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RESUMO

Devido ao crescente uso dos enxertos homélogos humanos
(aloenxertos) nas cirurgias ortopédicas reconstrutivas, ha a ne-
cessidade do completo conhecimento de suas caracteristicas
biomecénicas e histoldgicas. Este estudo compara, quanto as
caracteristicas histoldgicas, os enxertos de cadaver colhidos de
condilo femoral a fresco, aos criopreservados a menos 80° C
por trinta dias.

Sao comparados vinte espécimes em cada grupo, quanto
aos seguintes parametros histolégicos: viabilidade celular, pre-
senga de vascularizagdo, necrose, manutengdo da matriz 6s-
sea, processo inflamatério, remodelagao 6ssea e fibrose.

Apds analise estatistica utilizando o método de Fisher
(p<0,05), 0 estudo conclui que apenas a viabilidade celular apre-
senta mudanca significativa apés a criopreservagao.

Os enxertos 6sseos ndo necessitam de células viaveis para
sua utilizagdo. Logo, o processo de criopreservagéo é um mé-
todo Util para o armazenamento dos aloenxertos em bancos de
tecidos nao inviabilizando seu emprego futuro nas cirurgias or-
topédicas.

Descritores: Aloenxerto; Histologia; Criopreservacao.

INTRODUCAO

Os enxertos de 0ssos autdlogos, homdlogos e sintéticos tém
desempenhado importante papel na cirurgia ortopédica recons-
trutiva ha algum tempo. Conhecer as caracteristicas bioldgicas
e biomecénicas destes materiais € de suma importancia para
seu emprego adequado(371012),

Os enxertos autélogos, embora tenham propriedades biolo-
gicas ideais na maioria dos casos, apresentam limitacdo quan-
to a quantidade possivel de ser retirada, principalmente em si-
tuagdes que requeiram um grande volume de enxerto, como
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SUMMARY

Due to the increasing use of the human allografts in the re-
constructive orthopedic surgeries, the complete knowledge of
its biomechanics and hystologics characteristic is needed. This
study compared allografs picked of femoral condilar from cool
air cadavers and after cryopreservation (under -80°C) for thirty
days with relationship to the hystologic ‘s characteristic.

Twenty specimens were compared in each group, with relati-
onship to the following hystologic’s parameters: cellular viability,
vascularization presence, necrosis, and maintenance of the bony
matrix, inflammatory process, bony remodelation and fibrosis.

After statistical analysis using the Fisher's method(p< 0,05),
the study concluded that only the cellular viability had significant
change after the cryopreservation.

The bony grafts don’t need viable cells for being used, so the
cryopreservation process is an useful method for the allografts ‘s
tissue bank storage, not making unfeasible its future employment
in orthopedic surgeries.

Key words: Allograft; Histology; Cryopreservation.

INTRODUCTION

Autologous, homologous, and synthetic grafts play an impor-
tant role in reconstructive orthopedic surgery for some time now.
In order to employ them properly, it is fundamental to know the

biological and biomechanical characteristics of such materials
(3,7,10,12)

Although in most cases allografts have optimal biological pro-
perties, they show certain limitations as to the possible amount
to be removed, mainly in situations requiring a large graft volu-
me, such as in hip revision arthroplasties and reconstructive on-

Work Performed at School of Medicine of University Sao Paulo, Tissue Bank - Sao
Paulo - SP - Brazil.

1 - Resident - IOTHCFMUSP.

2 - Associate Professor, FMUSP, Head of Artroplastly Group and Tissue Bank -
IOTHCFMUSP.

3 - Associate Professor FMUSP, Head of Geriatric, Oncological and Reconstructive
Orthopedics - IOTHCFMUSP.

4 - Head of Patology’s Service - IOTHCFMUSP.

Address: Rua Ovidio Pires de Campos 333, Banco de Tecidos do IOTHCFMUSP, 1°.
Andar CEP 05403-010 - Sao Paulo - SP - E.mail: croci@usp.br.

ACTA ORTOP BRAS 11(4) - OUT/DEZ, 2003



nas revisdes de artroplastias de quadril e cirurgias oncolégicas
reconstrutivas. Os substitutos dsseos (hidroxiapatita, sulfato de
célcio, etc.) encontram-se em fase experimental, quanto as suas
propriedades biomecanicas, de osteointegragdo e osteoindu-
¢ao, nao sendo ainda uma alternativa definitiva®.

Logo, o enxerto homélogo (aloenxerto) surge como boa
opcéo. Apds o advento dos bancos de tecidos, ampliagédo e
melhora das técnicas de preservagdo, aumentaram as disponi-
bilidades dos aloenxertos, o que vem de encontro as diversas
necessidades ortopédicas®',

Por ser preparado previamente ao procedimento da enxer-
tia, o aloenxerto contribui de forma relevante na redugao da
morbidade cirlrgica e melhoria dos resultados finais, devido a
reducdo do tempo cirdrgico e de isquemia (quando se utiliza o
torniquete).

As desvantagens dos aloenxertos envolvem o risco da trans-
miss&o de doengas e o potencial de antigenicidade, complica-
¢Oes estas que podem ser controladas por meio dos métodos
de congelamento e armazenamento. O risco infeccioso pode
ser diminuido por meio de testes soroldgicos dos doadores,
descarte de material que produza cultura bacteriolégica positi-
va, manipulagéo do enxerto sob condi¢des assépticas e esteri-
lizagao, seja por radiagao ou oxido de etileno@%61,

O potencial imunogénico altera-se conforme o preparo re-
cebido pelos enxertos. Os enxertos frescos causam reagoes
imunes inaceitaveis a sua aplicagao clinica. O congelamento
destes diminui de forma consideravel esta resposta imune do
hospedeiro, preservando as propriedades biomecénicas e os-
teoindutivas do enxerto. A associagdo de congelamento e desi-
dratagéo, como na liofilizacéo, diminui ainda mais a resposta

imune, porém as custas de alteragbes biomecéanicas indeseja-
VeiS(2‘4’8‘9'15).

Em nosso servico o método de armazenamento é realizado
pela criopreservagao a menos 80° C, sendo o processamento
realizado sob assepsia.

Alguns estudos mostram que a analise histoldgica do teci-
do captado é um passo imprescindivel na selegdo dos enxer-
tos, visto que, mesmo sem histéria clinica prévia, os exames
laboratoriais apontaram até 8% de achados histopatolégicos de
relevancia que podem contra-indicar sua utilizagdo. Dentre os
achados estdo: a condrocalcinose, a necrose avascular, o oste-
oma, o linfoma, o condrossarcoma e a doenga de Paget('®.

OBJETIVOS

O objetivo deste estudo é analisar comparativamente as al-
teragOes histologicas do aloenxerto de fémur distal de cadaver
humano, apds criopreservagdo a menos 80° C, em relagédo a
um grupo controle conservado a 4° C.

MATERIAL E METODO

Foram estudados 40 enxertos de fémur distal, retirados de
20 cadaveres com idades entre 20 e 40 anos, sendo 20 fémures
direitos e 20 esquerdos, provenientes do Servico de Verificagao
de Obitos (SVO). Os cadaveres foram os néo reclamados no
SVO, mantidos por 48 horas a 4°C.

Os enxertos foram retirados através de pequena inciséo so-
bre o cdndilo femoral lateral, com uma trefina de um centimetro
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cological surgeries. Bone substitutes (such as hydroxyapatite,
calcium sulfate, and others) are not yet definite alternatives, sin-
ce their biomechanical features and their osteointegration and
osteoinduction properties are still subject to experimental verifi-
cation ™,

Therefore, the homologous graft (allograft) emerges as a good
option. The advent of tissue banks and the higher variety and
improvement of preservation techniques increased the availabili-
ty of allografts, which greatly benefits the various orthopedic ne-
eds ©19,

Since they are prepared previously to the grafting process,
allografts make an important contribution in the reduction of sur-
gical morbidity and the improvement of outcomes, due to the
reduction in surgical time and ischemia (when a tourniquet is
employed).

Allografts have the disadvantage of involving complications
such as the risk of transmitting diseases, plus an antigenicity
potential, although this may be controlled by freezing and stora-
ge methods. The infection risk may be reduced by serologically
testing the donators, discarding any material that might produce
positive bacteriological culture, and handling the grafts under
aseptic conditions or by sterilization using either radiation or ethy-
lene oxide (5677,

The immunogenic potential changes according to the me-
thod used to prepare the grafts. Fresh grafts will cause immune
reactions that are unacceptable to their clinical application. Graft
freezing decreases significantly this immune response from the
host, since it preserves the biomechanical and osteoinductive
properties of the graft. Similarly to lyophilization, the association
of freezing and dehydration reduces the immune response even
more, although at the expense of adverse biomechanical chan-
ges 248919,

In our Service, the storage method consists of cryopreser-
ving the material at minus 80 °C, with the processing being per-
formed under aseptic conditions.

Several studies have shown that histological analysis of
the collected tissue is a pivotal step in the selection of grafts,
since that, even with no previous clinical history, laboratory tests
indicated as much as 8% of relevant histopatologic findings that
might contraindicate its use. Such findings include chondrocal-
cinosis, avascular necrosis, osteoma, lymphoma, chondrosar-
coma and Paget’s disease 9.

OBJECTIVES

The objective of this study is to comparatively analyze
histological changes found in distal femur allografts of human
cadavers after cryopreservation at minus 80 °C versus a control
group kept at 4 °C.

MATERIAL AND METHOD

We studied 40 distal femur grafts taken from 20 cadavers in
the 20-40 years age group; 20 were right femurs and 20 were left
femurs provided by the Death Verification Service (Servigo de
Verificagao de Obitos, SVO). All cadavers were unclaimed corp-
ses maintained at the SVO at 4 °C for 48 hours.

The grafts were withdrawn through a small incision made on
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de diametro, a dois centimetros de distancia da superficie arti-
cular. Ap6s identificagao, as pegas foram envoltas em compres-
sas umedecidas em solugao fisiolégica e embaladas em sacos
plasticos para transporte do SVO até o Laboratério de Anato-
mia Patolégica e ao Banco de Tecidos.

Das 40 pecas obtidas, 20 foram destinadas ao estudo histo-
l6gico imediato (grupo A) e as restantes (Grupo B) foram envia-
das ao Banco de Tecidos para a criopreservagado. Cada cada-
ver tem sempre uma peca em cada um dos Grupos, e os lados
direito e esquerdo foram divididos de maneira alternada. As 20
pecas do Grupo B, destinadas ao Banco de Tecidos, foram acon-
dicionadas em embalagens seladas de polietileno de 0,5 um,
com tripla protecao e mantidas sob congelamento a menos 80°
C em freezer vertical elétrico modelo SANYO MDF U3086S, com
backup de CO2, controle de manutengao de temperatura por
monitoracéo gréfica e valvula de alarme interior, conectado a
sistema de alarme externo para temperaturas superiores a me-
nos 40° C e mantidas sob estas condicdes por 30 dias.

Todos os espécimes foram analisados no Servico de Anato-
mia Patolégica de nosso Departamento.

A preparagédo de cada uma das pecas seguiu a seguinte
metodologia:

1) Fixacdo em formol a 10% por 24 horas.

2) Descalcificagdo em acido nitrico a 7,5% por 24 horas.
3) Processamento tecidual em aparelho histotécnico.

4) Trés cortes histologicos de cada amostra.

5) Coloracéo pelo método de hematoxilina-eosina.

A microscopia analisou a quantidade de osteoclastos, oste-
oblastos, estroma vascular e a presenca de 0sso imaturo e la-
melar. Esta anélise permitiu avaliar os seguintes critérios: viabi-
lidade celular, vascularizagdo, necrose, manutengao da matriz
0ssea, processo inflamatdrio, remodelagdo dssea e presenga
de fibrose.

Foram comparados estatisticamente através do teste de Fi-
sher os resultados obtidos, qualitativa e quantitativamente, dos
Grupos A e B. Consideramos significativos aqueles com indice
de significancia p < 0,05.

RESULTADOS

Dos 40 espécimes avaliados, 20 do Grupo controle (Grupo
A) e 20 criopreservados (Grupo B), obtivemos os resultados que
se seguem:

Quanto a viabilidade celular, o Grupo controle (A) teve 100%
de manutengao da mesma (20/20). Ja o grupo submetido ao
congelamento apresentou 70% de viabilidade (14 das 20 espé-
cimes avaliadas). Pelo método de Fisher isso nos da p=0.02,ou
seja, ha diferenca significativa entre os dois Grupos.

Ja em relacéo ao item vascularizagdo, o Grupo controle ob-
teve 100% de positividade e o grupo criopreservado 85%. As-
sim temos, pelo método de Fisher, p=0.231, ndo havendo dife-
renca significativa neste item.

Em outra andlise, a necrose esteve presente em 100% dos
espécimes, de ambos os Grupos. Ocorreu assim, pelo método
de Fisher, p=1, nao havendo diferenca significativa.

Analisando a manutengao de matriz éssea, dos 40 espéci-
mes avaliados, em 34 houve preservacao da mesma, sendo 19
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the lateral femoral condylus using a 1-cm diameter circular saw,
two centimeters away from the joint surface. The pieces were
identified, wrapped in saline-wetted bandages, and then packed
in plastic bags to be transported from the SVO to the Laboratory
of Pathological Anatomy and the Tissue Bank.

Twenty of the 40 pieces obtained were assigned to immedia-
te histological investigation (Group A) while the others (Group B)
were sent to the Tissue Bank to be cryopreserved. A piece of
each cadaver was always included in each group, and the right
and left sides were alternately divided. The 20 pieces included
in Group B to be sent to the Tissue Bank were packed in sealed
0.5-um thick polyethylene bags provided with triple protection
and kept frozen at minus 80 °C in a SANYO MDF U3086S electric
vertical freezer with CO ,, backup, temperature maintenance con-
trol by graphic monitoring and an inside alarm valve connected
to an external system for temperatures above minus 40 °C, and
kept under such conditions for 30 days.

All specimens were analyzed at the Service of Pathological
Anatomy of our Department.

The pieces were prepared according to the methodology
below:

1) 10% formol solution fixation for 24 hours.

2) 7.5% nitric acid solution decalcification for 24 hours.

3) Tissue processing using a histotechnical apparatus.

4) Three histological sections of each sample.

5) Hematoxylin-eosin staining.

The amount of osteoclasts, osteoblasts and vascular stroma-
ta, as well as the presence of immature and lamelar bone, was
microscopically assessed. This analysis allowed us to evaluate
criteria such as cell feasibility, vascularization, necrosis, bone-

matrix preservation, inflammatory process, bone remodeling, and
the presence of fibrosis.

A statistical comparison was made of the quantitative and
qualitative results obtained in Groups A and B, using Fisher’s t
test. The results with p < 0.05 were considered significant.

RESULTS

Twenty of the 40 specimens evaluated in the control Group A
and 20 cryopreserved specimens from Group B provided the re-
sults below.

Control Group A maintained the cell feasibility at 100% (20 of
the 20 specimens evaluated), while the group that was kept fro-
zen showed a cell feasibility of 70% (14/20). According to Fisher’s
t- test, this gives p=0.02, indicating a significant inter group di-
fference.

As to vascularization, the control group was 100% positive,
while the cryopreserved group was 85% positive. According to
Fisher’s method, we found p=0.231, therefore no significant di-
fferences were shown as regards vascularization.

Further analysis showed the presence of necrosis in all spe-
cimens of both groups. According to Fisher’s method, we found
p=1, indicating that no significant differences occurred.

The analysis of bone-matrix preservation showed that 34 of
the 40 specimens evaluated maintained their bone matrices: 19
(95%) in the control group and 15 (75%) in the cryopreserved
group, with p=0.182, meaning that no statistical differences were
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no Grupo controle (95%) e 15 no criopreservado (75%), o0 que
nos da um p=0.182, sem diferenga estatistica.

No item processo inflamatério, foram observados apenas
06 casos de positividade, 05 casos apods criopreservagao (25%)
e apenas 01 no grupo controle (5%) tendo, portanto, p=0.182.

Na anélise da remodelagdo 6ssea, esta se mostrou ausen-
te em 12 espécimes do grupo criopreservado (65%) e 13 do
Grupo controle (60%). Obteve-se entdo um p=1, insignificante
estatisticamente.

Finalmente, quanto a fibrose, foi encontrada em apenas 9
dos 40 espécimes estudados, 05 no criopreservado (25%), e
04 no Grupo controle (20%). Assim, com p=1, sem diferenca
estatistica também neste item.

found.

As to the inflammatory process, only 6 positive cases were
found.: 5 (25%) cases after cryopreservation and only 1 (5%) case
in the control group, which gives us p=0.182.

An analysis of the bone remodeling showed that it was ab-
sent in 12 (65%) specimens of the cryopreserved group and in
13 (60%) specimens of the control group. This gives us p=1,
which is not statistically significant.

Finally, fibrosis was found in only 9 of the 40 specimens stu-
died: 5 (25%) in the cryopreserved group and 4 (20%) in the con-
trol group. This gives us p=1, that is, no statistical differences
were found as regards fibrosis.

Figure 1 presents each one of

Na Figura 1 estdo repre-  100% 1
sentados os itens, em relacao aos 80% -
) (o
percentuais para cada Grupo estu-
dado. 60% 1
40% 1
DISCUSSAO

the above-mentioned items as a
function of the percentages found
in each group studied.

DISCUSSION

Human allografts play an impor-

O enxerto 6sseo homdlogo hu- 0% - tant role in reconstructive orthope-
mano, vem desempenhando papel Rl C}P Oz-g@ «ﬁr (?0 s Ogo dic surgery. Therefore, a full know-
importante na cirurgia ortopédica 639 ng &c?' ‘5’:\‘” \y@‘* Ob“' ((@Q‘ ledge of their biomechanical and his-
reconstrutiva. Sendo assim, é im- v& 05\5” o & \yd‘* tologic properties is fundamental so
prescindivel o completo conheci- Qé’ 4\55 gr(y oé' AEEEe that their storage, processing and
mento de suas propriedades bio- <% éf' Qg}‘ “ utilization may be performed in a pro-

Ny o & B CRIOPRESERVADO (37,10
mecanicas e histologicas, para que < per manner :

0 armazenamento, processamento
e utilizacdo possam ser feitos de
forma adequada®”'%

O congelamento retarda a au-
tolise causada pela liberagéo de
enzimas proteoliticas, influenciando
assim, as condi¢cdes do meio am-
biente celular®?

Nos dados obtidos a necrose
6ssea esteve presente em todos os cortes analisados, o que
leva a crer ser conseqléncia do processo de degeneragdo na-
tural dos cadaveres (embora conservados a 4 °C), ja que as
pecas foram obtidas somente 48 horas ap6s a morte dos doa-
dores.

Considerando-se que a morte de um tecido n&o é determi-
nada num evento estéatico (morte biolégica do individuo), e sim
uma seqléncia de eventos ao nivel celular, o estudo também
avaliou nas pegas anatémicas caracteristicas concernentes aos
tecidos vivos: a vascularizacéo, a manutengéo da matriz 6s-
sea, a presenca de processo inflamatorio, a fibrose e a remo-
delagéo dssea.

Nos espécimes criopreservados encontramos uma queda
na qualidade da vascularizacdo e da manutencao da matriz
6ssea, mas que nao foram significativas estatisticamente.O alo-
enxerto criopreservado teve 85% de preservagao de sua vascu-
larizacéo, fato que pode viabilizar sua revitalizagao mais preco-
cemente.

O processo inflamatorio esteve mais presente apos conge-
lagado, o que prova que mesmo apoés o resfriamento, eventos
ao nivel celular continuam acontecendo, mas também de ma-
neira insignificante para a qualidade final dos enxertos. Nao se
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Figura 1 - Representagdo gréfica dos percentuais de cada
Grupo, comparativamente para viabilidade celular,
vascularizacao, necrose, preservacao da matriz, inflamagao,
remodelagdo dssea e fibrose.

Figure 1 - Graphic presentation of percentages obtained in
each group. Comparison among cell feasibility,
vascularization, necrosis, matrix preservation, inflammation,
bone remodeling, and fibrosis.

The freezing process delays the
autolysis caused by proteolytic en-
zymes release, thus influencing the
conditions of the cell environment 6.9,

Our data showed that bone ne-
crosis was present in all sections
analyzed, which leads us to the con-
clusion that necrosis is a consequen-
ce of the natural degeneration pro-
cess found in cadavers (even when kept at 4 °C), since the spe-
cimens were obtained at 48 hours of the donors’ death.

Considering that the death of a tissue is not determined wi-
thin a static event (biological death of the individual), being ra-
ther a sequence of events at cell level, the study has also evalu-
ated in the anatomical specimens a series of characteristics re-
lated to living tissues, such as vascularization, bone-matrix pre-
servation, presence of inflammatory process, fibrosis, and bone
remodeling.

In the cryopreserved specimens we found a decline in the
quality of vascularization and bone-matrix preservation, although
not statistically significant. The vascularization in the cryopreser-
ved allografts was 85% preserved, a fact that might make its revi-
talization feasible earlier.

The inflammatory process showed to be more present after
the freezing process, proving that, even after cooling, events at
cell level will continue to happen, although with no significance
in the final quality of the grafts. No differences were noticed be-
tween groups as regards bone remodeling and the presence of
fibrosis.

The only histological aspect to show a change in statistical
significance was cell feasibility, which decreased after cryopre-
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observaram diferengas entres os Grupos no que diz respeito a
remodelagao ¢ssea e presenca de fibrose.

O Unico aspecto histolégico que mostrou alteragéo de sig-
nificancia estatistica foi a viabilidade celular, apresentando que-
da apos a criopreservagao. A viabilidade celular é definida pelo
aspecto nuclear da célula, a presenga de nucléolo e integrida-
de da membrana nuclear.

Alteracdes de pH, tenséo de oxigénio e liberagdo de citoci-
nas que ocorrem durante a criopreservacao interferem no equi-
lforio celular e no material genético nuclear (DNA), alterando a
morfologia e a viabilidade das células. Entendemos ainda que
durante o processo de resfriamento, o efeito fisico de expanséo
de volume sofrido pela agua, na faixa de temperatura que varia
dos 4°C aos 0°C o que leva a lise celular.

Os aloenxertos 6sseos sdo usados nas cirurgias ortopédi-
cas reconstrutivas ndo sé por suas propriedades osteoinduto-
ras, mas principalmente as osteocondutoras. Assim, o arcabou-
¢o mineral 6sseo preservado dos enxertos sera preenchido por
novos ostedcitos do receptor apds a osteointegragdo. Logo, a
perda de viabilidade celular demonstrada por este estudo nao
contra-indica a utilizagdo dos aloenxertos apds criopreservagao,
pois 0s enxertos 6sseos ndo dependem de células vivas para
ter utilidade clinica e sim da matriz 6ssea, onde estéo as prote-
inas morfogenéticas.

CONCLUSOES

1. O congelamento 6sseo a menos 80 °C altera a viabilida-
de celular.

2. Nao ha diferenga na vascularizagéo, preservagao da ma-
triz, remodelagao éssea e fibrose entre o congelamento ésseo
amenos 80 °C e o tecido a 4 °C.

3. O processo de criopreservagao, utilizado para o armaze-
namento dos enxertos homdélogos humanos em bancos de te-
cidos, nao altera suas qualidades de maneira que possa con-
tra-indicar sua aplicagao nas cirurgias ortopédicas.
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servation. Cell feasibility is defined by the cell’s nuclear aspect,
the presence of the nucleolus and the integrity of the cell mem-
brane.

Changes in pH, oxygen tension and cytokine release during
the cryopreservation process will interfere in the cell balance and
in the nuclear genetic material (DNA), altering the cell morpholo-
gy and feasibility. Also, we believe that during the cooling pro-
cess the physical effect of volume expansion that occurs in water
at temperature range from 4 °C to 0 °C leads to cell lysis.

Bone allografts are employed in reconstructive orthopedic
surgeries, not only because of their osteoinductive properties,
but also and mainly because of their osteoconductive properti-
es. Therefore, the bone mineral structure that is preserved in
grafts will be filled by new osteocytes of the receptor after osteo-
integration. Thus, the loss of cell feasibility shown by this study
does not contraindicate the use of allografts after cryopreservati-
on, since bone grafts do not depend on living cells to be clini-
cally useful, but on the bone matrix, where morphogenetic pro-
teins are located.

CONCLUSIONS

1. Bone freezing at minus 80 °C changes cell feasibility.

2. There are no differences in vascularization, matrix preser-
vation, bone remodeling and fibrosis between bone freezing at
minus 80 °C and the tissue at 4 °C.

3. The cryopreservation process employed in the storage of
human allografts in tissue banks does not change their qualities
to the extent of contraindicating their application in orthopedic
surgeries.
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