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RESUMO

Introducdo: Coxa brevis é uma deformidade do fémur proximal causada pela
diminuicdo ou auséncia de crescimento da fise da extremidade proximal do fémur,
geralmente causada por necrose avascular condigdo presente nas patologias como
displasia do desenvolvimento do quadril, epifisilise femoral proximal, artrite séptica
ou doenca de Legg-Calvé-Perthes. Diversas cirurgias tem sido propostas para

rebaixar o grande trocanter ou alongar o colo femoral reestabelecendo a anatomia.

Objetivo: comparar atraves de testes mecanicos em modelos 0sseos de poliuretano
a resisténcia a compressao entre duas montagens diferentes de placas para fixacao

osteotomia em “L” do fémur proximal.

Material e Métodos: Foram utilizados modelos anatdmicos de fémur proximal em
poliuretano no qual foi realizado uma osteotomia longitudinal e divididos em dois
grupos sendo um grupo fixado com placa 4,5 DCP 10 furos com quatro parafusos
proximais e trés parafusos distais e um grupo fixado com placa 4,5 DCP 6 furos com
dois parafusos proximais e dois distais. O modelos anatémicos foram submetidos a
teste de flexocompressdo em maquina universal de ensaios mecanicos e foi avaliado

a rigidez relativa e o deslocamento linear.

Resultados: Ao comparar os dois grupos nos ensaios de flexocompressao, o valor
médio da rigidez relativa no grupo 1 fixado com a placa longa foi de 386,17 x10-3 N/m.
No grupo fixado com a placa menor o valor médio da rigidez relativa foi de 261,89 x10
3 N/m. O valor médio do deslocamento linear, observado para uma forca aplicada de
1000 N, no grupo 1 foi de 2,53 x103. No grupo 2 o valor médio do deslocamento linear
foi de 3,49 x103m.

Conclusao: Com base nos parametros analisados nos ensaios de flexocompresséo,
a estabilidade obtida pela fixacdo do grupo 1 com placa de dez furos foi
significativamente maior que a obtida pela fixacdo no grupo 2 com a placa de seis

furos.



Palavras-chaves: fémur; osteotomia; osteotomia em “L”; coxa brevis; doenca de

Legg-Calvé-Perthes; biomecéanica do quadril; cirurgia.



ABSTRACT

Introduction: Coxa brevis is a deformity of the proximal femur caused by a decrease
or absence of growth of the physis of the proximal femur, usually caused by avascular
necrosis present condition in conditions such as developmental dysplasia of the hip,
proximal femoral epiphysiolysis, septic arthritis or disease Legg-Calvé-Perthes
disease. Several surgeries have been proposed to lower the greater trochanter and

femoral neck lengthening reestablishing the anatomy.

Objective: To compare the mechanical tests by polyurethane in bone models the
compressive strength of two different assemblies of plates for fixing osteotomy "L" of

the proximal femur.

Material and Methods: We used anatomical models of the proximal femur
polyurethane which underwent an osteotomy longitudinal and divided into two groups
with one group fixed with 4.5 DCP plate 10 holes with four screws proximal and three
distal screws and fixed with a group 4.5 DCP plate 6 holes with two proximal and two
distal screws. The anatomical models were tested for flexo in mechanical universal

testing machine and was evaluated relative stiffness and linear movement.

Results: By comparing the two groups in flexo tests, the average value of the relative
stiffness in group 1 set with the long plate was 386.17 x10-3 N / m. In the group with
the smaller plate fixed average value of the relative stiffness was 261,89 x10-3 N / m.
The average linear displacement observed for an applied force of 1000 N in group 1

was 2.53 x10-3. In group 2, the mean value of linear displacement was 3.49 x 10-3m.



Conclusion: Based on the parameters measured in the tests flexo, stability obtained
by fixing the first group with a plate of ten holes was significantly higher than that

obtained by fixing the second group with six holes of the plate.

Keywords: femur; osteotomy, osteotomy "L"; coxa brevis; Legg-Calvé-Perthes

disease, hip biomechanics, surgery.
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INTRODUCAO

A articulacdo do quadril € muito importante na manutencdo da postura do
individuo e para sua locomoc¢ao. A articulagdo € formada pela por¢do proximal do
fémur - cabeca femoral e grande trocanter e pelo acetabulo e qualquer alteracdo na

anatomia desses 0ssos repercute em forcas mecanicas anormais na articulacéo?2.

Coxa brevis € uma deformidade do fémur proximal causada pela diminui¢do ou
auséncia de crescimento da fise (placa de crescimento) da extremidade proximal do
fémur, geralmente causada por necrose avascular 2 condicdo presente nas
patologias como displasia do desenvolvimento do quadril, epifisidlise femoral proximal,

artrite séptica ou doenca de Legg-Calvé-Perthes.

Uma vez em que o colo femoral curto e a posicéo elevada do apice do grande
trocanter (figura 1) séo as principais caracteristicas dessa condicdo *°, causando um
desequilibrio na biomecéanica do quadril e como consequéncias da coxa brevis
podemos citar o encurtamento do membro inferior afetado, fraqueza da musculatura
abdutora (gluteo médio e minimo) e como sintomatologia clinica teremos a marcha de

Trendelenburg.®’
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Figura 1- representagédo anatomica de um quadril normal e de um quadril com coxa
brevis.

Diversas técnicas tém sido propostas para o tratamento da coxa brevis como a
epifisiodese do grande trocanter, osteotomia com rebaixamento e lateralizacdo do
grande trocanter.®® No entanto, todas as técnicas, visando corrigir apenas a falta de

tensao da musculatura abdutora.

Papavasiliou et al *° publicaram em 1997 uma técnica de osteotomia do fémur
proximal que corrigia simultaneamente a falta de tensdo da musculatura abdutora,
corrigia 0 encurtamento e melhorava a congruéncia articular (figura 2). Entretanto o
método de fixagcdo da osteotomia consistia no uso de uma placa metélica de

osteossintese fixada com dois parafusos proximais e dois parafusos distais.
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Entretanto tal fixagdo ndo possuia grande estabilidade, necessitando de

aparelho gessado adicionalmente por seis semanas até a consolidacdo da

osteotomia.

Figura 2 - Técnica cirtrgica descrita por Papavasiliou et al 1°: a) coxa brevis; b) fixacdo

da placa com dois parafusos distais; c) osteotomia longitudinal fémur proximal; d-e)

deslizamento da osteotomia do fémur; f-g) fixacdo com dois parafusos proximais.
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Em 2009 Ching-Lung Tai et al %, publicaram um estudo em que através da
analise de elementos finitos e com férmulas matematicas, constataram que
aumentando o numero de parafusos na fixacdo da porcao proximal da osteotomia e
limitando a extensdo da osteotomia levaria a um aumento da estabilidade durante o

periodo pds-operatorio (figura 3).

Figura 3- desenho mostrando o comprimento da osteotomia e quantidade de
parafusos proposto por Ching-Lung Tai et al ! através de andlise de elementos finitos
e calculos matematicos.

Em grande parte, o sucesso dos procedimentos mdultiplos que envolvem
cirurgias Osseas depende da obtencdo de fixacdo rigida dos segmentos
osteotomizados, o que possibilita movimentacéo e descarga de peso precoces %°.

Nossa hipétese € que se utilizarmos uma placa mais longa e aumentando a
guantidade de parafusos proximais e distais, estaremos aumentando a estabilidade

da fixacdo da osteotomia, evitando a necessidade de utilizacdo de aparelho gessado
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apos a cirurgia. O objetivo desse estudo é comparar através de testes mecanicos em
modelos 6sseos de poliuretano a resisténcia a compressdo de duas montagens

diferentes de placas para fixagado osteotomia em “L” do fémur proximal.
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OBJETIVOS

Comparar, através de testes mecanicos em modelos 6sseos sintéticos, a
resisténcia a compressao entre a montagem para fixagao da osteotomia em “L” do
fémur proximal com uma placa de seis furos fixada com dois parafusos proximais e
dois distais e outra fixagdo com uma placa de dez furos fixada com quatro parafusos

proximais e trés distais.
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MATERIAIS E METODOS

Modelos Osseos

Foram utilizados modelos anatdomicos de fémur proximal em poliuretano tipo
2220 —Synbone, Malans-Swiss. Escolhemos usar 0sso sintético (Synbone) em nosso
estudo ao invés de osso de cadaver, pois com 0 0sso sintético poderemos ter certeza
de que estaremos trabalhando com amostras uniformes em relacdo a consisténcia,
geometria e propriedades mecéanicas'? e constando em Vvarios trabalhos na

literatural# 15 16,

Figura 4- Modelo artificial de fémur marca Synbone® com marcacéo para a
osteotomia em “L".
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Procedimento Cirargico

Foi realizado uma osteotomia no plano sagital desde a fossa trocantérica e na
linha média da face anterior do fémur em direcao distal até 126mm no eixo longitudinal
do fémur utilizando uma serra oscilante Powerdrive — Synthes. Foi realizado

deslizamento do fragmento proximal em 20 mm cranialmente.

Figura 5- serra oscilante para realizacdo da osteotomia.
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Figura 6- instrumental para fixacdo dos implantes ap0s a realizacdo da osteotomia.
(A- guia DCP para broca; B- broca 3,2mm; C- trifina; D- chave sextavada; E —

medidor para parafusos).

Método de Fixacao

Foram formados dois grupos, cada um com 15 (quinze) unidades de 0sso
sintetico: um grupo fixado com placa de compressao dinamica (DCP) 4,5 mm de dez
furos e com quatro parafusos proximais e trés parafusos distais denominado GRUPO
1, fixados através da perfuragdo com broca 3,2 mm e parafusos 4,5 mm com
comprimento suficiente para alcancar a cortical lateral e medial e outro grupo fixado

com placa DCP com seis furos e dois parafusos proximais e dois distais denominado
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GRUPO 2, fixados através da perfuracdo com broca 3,2 mm e parafusos 4,5 mm com

comprimento suficiente para alcancar a cortical lateral e medial.

Figura 7 — modelos 6sseos do fémur proximal apds a realizacdo da

osteotomia em "L” divididos em dois grupos de acordo com a fixagao.
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Figura 8 — Rx dos modelos 6sseos apos a osteotomia e fixados com placa do

Grupo 1 e Grupo 2.

Ensaios mecanicos

Para a realizacdo dos ensaios mecanicos de compressdo foi utilizada a

maquina universal de ensaios mecanicos do LABELO - Laboratorios Especializados

em Eletro-Eletrénica, Calibracdo e Ensaios — PUCRS.

Os modelos foram submetidos a teste de compressdo na maquina universal de

ensaios mecanicos EMIC DL-10000, acoplada a um microcomputador e a uma célula
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de carga de 200 kgf. Foi utilizado o software Tesc versao 3.04 para a programacao

dos parametros estipulados para o ensaio.

Suportes metalicos foram confeccionados para a perfeita adaptacao das pecas
a maquina de ensaios durante a aplicacdo das cargas. As pecas foram posicionadas
com aducéo de 11° no plano frontal, para simular a inclinagdo do eixo mecénico do
fémur na posicédo ortostatica®’. Apés o posicionamento adequado, as pecas foram
submetidas a cargas que aumentadas progressivamente com velocidade de 01
milimetro por segundo (mm/seg), mensuradas por meio de graficos analdgicos
medidos em quilograma-forca (kgf), até o ponto de falha mecanica, que foi definida
como uma alteracédo da forma no grafico de forca versus falha mecéanica. As falhas
observadas durante os ensaios ocorridas no 0sso (fratura) ou nos parafusos proximais

das placas (soltura) e serdo devidamente anotadas e analisadas estatisticamente.

A forca foi aplicada verticalmente na porcao superior das cabecas femorais dos
conjuntos através de um dispositivo metalico em forma de cupula acoplado a célula

de carga, com o intuito de promover uma distribuicdo mais homogénea da carga.

A maquina universal de ensaios foi programada com 0s seguintes comandos:

1. Descer com velocidade constante de 0,1 mm/s até atingir a forca de 30 N, estipulada

como pré-carga (acomodacado do sistema).
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2. Zerar o deslocamento registrado e reiniciar a descida com a velocidade constante
de 0,1 mm/s até o limite maximo de forca de 1000 N ou deslocamento linear maximo
de 10,0 mm, quando o experimento foi dado por encerrado.

Os parametros utilizados nos ensaios de compressao para comparacgao entre
as duas montagens foram rigidez relativa encontrada até a aplicacéo da forca de 1000
N e o deslocamento linear acusado nesta situacao.

Os ensaios foram realizados a temperatura ambiente.
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ANALISE ESTATISTICA

As variaveis foram descritas por média, desvio padrédo, mediana e amplitude de
variagdo e foram comparadas entre os grupos pelo teste t-student para amostras
independentes. Para estimar a magnitude do efeito na populacéo, o intervalo de 95%

de confianca foi calculado.

O nivel de significancia estatistica foi de 5% (p<0,05) e as andlises foram

realizadas no programa SPSS versao 21.0.
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RESULTADOS

Nos ensaios de flexocompresséo, o valor médio da rigidez relativa no grupo 1
fixado com a placa longa foi de 386,17 x103 N/m. No grupo fixado com a placa menor
o valor médio da rigidez relativa foi de 261,89 x10° N/m. A média, desvio padréo,
valor minimo, mediana e valor maximo da rigidez relativa estdo mostrados na tabela
1. Os dados relativos a rigidez relativa encontrados nos ensaios de flexocompresséao

estao representados na figura 8.

Rigidez relativa (x10% N/m)

Grupos Média Desvio Minimo Mediana Maximo
Padréo

1 386,17 56,75 280,13 398,02 444,95

2 261,89 35,50 218,60 272,48 294,12

Tabela 1 — Tabela descritiva dos dados da variavel rigidez relativa encontrados nos

ensaios entre o grupo 1 e o grupo 2.
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Figura 9- Representacdo grafica dos valores de rigidez relativa encontrados nos
ensaios de flexocompressao segundo o tipo de fixacdo dos grupos 1 e 2. Os valores
estdo representados por circulos e as médias estdo representadas por tracos

horizontais.
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O valor médio do deslocamento linear, observado para uma forga aplicada de
1000 N, no grupo 1 foi de 2,53 x10-3. No grupo 2 o valor médio do deslocamento linear
foi de 3,49 x103m. A média, desvio padréo, valor minimo, mediana e valor maximo do
deslocamento linear estdo mostrados na tabela 2. Os dados relativos ao
deslocamento linear encontrados nos ensaios de flexocompressdo estédo

representados na figura 10.

Deslocamento Linear (mm)

Grupos Média Desvio Minimo Mediana Maximo
Padréo

1 2,53 0,49 2,03 2,36 2,70

2 3,49 0,42 2,83 3,46 3,80

Tabela 2 — Tabela descritiva dos dados da variavel deslocamento linear
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Figura 10 - O valor médio do deslocamento linear, observado para uma forca aplicada
de 1000 N, no grupo 1 foi de 2,53 x103. No grupo 2 o valor médio do deslocamento

linear foi de 3,49 x103m.

Houve diferenca estatistica significativa (p<0,001) entre o grupo 1 e o grupo 2
fixado com placa onze furos e seis furos respectivamente, em relacdo aos parametros

rigidez relativa e deslocamento linear nos ensaios de flexocompresao (Tabela 3).
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Medida Grupo  Meédia Diferenca IC 95%
media LI LS p-valor
Rigidez Relativa 1 386,17 1243 88,9 159,7 <0,001
2 261,89
Deslocamento 1 2,53 -0,97 -1,31 -0,63 <0,001
linear
2 3,49

IC 95%-=intervalo com 95% de confianca; LI=Limite inferior; LS=Limite superior

Tabela 3 — tabela descritiva intervalo de confiancga.

Com base nos parametros analisados nos ensaios de flexocompressao, a

estabilidade obtida pela fixacgdo do grupo 1 com placa de dez furos foi

significativamente maior que a obtida pela fixacdo com a placa de seis furos.
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DISCUSSAO

Um modelo sintético de osso foi escolhido devido a dificuldade para obtencéo
de amostras de 0ssos humanos. Estes modelos tém sido empregados em estudos
biomecénicos de implantes devido a consisténcia entre as amostras e sua minima
variabilidade de tamanho e propriedades fisicas. 141516

A utilizacdo de ensaios mecanicos permite quantificar as diferencas entre as
montagens de maneira a reproduzir situacdes de carga. Os parametros estabelecidos
para a realizacdo dos ensaios mecéanicos de flexocompressédo tiveram base nas
estimativas das forcas que atuam no plano frontal na fase de apoio monopodal.

Estudos indicam que a forca de reacdo que atua sobre a cabeca femoral pode
corresponder a valores de 3,08 vezes o peso corporal /. Em um calculo simplificado
poderiamos estimar que uma crianca de 10 anos, cujo peso esta em torno de 31 a 32
kg segundo as curvas de crescimento da OMS 8, resultaria em uma forca entre 955
e 985 N. Portanto, utilizar um valor de 1000N para a carga maxima nos ensaios de
flexocompresséo pareceu-nos razoavel como estimativa das forcas em uma situacéo
de apoio monopodal.

Quando os conjuntos modelo 6sseo e haste e modelo 6sseo e placa foram
submetidos aos ensaios mecanicos que utilizaram os parametros acima descritos,
foram encontrados resultados de rigidez relativa significativamente maiores nas
montagens que utilizaram placas, tanto para os testes de flexocompressao, quanto

para os testes de torcao.
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CONCLUSAO

Com base nos parametros analisados nos ensaios de flexocompresséo, a
estabilidade obtida pela fixacdo do grupo 1 com placa de dez furos e quatro parafusos
proximais e trés distais foi significativamente maior que a obtida pela fixagdo no grupo
2 com a placa de seis furos e dois parafusos proximais e dois distais.
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ABSTRACT

Introduction: Coxa brevis is a deformity of the proximal femur caused by a decrease
or absence of growth of the physis of the proximal femur, usually caused by avascular
necrosis present condition in conditions such as developmental dysplasia of the hip,
proximal femoral epiphysiolysis, septic arthritis or disease Legg-Calvé-Perthes
disease. Several surgeries have been proposed to lower the greater trochanter and

femoral neck lengthening reestablishing the anatomy.

Objective: To compare the mechanical tests by polyurethane in bone models the
compressive strength of two different assemblies of plates for fixing osteotomy "L" of

the proximal femur.

Material and Methods: We used anatomical models of the proximal femur
polyurethane which underwent an osteotomy longitudinal and divided into two groups

with one group fixed with 4.5 DCP plate 10 holes with four screws proximal and three
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distal screws and fixed with a group 4.5 DCP plate 6 holes with two proximal and two
distal screws. The anatomical models were tested for flexo in mechanical universal

testing machine and was evaluated relative stiffness and linear movement.

Results: By comparing the two groups in flexo tests, the average value of the relative
stiffness in group 1 set with the long plate was 386.17 x10-3 N / m. In the group with
the smaller plate fixed average value of the relative stiffness was 261,89 x10-3 N / m.
The average linear displacement observed for an applied force of 1000 N in group 1

was 2.53 x10-3. In group 2, the mean value of linear displacement was 3.49 x 10-3m.

Conclusion: Based on the parameters measured in the tests flexo, stability obtained
by fixing the first group with a plate of ten holes was significantly higher than that

obtained by fixing the second group with six holes of the plate.

Keywords: femur; osteotomy, osteotomy "L"; coxa brevis; Legg-Calvé-Perthes

disease, hip biomechanics, surgery.

INTRODUCTION

The hip joint is very important in maintaining the posture of the individual and to

his mobility aid. The joint is formed by the proximal portion of the femur-great trochanter
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and femoral head and the acetabulum and any changes in the anatomy of these bones

has in abnormal mechanical forces in*? joint.

Thigh brevis is a deformity of the proximal femur caused by the reduction or
absence of Physeal growth (growth plate) of the proximal end of the femur, usually
caused by '? condition avascular necrosis in diseases such as developmental
Dysplasia of the hip, femoral proximal epiphysiolysis, septic arthritis or Legg-Calvé-

Perthes.

A time in which the femoral neck short and high position of great trochanter
(Figure 1) are the main features of this condition 4 5 causing an imbalance in the
Biomechanics of the hip and thigh brevis consequences as we mention the affected
lower limb shortening, weakness of the abductor muscles (gluteus medius and

minimum) and as clinical symptoms will have the Trendelenburg gait.5”’



39

‘ / ) . J
| // ‘ /.
- / — { .
//j “‘/ Normal hip : /_,_ -"/ Coxa brevis
) ) » )/
z X ] / LA\
- -/' e {,_\‘ - ,-V—/ ' \

N
J

4=
Iy ) \'
\_./

Figure 1 -anatomical representation of a normal hip and hip with thigh brevis.

Several techniques have been proposed for the treatment of thigh brevis as the
great trochanter epiphysiodesis, osteotomy with relegation and lateralization of the

great trochanter.8°however, all techniques to fix just the abductor muscle power failure.

Papavasiliou et al 1° published in 1997 a proximal femur osteotomy technique
that simultaneously addressed the abductor muscle power failure, rectify the
shortening and improved joint congruity (Figure 2). However the osteotomy fixation
method consisted in the use of a metal plate secured with two screws osteosynthesis

of proximal and two distal screws.

However such non-possessed great stability, requiring casting Additionally for

six weeks until the consolidation of the osteotomy.
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Figure 2 - Surgical technique described by Papavasiliou et al % a) thigh brevis; b)

plate fixation with two distal screws; c) longitudinal proximal femur osteotomy; d-e)

sliding femoral osteotomy;f-g) with two screws proximal.

In 2009 Ching-Lung Tai et al 1, published a study in which through finite element

analysis and mathematical formulas, found that increasing the number of screws for
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fixation of proximal osteotomy and limiting the extent of the osteotomy increased

stability during the postoperative period (Figure 3).

Figure 3 -drawing showing the length of osteotomy and screw quantity proposed by

Ching-Lung Tai et al ** through finite element analysis and mathematical calculations.

In large part, the success of multiple procedures involving bone surgery
depends on the production of rigid fixation of the osteotomizados segments, allowing
for handling and disposal of early weight 2°.

Our hypothesis is that if we use a longer Board and increasing the amount of
proximal and distal screws, we will be increasing the stability of the osteotomy fixation,

avoiding the need to use plaster cast after surgery. The aim of this study is to compare
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through mechanical tests on bone polyurethane models compressive strength of two

different mounts mounting plate "L" osteotomy of proximal femur.

GOALS

Compare, through mechanical tests on synthetic bone models, compressive
strength between for bracketing of "L" osteotomy of proximal femur with a six-hole plate
fixed with two screws proximal and two distal and another fixation with a plate of ten

holes fixed with four screws proximal and distal three.
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MATERIALS AND METHODS

Bone Models

Anatomical models were used of proximal femur in 2220-type polyurethane
Synbone, Malans-Swiss. We chose to use synthetic bone (Synbone) in our study
instead of cadaver bone, because with the synthetic bone we can be sure that we will
be working with uniform samples in relation to consistency, geometry and mechanical

properties!? and consisting in several papers in the literature!4 15 16,

Figure 4- Artificial femur Model Synbone® brand with markup for the "L" osteotomy.
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Surgical Procedure

Was an osteotomy in the sagittal plane since the trochanteric fossa and the
anterior midline of the femur distal direction up to 126 mm in the longitudinal axis of
the femur using an oscillating saw Powerdrive-Synthes. Proximal fragment slip was

performed in 20 mm cranially.

Figure 5 -oscillating saw to completion of the osteotomy.
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Figure 6 -for attachment of the implants after the completion of the osteotomy. (The

DCP Guide to drill; B-drill 3 mm; C-trifina; D-hex wrench; And-meter for screws).

Fixing method

Two groups were formed, each with 15 (fifteen) bone sintetico units: a group
fixed with dynamic compression plate (DCP) 4.5 mm of ten holes and with four screws
proximal and distal screws three called GROUP 1, fixed by drilling with drill 3.2 mm
and 4.5 mm screws with sufficient length to reach the lateral and medial cortex and
another group set with DCP plate with six holes and screws proximal and two distal
named GROUP 2, fixed by drilling with drill 3.2 mm and 4.5 mm screws with sufficient

length to reach the lateral and medial cortex.



Figure 7 -bone models of proximal femur after "L" osteotomy divided into two

groups according to the setting.
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Figure 8 -Rx bone models after the osteotomy and fixed with 1 Group Board

and Group 2.

Mechanical tests

For the realization of the mechanical tests of compression was used the

universal mechanical tests of LABELLUM-specialized laboratories in Electro-

electronics, calibration and tests — PUCRS.
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The models were subjected to compression test on a universal mechanical tests
EMIC-DL 10000, coupled to a microcomputer and a load cell of 200 kgf. We used

the Tesc softwareversion 3.04 for programming of the parameters set for the test.

Metal stands were made for the perfect adaptation of the test machine parts
during the application of loads. The pieces were positioned with adduction of the 11th
front plane, to simulate the femur mechanical axis tilt in orthostatic position?. After
proper placement, the specimens were subjected to loads which increased
progressively with 01 mm per second speed (mm/sec), measured by means of analog
graphics measured in kilogram-force (kgf), to the point of mechanical failure, which
was defined as a shape on the graph of force versus mechanical failure. The failings
observed during tests that occurred in the bone (fracture) or proximal plate screws

(release) and will be duly noted and analyzed statistically.

The force was applied vertically on the upper portion of the femoral heads
through a dome-shaped metal device attached to the load cell, in order to promote a

more homogeneous distribution of the load.

The universal testing machine was programmed with the following commands:

1. Down with constant speed of 0.1 mm/s until the force of 30 N, stipulated as preload

(bed).
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2. Reset the offset registered and restart the descent with the constant speed of 0.1
mm/s until the maximum force of 1000 N or linear displacement up to 10.0 mm, when
the experiment was given by.

The parameters used in the compression test for comparison between the two
assemblies were relative rigidity found in up to 1000 N force application and the linear
displacement accused in this situation.

The tests were carried out at room temperature

STATISTICAL ANALYSIS

The variables were described by mean, standard deviation, median and range
of variation and were compared between groups by t-student test for independent
samples. To estimate the magnitude of the effect on the population, the 95%

confidence interval was calculated.

The statistical significance level was 5% (p<0.05) and the analyses were

performed in the program SPSS version 21.0.
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In flexo-compression tests, the average value of relative rigidity in Group 1 set

with long Board was 386.17- x 10 N/m. The Group fixed with the plate lower average

value of relative stiffness was 261.893 x 10 N/m. The mean, standard deviation,

minimum, median and maximum value of the relative rigidity are shown in table 1. The

relative stiffness data found in flexo-compression test are represented in Figure 8.

Relative rigidity (x 103 N/m)

Groups Average Standard Minimum Median Maximum
Deviation

1 386.17 56.75 280.13 398.02 444,95

2 261.89 35.50 218.60 272.48 294.12

Table 1 -Descriptive Table of variable stiffness on data found in the tests between the

Group 1 and group 2.
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Figure 9 -Graphical representation of the relative stiffness values found in flexo-
compression tests according to the type of groups 1 and 2. Values are represented

by circles and the averages are represented by dashes.
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The average value of the linear displacement, noted for a force 1000 N, applied

in Group 1 was 2.53 x 103, In Group 2 the average value of the linear displacement

was 3.49 x 10°3m. The mean, standard deviation, minimum, median and maximum

value of the linear displacement are shown in table 2. Linear displacement data found

in flexo-compression test are represented in Figure 10.

Linear displacement (mm)

Groups Average Standard Minimum Median Maximum
Deviation

1 2.53 0.49 2.03 2.36 2.70

2 3.49 0.42 2.83 3.46 3.80

Table 2 -Descriptive variable data Table linear displacement
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Figure 10 -The average value of the linear displacement, noted for a force 1000 N,
applied in Group 1 was 2.53 x 103. In Group 2 the average value of the linear

displacement was 3.49 x 10-3m.
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There was a statistically significant difference (p < 0.001) between group 1 and
group 2 set with eleven holes and six holes respectively, in relation to the relative

rigidity and linear displacement parameters for flexocompreséo (table 3).

Measure Group Average Average IC 95%
difference
LI LS p -value
Relative Stiffness 1 386.17 124.3 88.9 159.7 <0.001
2 261.89
Linear 1 2.53 -0.97 -1.31 -0.63 <0.001

displacement

2 3.49

IC 95% = range with 95% confidence; LI = lower bound; LS = upper limit

Table 3- descriptive confidence interval table.

On the basis of the parameters analyzed for flexo-compression, stability
obtained by fixing the Group 1 with ten holes was significantly greater than the obtained

by fixing with the six holes.
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DISCUSSION

A synthetic model of bone was chosen due to the difficulty to obtain samples of
human bones. These models have been used in biomechanical studies of implants
due to the consistency between the samples and minimum size variability and its
physical properties. 14 1516

The use of mechanical tests allows to quantify the differences between the
mounts to make load situations. The parameters established for flexo-compression
mechanical essays were the basis of the estimates of the forces acting in the frontal
stance phase with Mono.

Studies indicate that the reaction force that acts on the femoral head may
correspond to values of 3.08 times the body weight *’. In a simplified calculation could
estimate that a 10-year-old child, whose weight is around 31 to 32 kg according to the
growth curves of who, would result in a force between 955 and 985 N. Therefore, use
a value of 1000N for the maximum load in flexo-compression test seemed reasonable

to us as estimate of the forces in a situation of Mono support.
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When the bone model sets and stem and bone and plate model were subjected
to mechanical tests that used the parameters described above, were found on
significantly higher stiffness results in mounts that used plates, both for the flexo-

compression, and torsion tests.

CONCLUSION

On the basis of the parameters analyzed for flexo-compression, stability
obtained by fixing the Group 1 with ten holes and four screws proximal and distal three
was significantly greater than the obtained by fixing in Group 2 with six holes and

screws proximal and two distal.
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