;g_ég :8_22; 822‘2‘ culae and are long known®11:29,

DISCUSSAO

As alteragdes nos fluxos de
tensdo provocadas pelo mate-
rial de implante, promovendo
um remodelamento na disposi-
¢do das trabéculas 6sseas, sdo
reconhecidas de longa
data®:24, Porém, em relacédo
as proéteses de joelho, os trabalhos especificos sdo mais raros:
Bourne e Finlay® e Whiteside e Pafford® realizaram estudo ex-
perimental para avaliagdo da distribuicdo de carga através de
extensdmetros, mas restrito a tibia; Hvid et al.® avaliaram a rea-
bsorcdo 6ssea através de densitometria e Tissakht et al.?®, Van
Lenthe et al.?® e Lewis et al.*® fizeram o mesmo em modelos
por elementos finitos em computador.

Casos de fratura de fadiga no fémur proximal apés artro-
plastia total descritos por Kumm et al.*® e Rawes et al.?V e de
fratura de fadiga na tibia apds artroplastia unicompartimental
descrito por Rossetti et al.?¥, também indicam a existéncia de
alteracBes nos fluxos de tensdo apos esses procedimentos.

Os fluxos de tenséo de determinada estrutura, quando sub-
metida a carga, estdo diretamente relacionados com a defor-
magao que ocorre na estrutura, segundo a seguinte formula:

o=¢.E

Nesta formula, o corresponde a tensao normal, sendo que
os valores positivos referem-se a tracéo e os valores negativos
a compressao, com valores expressos em N/m?; E correspon-
de ao modulo de elasticidade ou coeficiente de Young, sendo
uma caracteristica prépria do material, com seus valores ex-
pressos também em N/m?; € corresponde & deformagéo super-
ficial com valores expressos em m/m.

O osso por ndo ser uma estrutura homogénea, apresenta

Paired t-test
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Tabela 7 - Estatistica comparativa entre resultados das médias das
microdeformagdes superficiais dos joelhos esquerdos antes e depois da
colocagdo das proteses totais.

Table 7 - Comparative statistical analysis of mean values of surface
microdeformations of the left knees before and after the placement of the total
prostheses.

However, specific trials regar-
ding knee prostheses are qui-
terare. The trials performed by
Bourne and Finlay® and White-
side and Pafford® to evaluate
the load distribution using ex-
tensometers were limited to the
tibia; Hvid et al® evaluated the
bone resorption by densitome-
try, and Tissakht et al®®, Van Lenthe et al® and Lewis et al®® did
the same in models using a computerized analysis of finite ele-
ments.

Cases of fatigue fracture in the proximal femur after total ar-
throplasty described by Kumm et al®® and Rawes et al®® and of
tibial fatigue fracture after unicompartmental arthroplasty descri-
bed by Rossetti et al® also indicate the existence of changes in
the strain flows after such procedures.

In a given structure subjected to load, the strain flows relate
directly to the deformation occurring in the structure, according
to the formula below

o=¢.E

where g corresponds to normal strain and the positive valu-
es refer to traction, while the negative values correspond to com-
pression, all the values being expressed in N/m?; E correspon-
ds to the elasticity module or Young coefficient and is a charac-
teristic of the material, its values also being expressed in N/m?;
& corresponds to surface deformation, with values expressed in
m/m.

Since it is not a homogeneous structure, the bone is very
prone to change according to the region studied, and such chan-
ges reflect in the values of the elasticity module (E). We may
consider in our study that there were no changes in the values of
the bone elasticity module because our comparisons referred to
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grande variabilidade, conforme a regido estudada, nos valores
do médulo de elasticidade (E). No nosso estudo, podemos con-
siderar que ndo houve variagdo nos valores do médulo de elas-
ticidade do osso, por estarmos fazendo comparagfes com o
joelho integro e apds a colocacao das préteses sempre no mes-
mo ponto do 0sso. Portanto, as microdeformacdes superficiais
(&) observadas em determinado ponto do 0sso, quando da apli-
cacdo da carga, correspondem diretamente ao valor da tenséo
superficial (g) daquele ponto.

Para o0 nosso estudo néo fizemos restricdes a idade dos ca-
daveres porque essa comparacgdo nao foi feita entre os valores
absolutos observados nos joelhos com os dois tipos de proéte-
ses, mas entre as diferencas dos valores observados com o
joelho integro e apés a colocacao de cada tipo de prétese.

A criacdo do dispositivo mecénico teve como intuito promo-
ver a adaptagdo adequada das pecas anatdmicas a maquina
de ensaios mecéanicos. A fixagdo das pecas anatémicas ao dis-
positivo com cimento acrilico, promoveu uma melhor congru-
éncia entre as pecas e o dispositivo mecénico, homogenei-
zando as tensdes na regido da fixacdo, diminuindo a interferén-
cia da fixacao nos resultados.

A retirada do aparelho extensor do joelho para a realiza¢do
dos testes de carga teve o objetivo de facilitar a colocacdo das
proteses nas pecgas anatdmicas sem danificar os extensdome-
tros. Esse procedimento pode ser realizado, sem comprometi-
mento dos resultados, porque a extensdo completa do joelho é
mantida pela tenséo da capsula posterior e dos ligamentos, sem
qualquer participacédo do aparelho extensor®@.

Procuramos localizar os extensdémetros em todas as faces
do terco distal do fémur e proximal da tibia. Escolhemos, tam-
bém, pontos préximos a inser¢édo da capsula articular do joe-
lho, pois quanto mais longe dos pontos de fixacdo da peca,
mais susceptivel a deformagdes estara a estrutura.

Como ndo comparamos 0s valores absolutos observados
apos a colocagao das préteses totais e unicompartimentais em
cada par de joelho, mas comparamos as diferencas entre os
valores observados com o joelho integro e apds a colocagéo
das proteses totais e unicompartimentais, pequenas diferencas
de localizacdo dos pontos estudados néo interferiram no resul-
tado.

Em relacdo a prétese total, optamos pelo tipo que preserva
o ligamento cruzado posterior por ser a mais frequientemente
utilizada e por alterar menos o estoque 6sseo da por¢éo distal
do fémur, diferenciando-se menos da prétese unicompartimen-
tal do que a prétese total que substitui o ligamento cruzado
posterior. Com a escolha deste tipo de protese total introduzi-
MOS Menos variaveis para a nossa comparacao.

A colocacao da protese unicompartimental no compartimen-
to medial se deu porque esse é o compartimento mais freqiien-
temente comprometido na artrose do joelho.

A opcéo pelo guia intramedular para a realizagdo dos cortes
femorais e colocagdo do componente femoral nos dois tipos de
proteses, se deu por ndo podermos utilizar a cabega femoral como
parametro de orientagdo do guia extramedular. Para a confecgéo
dos cortes tibiais, utilizamos o guia extramedular e o eixo da tibia
foi utilizado como parametro de orientacao desse guia.
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the intact knee and after the placement of the prostheses always
in the same site of the bone. Therefore, the surface microdefor-
mations (€) observed in a given site of the bone when a load was
applied correspond directly to the value of the surface strain (o)
of that site.

In our study we did not take into account the age of the cada-
vers because the comparison was not between the absolute va-
lues observed in the knees with the two types of prostheses, but
between the differences of the values observed with the intact
knees and after the placement of each type of prosthesis.

The purpose of creating the mechanical device was to pro-
mote the proper adaptation of the anatomical pieces to the me-
chanical testing machine. Attaching the anatomical pieces to the
device using acrylic cement improved the congruence between
the pieces and the mechanical device, since the strains in the
region of attachment were homogenized and the attachment in-
terfered less with the results.

The purpose of removing the knee extensor apparatus to
perform the loading test was to facilitate the placement of the
prostheses in the anatomical pieces without damaging the ex-
tensometers. This procedure may be performed with no com-
promise to the results because the knee is kept completely ex-
tended by straining the posterior capsule and the ligaments, with
no involvement of the extending apparatus®.

We tried to locate the extensometers in every side of the distal
third of the femur and of the proximal third of the tibia. Also, we
chose points that were close to the insertion of the knee joint cap-
sule because, the farther the fixing points of the piece are located,
the more susceptible to deformations the structure will be.

Since we did not compare the absolute values observed af-
ter the placement of the total and unicompartmental prostheses
in each pair of knees, but the differences between the values
observed with the intact knee and after the placement of the total
and unicompartmental prostheses, small differences of location
of the points studied did not interfere with the results.

As regards the total prosthesis, we chose the type that pre-
serves the posterior crossed ligament because it is the most fre-
quently used prosthesis and because it changes less the bone
depot of the femoral distal point, being less differentiated from
the unicompartmental prosthesis than the total prosthesis, that
replaces the posterior crossed ligament. By choosing this type
of total prosthesis, we have introduced fewer variables in our
comparison.

The placement of the unicompartmental prosthesis in the
medial compartment was performed because this is the most
frequently impaired compartment in knee arthrosis.

The option to use the intramedullary guide to perform the fe-
moral cuts and to place the femoral component in the two types of
prostheses was based on the fact that we could not use the femo-
ral head as a guiding parameter of the extramedullary guide. To
make the tibial cuts we used the extramedullary guide, while the
tibial axis was used as a guiding parameter for that guide.

In this study we used cemented prostheses because they
are of the most frequently used type and initially promote a more
stable way of fixing the prostheses than without using cement
1427 With this, the trial’s results are more reliable.
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Utilizamos, nesse estudo, préteses cimentadas por ser o tipo
mais freqlientemente empregada e por promover uma fixagédo
inicial mais estavel que as préteses sem cimento®+27, Esta fixa-
¢do inicial mais estavel torna os resultados do experimento mais
confiveis.

Tanto nas préteses unicompartimentais como nas totais,
padronizamos a utilizag&o do angulo 7° para a correc¢éo do val-
gismo entre o eixo mecéanico do membro inferior e o eixo anato-
mico do fémur, por ser o angulo normal®,

Quanto ao ensaio de compressao optamos por realizar as
leituras das deformacdes com a carga estabilizada em 343,35
N (35 kgf) o que corresponderia ao apoio bipodalico de um in-
dividuo de 70 kg.

A carga foi aplicada em extensdo porque, de acordo com
Hilding et al.®), nessa situacdo, simula-se as forgas que atra-
vessam o joelho durante a marcha.

Em relac@o a comparacgéo dos valores observados nos joe-
Ihos direitos e esquerdos integros (Tabela 5), o estudo estatisti-
co revelou ndo haver diferencas entre os dois grupos. Portanto,
o fato de todas as préteses unicompartimentais serem coloca-
das nos joelhos direitos e todas as proteses totais serem colo-
cadas nos joelhos esquerdos néo interferiu no resultado.

Em relac@o ao fémur distal, a grande variagdo das deforma-
¢Bes superficiais no ponto 5, fémur anteromedial, com valores
ora de tragdo ora de compressado e com valores proximos de
zero tanto no joelho integro, apos a colocacéo dos dois tipos de
préteses, sugere que esse ponto estaria localizado proximo a
uma zona neutra. Neste local, 0 0sso néo estaria sofrendo for-
¢as importantes de tragcdo ou compresséao. Talvez este achado
esteja relacionado com a reabsorgdo 6ssea observada por al-
guns autores na face anterior do fémur apés a artroplastia total
do joelho?028.29),

Ainda quanto ao fémur distal, a colocacao da prétese total
ndo causou alteracdes estatisticamente significantes nas micro-
deformagdes superficiais quando comparado com o joelho in-
tegro. Este fato pode ser explicado porque, na protese total, os
dois céndilos femorais sdo substituidos, 0 que manteria o pa-
dréo da distribuicdo das deformacdes superficiais. (Figura 11).

Apesar de 0s nossos resultados ndo apresentarem diferen-
¢as estatisticamente significantes entre os joelhos integros e
apos a colocacdo das proteses totais, houve uma diminui¢éo
das médias, como nos achados de Tissakht et al.?® em estudo
realizado em computador.

Quanto a protese unicompartimental, ela alterou o padrao das
deformacdes superficiais no fémur distal. O componente femoral
desta prétese, por ser mais rigido e por diminuir a area de conta-
to entre o fémur e a tibia, confere maior concentragées de ten-
sbes a esse compartimento. No compartimento lateral, as car-
gas tendem a se dissipar pela presenca do menisco lateral, que
aumenta a area de contato entre o fémur e a tibia e junto com a
maior quantidade de 0sso esponjoso conferem maior viscoelas-
ticidade e acomodag&o das estruturas. Isso leva a resultante das
forcas nos céndilos femorais a se deslocar medialmente, au-
mentando o momento adutor do joelho e gerando uma maior
microdeformacao superficial em compressao na cortical medial,
ponto 1, e em trag&o na cortical lateral, ponto 3. (Figura 11).
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Both for unicompartmental prostheses and total prostheses,
we standardized the use of the 7-degree angle for the correcti-
on of valgism between the lower limb mechanical axis and the
femoral anatomical shaft, since it is the normal angle ©.

As to the compression test, we decided to make the readin-
gs of the deformations with the load stabilized at 343.35 N (35
kgf), which would correspond to the bipodal support of an indi-
vidual weighing 70 kg.

The load was applied in extension because, according to
Hilding et al®, in this situation it is possible to simulate the for-
ces that cross the knee during the march.

As to the comparison of the values observed in the intact
right and left knees (Table 5), the statistical study showed no
differences between the two groups. Therefore, the fact that all
unicompartmental prostheses were placed in the right knees
and all the total prostheses were placed in the left knees did
not interfere with the results.

As to the distal femur, the large variation in the surface de-
formations at Point 5, anteromedial femur, with in-traction or in-
compression values and with values close to zero in the intact
knee, after the placement of the two types of prostheses, su-
ggests that this point would be located near a neutral zone.
There, the bone would not be subject to important traction or
compression forces. This finding may be related to the bone
resorption observed by some authors in the femoral anterior side
after a total knee arthroplasty ?%:28:29),

Also as regards the distal femur, the placement of the total
prosthesis did not cause statistically significant changes in the
surface microdeformations as compared with the intact knee.
This might be explained by the fact that in the total prosthesis
the two femoral condyles are replaced, which would maintain
the distribution pattern of the surface deformations (Figure 11).

Although our results present no statistically significant diffe-
rences between the intact knees and after the placement of the
total prostheses, the mean values decreased, as found by Tis-
sakht et al ®® in a computerized study.

As to the unicompartmental prosthesis, it has changed the
pattern of the surface deformations in the distal femur. Since
the femoral component of this prosthesis is more rigid and de-
creases the contact area between the femur and the tibia, it
provides larger concentrations of strains to this compartment.
In the lateral compartment, the loads tend to dissipate due to
the presence of the lateral meniscus, which increases the con-
tact area between the femur and the tibia and, together with the
higher amount of spongy bone, provide the structures with a
higher viscoelasticity and better accommodation. This leads
the resultant of the forces in the femoral condyles do be medi-
ally shifted, thus increasing the aductor moment of the knee
and generating a larger surface microdeformation in compres-
sion in the medial cortical (Point 1) and in traction in the lateral
cortical (Point 3) (Figure 11).

This is a particularly important finding because the type of
unicompartmental prosthesis utilized in our study will correct
the difference between the anatomical and mechanical axes of
the femur. The unicompartmental prostheses where this diffe-
rence is not offset, keeping a varum knee as advocated by Brou-
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Esse achado é particularmente importante, porque o tipo de
prétese unicompartimental utilizado no nosso experimento cor-
rige a diferenca entre o eixo anatdmico e mecanico do fémur.
Aquelas préteses unicompartimentais, em que ndo se compen-
sa essa diferencga, mantendo-se o varismo do joelho como pre-
conizam Broughton et al.®), Romagnoli®?, Marmour®® gerariam
tens@es ainda maiores no fémur distal.

A tibia proximal, por ter uma anatomia e uma arquitetura das
trabéculas 6sseas distinta do fémur distal, apresentou uma res-
posta diferente apos a colocagéo das proteses. Em ambos os
tipos de préteses houve um aumento significativo da compres-
séo apenas na cortical posteromedial. Esse fato pode ser expli-
cado porque a maior parte da carga da tibia proximal passa
pela porcéo medial segundo Burnstein® e a substituicdo de todo
o planalto tibial ou apenas do céndilo medial provocou altera-
¢Oes semelhantes nas tens@es superficiais na tibia proximal.

A esclerose 6ssea sob o componente tibial das préteses uni-
compartimentais observadas por Romagnoli®? corroboram com
esses achados. Outra evidéncia sdo as falhas das artroplastias
unicompartimentais por afundamento do componente tibial da
protese®1217.23),

As vantagens te6ricas da prétese unicompartimental, como
menor agressao cirdrgica, manutencao dos ligamentos cruza-
dos e restabelecimento da tensdo dos ligamentos colaterais,
preservando, portanto, a biomecéanica normal do joelho, ndo séo
traduzidas em resultados tdo animadores na pratica clinica®®-.
Esses indices de resultados satisfatdrios inferiores aos da artro-
plastia total Martucci et al.®® e Scott® poderiam ser explicados
pelo aumento das tensfes no fémur distal. O aumento das ten-
sBes no fémur distal fazem com que a resultante das forgas que
passam pelo joelho se desloquem medialmente, concentrando
ainda mais essas for¢as no compartimento femorotibial medial
(Figura 11). Como o componente tibial da prétese unicomparti-
mental apoia-se nas corticais medial, posteromedial e antero-
medial, enquanto que a sua bor-
da lateral apoia-se em 0sso es-
ponjoso, 0 aumento das tensdes
no compartimento medial e a fal-
ta de apoio da borda lateral da
prétese poderiam ocasionar o
afundamento do seu componen-
te tibial, comprometendo os
seus resultados. O mesmo néo
ocorre com a protese total, por-
gue além de gerar menos ten-
sBes no terco distal do fémur, ela
apoia 0 seu componente tibial
em todo o perimetro da cortical
tibial e, possui também, a haste
intramedular agindo com trans-
missor de carga®?.

Righteous

Os melhores resultados ob-
servados nas artroplastias uni-
compartimentais realizadas no
compartimento lateral em rela-
¢cdo ao medial por Insall e
Walker®, Laskin®® e Insall e Agli-
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FIGURA 11: Esquema representativo da distribuicdo de forgas no fémur
distal com o joelho integro, ap6s a colocagéo da protese total e apos a
colocagédo da protese unicompartimental. Setas continuas
correspondem as cargas distribuidas entre os condilos femorais. Setas
tracejadas (F) corresponde a resultante das cargas no fémur distal.

FIGURE 11: Representation of force distribution in the distal femur with
the integer knee, after the placement of the whole prosthesis and after
the placement of the unicompartmental prosthesis. Full arrows
correspond to the loads distributed among the femoral condyles. Dotted
arrows (F) correspond to the resultant of the loads in the distal femur.

ghton et al®, Romagnoli®® and Marmour®® would generate even
greater strains in the distal femur.

Because the anatomy and architecture of the bone trabecu-
lae in the proximal tibia are different from the ones in the distal
femur, the proximal tibia presented a different response after the
placement of the prostheses. In both types of prostheses a sig-
nificant increase of compression appeared in the posteromedial
cortical only. This may be explained by the fact that the main
portion of the load of the proximal tibia crosses the medial porti-
on, according to Burnstein® and the replacement of the whole
tibial plateau or of the medial condylus only, has caused similar
changes in the surface strain of the proximal tibia.

The bone sclerosis under the tibial component of the uni-
compartmental prostheses that were observed by Romagnoli ??
corroborates these findings. Further evidence is given by the
defects of the unicompartmental arthroplasties by subsidence of
the tibial component of the prosthesis®1217:23),

The theoretical benefits of unicompartmental prosthesis, such
as less surgical aggression, maintenance of crossed ligaments
and recovery of the strain in the collateral ligaments, thus preser-
ving the normal biomechanics of the knee, do not translate into
results that are encouraging in the clinical practice®®. The indi-
ces of satisfactory results that are inferior to those in total arthro-
plasty (see Martucci et al*® and Scott®) might be explained by
the increase in the strains in the distal femur. The increase of
strains in the distal femur makes the resultant of the forces cros-
sing the knee to be medially shifted, concentrating such forces
even more in the medial femorotibial compartment (Figure 11).
Since the tibial component of the unicompartmental prosthesis
is supported by the medial, posteromedial and anteromedial
corticals, while its lateral border is supported by spongy bone,
the strain increase in the medial compartment, plus the absence
of support for the side border of the prosthesis could cause the
subsidence of its tibial component, impairing its results. This

does not occur with the total

prosthesis because, besides ge-

nerating fewer strains in the dis-

tal third of the femur, this type of

prosthesis places its tibial com-
! ponent on the whole perimeter of
the tibial cortical, besides the fact
that the intramedullary stem acts
as a load transmitter®,

The better results observed in
unicompartmental arthroplasties
performed in the lateral compart-
ment as compared to the medial
compartment by Insall and
Walker®, Laskin® and Insall and
Agliettl® suggest that these pros-
theses, when placed in sites with
less force transmission, will pre-
sent a better evolution.

Our study suggests that the
new designs of unicompartmen-
tal prostheses should be deve-
loped taking into account this

PUC
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ettl®, sugerem que essas préteses, quando colocadas em lo-
cais onde existe menor transmissdo de forga, apresentam me-
Ihor evolucéo.

Nosso trabalho sugere que os novos desenhos de proteses
unicompartimentais deveriam ser desenvolvidos levando-se em
consideragdo esse aumento das tensdes no compartimento
medial do joelho e abre perspectiva de novos estudos para ava-
liar as alteracdes das deformagOes superficiais por proteses
totais com substituicdo do ligamento cruzado posterior ou pela
presenca das hastes intramedulares femorais e tibiais.

CONCLUSOES

1. A prétese total do joelho mantém o padrdo de distribui-
¢édo das cargas no terco distal do fémur.

2. A prétese unicompartimental, quando colocada no com-
partimento medial do joelho, aumenta as tensfes de compres-
sdo na cortical medial do fémur distal e as tensdes de tragdo na
cortical lateral do fémur distal.

3. Os componentes tibiais (parcial medial e total) aumen-
tam, da mesma forma, as tens6es de compresséo na cortical
postero-medial da tibia.
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