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RESUMO

A osteogénese imperfeita € uma doenga genética causada
por um defeito do colageno do tipo I. Os portadores caracteri-
zam-se pela baixa estatura, escleras azuladas, deformidades
esqueléticas e fragilidade éssea. Os autores analisam os resul-
tados da operacao de Sofield e Millar que foi realizada em 23
0ss0s acometidos em oito portadores de osteogénese imper-
feita com deformidades e antecedentes de muiltiplas fraturas.
Apo6s um seguimento médio de dez anos e dois meses, onze
0SS0S Nao precisaram ser reoperados; doze 0ssos, No entanto,
apresentaram 21 complicagdes pds-cirlrgicas sendo: dez mi-
gracbes das hastes intra-medulares, seis refraturas, trés recidi-
vas da deformidade e duas pseudartroses. N&o houve caso de
infecgao ou les&do neurovascular. A reoperacao, quando neces-
séria, ocorreu apds um tempo médio de trés anos e seis me-
ses. Todos os pacientes melhoraram ou mantiveram a capaci-
dade de deambulagao logo apds a cirurgia; porém, com o tem-
po, dois deles, portadores de formas mais graves da doenca,
deterioraram sua capacidade de deambulag&o tornando-se ndo
deambuladores. Os autores concluem que a operacao torna
possivel a corregao das deformidades e previne temporariamen-
te a sua recidiva, além de tornar as fraturas menos frequentes.
No entanto, devido ao crescimento esquelético e a indistensibi-
lidade das hastes intramedulares utilizadas, as complicagdes
ocorrem.
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SUMMARY

Osteogenesis imperfecta is a genetic disease caused by
defects in the synthesis of type | collagen; clinical characteristics
are short stature, blue or gray sclera, skeletal deformities and
bone fragility. We analyzed eight cases of osteogenesis imper-
fecta with deformities and history of many fractures, for that the
Sofield and Millar surgery was performed in 23 bones. After a
mean follow up period of ten years and two months, 11 bones
did not need revision, twelve bones had 21 complication that
needed revision, ten by rod migration, six by refracture, three by
new deformities and two by nonunion. There were no cases of
infection or neurovascular lesion. This surgery was able to cor-
rect deformities, make fracture less frequent and prevent new
deformities; revisions were necessary three years and two mon-
ths after the primary surgery. All patients maintained or improved
their ability to walk right after surgery; during the follow up, two
patients, in which the disease was more severe, had their walking
ability decreased and are non ambulatory now.
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Study carried out in the Pediatric Orthopedics Group of the Department of
Orthopedics and Traumatology of Santa Casa de Misericordia de Sao Paulo,
“Fernandinho Simonsen” Building (DOT-SCMSP)

1. Adjunct Chief of Clinics and Department and of the Pediatric Orthopedics Group
of the Medical Sciences School of Santa Casa de Sao Paulo.

2. Assistant Physician of the Pediatric Traumatology and Orthopedics Group and
Master Degree in Orthoped and Tr tology conferred by the Medical
Sciences School of Santa Casa de Sao Paulo.

3. Assistant Physician of the Pediatric Traumatology and Orthopedics Group and

Postgraduate Student in Orthopedics and Traumatology at the Medical Sciences

School of Santa Casa de Sao Paulo.

Titular Member of Brazilian Society of Orthopedics and Traumatology and ex-

resident at the Department of Orthopedics and Traumatology of Santa Casa de

Sao Paulo

Address: Department of Orthopedics and Traumatology of Santa Casa de Sao

Paulo - Pediatric Orthopedics Group do Hospital and Medical Sciences School of

Santa Casa de Sao Paulo

Rua Cesario Motta Jr. 112, Vila Buarque - Sao Paulo — SP. CEP: 01277-900

Email: c.santili@terra.com.br

A

ACTA ORTOP BRAS 12(4) - OUT/DEZ, 2004



INTRODUGAO

A osteogénese imperfeita (Ol) € uma doenga genética causa-
da por um defeito qualitativo e quantitativo na sintese do colageno
dotipol. Incide em aproximadamente 1:20000 nascimentos, nao
havendo prevaléncia racial ou étnica‘”'®).,

O quadro clinico é de grande variabilidade, sendo que os
individuos acometidos, de forma geral, apresentam baixa esta-
tura, osteopenia, multiplas fraturas e deformidades ésseas pro-
gressivas. Caracteristicas adicionais sdo: escleras azuis ou acin-
zentadas, dentinogénese imperfeita, frouxidao ligamentar e sur-
dez precoce®.

Até os dias de hoje, nao ha tratamento clinico especifico
para corrigir o defeito basico da osteogénese imperfeita?2?),
sendo que o tratamento ortopédico atem-se a tratar e prevenir
fraturas, corrigir deformidades e evitar sua recorréncia, permi-
tindo a ortetizagcdo e, muitas vezes, propiciando a deambula-
géo(&m,iﬁ)l

Quando as fraturas sao
tratadas de maneira incruen-
ta, com imobilizagcao do
membro afetado, a falta de
movimento agrega maior os-
teoporose ao 0sso®. Assim,
a imobilizacdo deve ser usa-
da o minimo de tempo possi-
vel, a fim de evitar o aumento
da osteopenia e 0 maior risco
de fraturas®”, principalmente
dos ossos longos que vao
sofrendo deformacgéo pela
tensdo muscular mediante
crescimento 6sseo. (Fig. 1)

Em 1959, Sofield e Millar('®
revolucionaram o tratamento
das deformidades e das fra-
turas dos ossos longos na Ol,
realizando multiplas osteoto-
mias no segmento deforma-
do, permitindo o realinhamen-
to dos fragmentos e sua esta-
bilizagdo com haste intrame-
dular, o que melhorou signifi-
cativamente o progndstico dos pacientes!'®.

O objetivo deste estudo € avaliar os resultados cirlrgicos
obtidos nos pacientes portadores de Ol submetidos a opera-
cao de Sofield e Millar'®, com énfase na sua influéncia na capa-
cidade de deambulacao, nas complicacoes e necessidade de
reoperagoes.

MATERIAL E METODOS

No periodo de 1972 e 1995 no Departamento de Ortopedia
e Traumatologia da Santa Casa de Séao Paulo, foram operados
33 pacientes portadores de Ol, dos quais 10 haviam sido sub-
metidos a operacao de Sofield e Millar(®,

Estes pacientes foram convocados, por meio de carta ou
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Figura 1 - Radiografia mostrando fémur deformado na sua regido
proximal(A) e que evoluiu com fratura no apice da deformidade(B)

INTRODUCTION

Osteogenesis imperfecta (Ol) is a genetic disease caused
by a qualitative and quantitative defect in the synthesis of type-1
collagen. The incidence of Ol is approximately 1:20,000. births
with no predilection for any particular race or ethnic group!'”'®.

Clinical characteristics greatly vary, generally including short
stature, osteopenia, multiple fractures, and progressive bone de-
formities. Additional features are blue or gray sclera, dentinoge-
nesis imperfecta, laxity of ligaments, and early deafness ©.

No specific clinical treatment is available at present that can
correct the basic defect found in OI222. Orthopedic treatment
aims to treat and prevent fractures, correct deformities, and avoid
their recurrence. As a result, orthoses can be used and walking
is thus made possible in many cases®219,

When fractures are treated with immobilization of the affected
limb, immobility increases osteoporosis®. Therefore, immobili-
zation must be used for minimal periods so as to avoid increases
in osteopenia and risk for fracture®” mainly of long bones that
are subject to deformation due
to muscular tension as a result of
bone growth (Figure 1).

In 1959 Sofield e Millar re-
volutionized the treatment for
deformities and fractures of
long bones in Ol patients, per-
forming several osteotormies in
deformed segments. This allo-
wed one to realign fragments
and stabilize them with the help
of an intramedullary rod. With
this technique, prognosis sig-
nificantly improved ©.

The present study aims to
evaluate surgical results obtai-
ned in patients with Ol submit-
ted to Sofield and Millar opera-
tion", emphasizing the effects
upon walking hability, compli-
cations, and need for repeated
operations.

Figure 1 - Radiograph showing a proximally deformed femur (A).
A fracture developed in the prominent area of deformity (B).

MATERIAL AND
METHODS

From 1972 to 1995, 33 patients with Ol were operated at the
Department of Orthopedics and Traumatology of the Santa Casa
de Séo Paulo, Sofield and Millar™ operation was carried out in
10 out 33 cases

These patients were requested, by phone or by mail, to re-
turn to hospital for reavaluation. Two of them did not return to
hospital: one patient moved and the other patient had morbid
obesity and was not able to return to hospital.

Patients who returned to hospital or their legal representati-
ves were informed of their participation in the research study and
gave their informed consent.

Patients were interviewed and the preoperative, postoperati-
ve, and current gait pattern was classified according to Hoffer
and Bullock criteria® (Table 1). In addition, patients were clini-
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telefonema, a comparecer ao hospital para reavaliacao. Dois de-
les nao atenderam ao chamado, sendo que um nao foi encontra-
do por mudancga de domicilio e outro apresentava obesidade
morbida, sendo dificil sua locomogao ao hospital.

Os pacientes que compareceram ou Seus responsaveis fo-
ram informados sobre sua participagao no trabalho e consenti-
ram com seus termos.

Os pacientes foram entrevistados com o objetivo de definir

o padrao de marcha pré-operatério, pds-opertatério e atual, sen-
do classificados de acordo

cally and radiographically evaluated as for the type of Ol according
to Sillence etal. criteria (Table 2).

Patients’ records and radiographs were reviewed as for his-
tory of fractures, deformities, and previous treatments, age at the
time of surgery, and surgical technique. Complications, reasons
for complications, and time interval from surgery until complicati-
ons developed were analyzed.

Initially, all the eight patients showed deformities and
antecedents of multiple fractures due to low energy traumas
Six were male and two were

com os critérios de Hoffer e

female. According to Sillence et

Classificagdo do padrdo de marcha segundo Hoffer e Bullock!™ al’s classification (17)

7
Bullock® (Tabela 1). Foram  gjassification of walking pattern according to AHoffer and Bullock™ Four patients were type |, one

também avaliados clinica €  FiPG  Tipo de Marcha

patient was type lll and three were

radiograficamente e classifi-  Type Walking Type type IV
cados segundo os critérios I Deambulador comunitario/ Community walking The Sofield and Millan ‘s
i a7 icili i X .
de Sillenceetal.” quantoao I Deambulador domiciliar / Home walking operation was performed in the-
tipo de Ol (Tabela 2). " Marcha funcional / Functional walking se patients after a huge
v Restrito a cadeira de rodas (transferidor independente) p g

Os prontuérios e as radi-
ografias foram revisados ,

Confinement to wheelchair (transferrer-independent) - .
Restrito a cadeira de rodas ( transferidor dependente) the whole diaphysis

subperiosteal exposition of

quanto ao histérico das fra- Confinement to wheelchair (transferrer-dependent) Anq’ then the necessary 0s-
turas, deformidades e trata- v Deitador / Lying teotomies were performed in or-
mentos prévios, idade na der only to permit the osseous
operagao e a técnica cirlrgi- Tabela 1 - Classificaggo do padrdo de marcha realignment
carealizada. Foram analisa- Table 1 - Classification of walking pattern according In an alternated sequence of
as as complicagoes, 0s concavities and convexities fo-
d plicag ties and ties f
. : ’ Cla acho de Sifence of &f para Ostecgénese Imparfaita’” . "
motivos pelos quais ocorre- Sillence et al Clasification of O \esis Imperfecta(1) llowed by an intramedullary fixa-
, ; Tipo / Padric de Heranga Gendética / Descricio / . .
ram e o tempo pds-operatd- Typo / Genetical Pattern Dascripition tion with a shaft.
rio em que aconteceram. ! Atossomice] Dominmnte:s ;Fn‘-;:i‘(.‘za‘ :fli:'l'r:n“;'u:t';g;:iigﬁ:f:.C:fc’lf:r.!:’r:.ﬂ:" All the shafts were not ex-
Todos o0s oito paoientes fuiEmsmalSon e peiam® 'C'm‘;l%::i?}"?li;nnnlé:igl‘;%wl:ﬁt5?}?igr'aan{:e”\‘l’sw il tensible
o n Autossdmico dominante ou recessival  Morte perinatal, fragilidade dssea exiréma com Fourteen femeS flve t/b/as
apresentavam InICIa|meI’1te 'r:lsu—I:—I::-“ fraturas intra-uterinas, baixo peso ao ' y s
. el m Perin . extrame bone fragility wi two radius and two ulnas were
eformidades e anteceden- @ ) BT IS Inrauterng raciuras. low DIt weight ¢
. o mna g v . -
d , m Autosstmico recessivol Forma grave rara,deformidades progressivas, Operated n a t‘ot‘a/ Of 23 bo
tes de multiplas fraturas con- B ra Ve, Mrasarita s nes ’
. . Autosomal recessive pattern Rare severe form, progressive forms savera .
sequentes a traumas de bai- R R T T T e The average age of the pa-
xa energia. Seis eram do s normalacle .
sexo masculin e dois do 19 Autossamico Dominante - / :irm 4 d?'mgimlmnudn iSonorous war que o tients of the 23 ,OfocedeeS was
. Autosomal Dominant pattern n:’oreiever;sbigenrra‘;Ily and ostecporosis 10 years and two months, va-
sSexo fem|n|no Segundo a than those found in type |, deformity of long . y
| f ! . ” Bones, hmly of ngmnems normal selera ry/ng from two years and two
c e(‘f;)s' icacao de Sillence et months to twenty three years.
al'”, quatro pacientes eram Tabela 2 - Classificagdo para Osteogénese imperfeita The average post-operative
dotipo |, um paciente era do Table 2 - Classification of Osteogénesis imperfect period was 12 years and 6

tipo Ill e trés eram do tipo IV.

Nestes pacientes a ope-
ragao de Sofield e Millar"” foi
realizada apds ampla expo-
sicao subperiosteal de toda
a diafise, sendo entéo reali-
zadas as osteotomias ne-
cessarias, porém no menor
nuimero possivel para permi-
tir o realinhamento dsseo
numa sequéncia alternada de
concavidades e convexida-
des e subsequente fixagao in-
tramedular com haste. Todas
as hastes eram nédo extensi-
veis (Fig. 2 e 3).

Foram operados 14 fé-
mures, cinco tibias, dois ra-
dios e duas ulnas, totalizan-

do 23 0ss0s. A média de ida- Figura 2 - Radiografia pré-operatéria do fémur no perfil mostrando

de dos pacientes nos 23
procedimentos foi de dez
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months, varying from two mon-
ths to 35 years.

From 23 operated bones,
12 needed new surgeries in a
total of 21 new surgeries

Tem migrations of shafts
occurred, and the shafts were
removed from four of them

as the osteotomies were
consolidated. Four were sub-
mitted to new surgeries using
the Sofield and Miller’s techni-
que (19), as the deformity rea-
ppeared and two shafts were
repositioned.

Six bones presented new
fractures and from these two
were submitted to reduction
and change of

Intramedullary shaft by a
larger and with a larger diame-

Figure 2 - Preoperative lateral radiograph of femur showing a fracture ~ t€ 0ne and four underwent
and bone deformity. new surgery of Sofield and

Millar (19) because there was
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anos e dois meses, variando de
dois anos e dois meses a 23
anos. O seguimento pds-opera-
tério médio foi de 12 anos e seis
meses, variando de dois meses
a 35 anos.

Dos 23 ossos operados, 12
necessitaram novas cirurgias to-
talizando 21 reoperacoes. Ocor-
reram 10 migragdes de haste,
sendo em quatro realizada a re-
tirada da mesma, pois as oste-
otomias estavam consolidadas.
Quatro foram submetidos a reo-
peracao pelatécnica de Sofield e
Millar(®, uma vez que houve reci-
diva da deformidade e duas has-
tes foram reposicionadas. Seis
0ss0s apresentaram refraturas e
destes, dois foram submetidos a
reducdo e troca haste intramedu-
lar por outra de tamanho e dia-
metro maiores e quatro sofreram
nova operacao de Sofield e Mi-
llar™ pois havia deformidade as-
sociada. Observamos em outros
trés 0ssos a recidiva da deformi-
dade sendo realizada uma nova
operagao de Sofield e Millar('®
(Fig - 4). Amédia geral de tempo
entre a primeira operagao e a re-
visdo da operacao de Sofield e
Millar( foi de 3 anos e 6 meses.

Ocorreram duas pseudartro-
ses em um Unico paciente, que
teve o fémur esquerdo operado
aos 15 anos e dois meses € a
tibia esquerda operada aos 17
anos. As duas falhas de conso-
lidacéo evoluiram satisfatoria-
mente apds a troca da sintese
e colocagao de enxerto 6sseo.
Nenhum paciente apresentou
infecgdo ou lesdo neurovascu-
lar (Tabela 3).

RESULTADOS

De acordo com a classifica-
¢ao de Hoffer e Bullock™ para a
marcha, antes da cirurgia dois
pacientes eram deambuladores
comunitérios (tipo 1), quatro pa-
cientes eram deambuladores
domiciliares (tipo Il), um paci-
ente era deambulador funcional
(tipo Ill) e um paciente era res-
trito a cadeira de rodas sendo
transferidor dependente (tipo V).
Por um periodo de tempo apds
a cirurgia, trés pacientes apre-
sentaram melhora na capacida-
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Figura 3 — Radliografia p6s-operatdria do fémur no perfilmostrando as mdltiplas osteotomias,

orealinhamentto dos fragmentos e afixagéo intramedular

Figure 3 — Postoperative lateral radiograph of femur showing multiple
osteotomies, fragment realignment, and intramedullary fixation.

Figura 4 — Radiografia do fémur no perfil mostrando recidiva da
deformidade com a haste protruindo externamente ao 0sso

Figure 4 - Lateral radiograph of femur showing deformity
recurrence with rod protrusion outside the bone

Paciente
Pacient
1

Distribuiglio dos pacientes por tipo de O (Sillence et al.'7), idade na 1%, cirurgia,
- s I

Tipo

Type

OS50S

Distribution of patients according to O type { Siferce of @), age by the time of 1% surgery,

operated bones, and number of complications

Idade na 1°

Ea + 3m

7a + 8m

15a + 2m

13a+ 1m

7+ 6m

2a + 2m

11a + 3m

Fonte: Serico de Arc

Age st the tims of 152 surgery

Ossos

Operoted bones
Fémur direlic
Right femur
Fémur esquerdo
Left Fémur
Tibia direita
Right Tibia
Fémur direlto
Right fermur
Fémur esquerdo
Left Fémur
Tibia direita
Right Tibia

Tibia esquerda
Left Tibia

Radio direito
Right radius
Radio esquerdo
Left radius

Ulna esquerdeo
Left ulna

Fémur direito
Right Fémur
Famur esquerdo

Left Fémur

Tibia direita
Right Tibia
Tibia esquerda

Left Tibia

Fémur direito
Right Femur
Famur esquerdo
Left Femur
Faéamur esquerdo
Left Femur
Fémur direito
Right Femur
Famur esquerdo
Left Femur
Féamur direito
Right Femur
Fémur esquerdo
Left Femur
Fémur direito
Right Femur

uive Méadico @ Estatastico da £

s de
Complications (number)
1 por mig @ 1 por def E
Migration (1) and Deformity (1)
1 por migragao + deformidade
Migration + Deformity (1)

1 por deformidade

Deformity (1)

1 por migracéo & 1 por deformidade
M (1) and Deformity (1)

2 por fraturasdeformidade e 1 por migracho
Fracture+Deformity (2) and Rod migration (1)

1 por fratura + deformidade, 1 por pseudartrose
& 1 migragdo

= ract Deformity (1),

Rod migration (1)

1 por fratura + deformidade
Fracture+Deformity (1)

1 por pseudarirose, 1 por migragho @
1 por migragio + deformidade
Pseudarthrosis (1), Rod migratin (1)
and Rod migration + Deformity (1)

{1) and

1 por fratura @ 1 por migragio
Fracture (1) and Rod migration (1)
1 por fratura

Fracture (1)

1 migragiic com retirada
Migration with rod removal (1)
1 migragiio com retirada
Migration with rod remowval (1)

Tabela 3 - Distribuicao de paciemtes por tipo de Ol Distribuition of
Table 3 - patients according OlType

an associated deformity.

We observed the rea-
ppearance of the deformi-
ty in other three bones and
a new surgery of Sofield
and Millar (19) was perfor-
med (Fig 14).

The general average
time between the first sur-
gery and the review of the
surgery of Sofield and Mi-
llar (19) was 3 years and 6
months.

Two pseudoartrosis
occurred in a single pati-
ent who had his left femur
operated when he was 15
years and 2 months old
and the left tibia operated
when he was 17 years old.

The two failures of
consolidation developed
successfully after the
change of the synthesis
and the placing of the os-
seous graft. None of the
patients presented infecti-
on or neurovascular injury.
(Table 3)

RESULTS

Six male and two fe-
male patients had defor-
mities and history of multi-
ple fractures due to low-
energy traumas at the be-
ginning of treatment. Ac-
cording to the classifica-
tion described by Sillen-
ce etal, four were of type
I, one was of type lll, and
three were of type IV.

Sofield e Millar was
performed in all cases fo-
llowing extensive subpe-
riosteal exposure of the
whole diaphysis. The
smallest number of oste-
otomies were carried out
so as to allow bone rea-
lignment, alternating con-
cavities and convexities,
and subsequent intrame-
dullary rod fixation. Rods
were not of the extensible
type (Figures 2 and 3).

Fourteen femora, 5 ti-
biae, 2 radii, and 2 ulnae
were operated, with a to-
tal of 23 bones. The mean
age of patients was 10
years and 2 months for
the 23 operations, raging
from 2 years and 2 mon-
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de de deambulagéao passando dos tipos I, lll e V para |, Il e |
respectivamente; cinco pacientes mantiveram a mesma capaci-
dade de deambulagéo prévia a cirurgia. Atualmente dois pacien-
tes estéo restritos a cadeira de rodas sendo transferidores inde-
pendentes (tipo IV), dois sdo deambuladores domiciliares (tipo ll)
e quatro s&o deambuladores comunitarios do tipo | (Tabela 4).

DISCUSSAO

Na Ol, a deformidade
progressiva e as fraturas

Distribuigio dos pacientes segundo o padrio de marcha pré-operatério,
poés-operatorio e atual / Distribution of patients according to
preoperative, postoperative, and current walking pattern

ths to 23 years. Postoperative follow-up averaged 12 years and 6
months, ranging from two months to 35 years.

Twelve out of a total of 23 bones required revision, with a total
of 21 operations. Rod migration was seen in 10 cases. In four
cases, rod was removed since osteotomies were consolidated.
In four cases Sofield and Millar technique was employed sin-
ce deformity had reappeared and two rods were repositioned.
Refractures were seen in six
bones, two of them were sub-
mitted to reduction and intra-
medullary rods were replaced

Pré-operatdrio/
Preoperative
7 deambuladores /

séo de dificil tratamento de-
vido a fragilidade 6ssea e a
osteoporose inerentes a
doenga'?.

Dentre as possibilida-
des clinicas de tratamento
para a doenca, sabe-se
que, teoricamente, o trans-
plante de medula éssea po-
deria levar células mesenqui-
mais com capacidade de se
diferenciar em osteoblastos, os quais passariam a produzir cola-
geno normal, aumentando a resisténcia e a qualidade do 0sso, no
entanto, estudos preliminares neste sentido ainda estao em anda-
mento e apresentam resultados controversos®. Os bisfosfona-
tos por sua vez, parecem ser a Unica classe de medicamentos
com algum efeito terapéutico, pois ao inibir a reabsorgdo ¢ssea,
reduzem a osteoporose e propiciam menores perdas da massa
0ssea®.

Quando ocorre fratura, o tratamento incruento resulta em con-
solidagdo éssea na maioria dos casos, contudo o paciente
¢ submetido obrigatoriamente a longos periodos de imobiliza-
Gao. Esta impossibilidade de movimentos leva a uma maior os-
teoporose, a qual se soma ao defeito basico do colageno, fragi-
lizando ainda mais o0 0sso®, que passa a se encurvar mediante
as acoes das forgas gravitacional e muscular, que agem au-
mentando a deformidade®'°2), Como a maioria das fraturas
nesses 0ssos longos ocorre no apice da deformidade, cria-se
um ciclo vicioso (Fig. 1).

O tratamento cirtrgico proposto por Sofield e Millar'®, que
preconiza multiplas osteotomias do segmento deformado, rea-
linhamento dos fragmentos e sua fixacdo com haste intramedu-
lar, permite corrigir as deformidades e diminui o tempo de imo-
bilizacao, eliminando dois fatores importantes deste ciclo vicio-
so, além de dar um suporte de maior resisténcia ao 0sso, devi-
do a presenca da haste intramedular('222.

Nos 23 0ssos operados e analisados apenas seis refratura-
ram, e nestes isto ocorreu em média, quatro anos e sete meses
apods a cirurgia, confirmando uma certa eficacia do método na
prevencao de repetidas fraturas!®121621.22 A migracéo da haste
no periodo pds-operatoério ocorreu em dez situagoes, e embora
seja uma das complicagdes mais freqlentes, é de facil resolu-
¢ao mediante o reposicionamento ou da retirada da haste®.
Em quatro oportunidades ocorreu a deformidade progressiva
da extremidade apds a migragao proximal da haste, sendo ne-
cesséria a reoperacdo segundo a técnica de Sofield e Millar®™.
A migracao da haste se explica pelo fato desta se ancorar me-
lhor nos segmentos istmicos da diéfise, os quais sdo muitas
vezes desperiostizados para a frezagem e alargamento do ca-
nal. Estes fragmentos desvitalizados s&o reabsorvidos para sua
reintegragao e assim, a haste pode tornar-se totalmente solta den-
tro do canal medular por perder apoio nas paredes internas das

7 ambulatory patients
1 ndo deambulador /
1 nombulatory patient
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8 ambulatory patients
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Tabela 4 - Distribuigao dos pacientes segundo o padrdo de marcha
pré-operatorio, pos operatério e atual
Table 4 - Distribuition of patients according to preoperative, postoperative,
and current walking pattern

by other of greater size and
diameter, and Sofield and Mi-
llar technique was used in
four cases since there was an
associated deformity. Defor-
mity recurred in three bones
and Sofield and Millar tech-
nique was used (Figure 4).
The mean time period betwe-
en the first operation and re-
vision by the Sofield e Millar(?
technique was 3 years and 6
months. Pseudarthrosis was seen in two bones from one pati-
ent: left femur operated when the patient was aged 15 years and
2 months; and the left tibia operated when the patient was 17
years old. In both cases lack of consolidation resolved following
bone graft and synthesis replacement. Infections or neurovascu-
lar complications did not occur in any patient (Table 3).

According to Hoffer e Bullock” classification of walking ha-
bility before surgery, the following was observed: community
walking (type I) in 2 patients, home walking (type ll) in 4 patients;
functional walking (type Ill) in 1 patient; and confinement to whe-
elchair and transferrer-dependent (type V) in 1 patient. Improve-
ment in walking hability for some time following surgery was seen
in three patients, specifically from type Il, lll, and V to I, Il, and |,
respectively. Walking hability remained unaltered in five patients
despite surgery. The current classification is the following: confi-
nement to wheelchair and transferrer-independent (type IV): 2
patients; home walking (type Il): 2 patients; and community
walking (type 1): 4 patients (Table 4).

Atual /

Current

6 deambuladores/

6 ambulatory patients
2 ndo deambuladores
2 nombulatory patient
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DISCUSSION

Osteogenesis imperfecta is associated with progressive de-
formity and fractures that are difficult to treat due to bone fragility
and osteoporosis®.

As for clinical possibilities of treatment for Ol, bone marrow
transplant could theoretically transfer mesenchymal cells able to
differentiate into osteoblasts, which would, in turn, produce nor-
mal collagen, thus increasing bone quality and resistance. Ho-
wever, preliminary studies are under way and have shown con-
troversial results (?. Biphosphonates, in turn, seem to be the only
class of drugs with some therapeutic effect since they reduce
osteoporosis, thus decreasing bone mass loss, by inhibiting bone
resorptiond.

When a fracture develops, noninvasive treatment results in
bone consolidation in the majority of cases. However, long perio-
ds of immobilization are required. Immobilization aggravates 0s-
teoporosis. In conjunction with the basic defect of colagen, o0s-
teoporosis aggravates bone fragility®, and bones assume a cur-
ved shape due to the action of muscular and gravitational forces,
responsible for deformity aggravation®®'¥. Since the majority of
fractures in long bones affect the most prominent area of defor-
mity, a vicious cycle develops (Figure 1).

The surgical technique described by Sofield and Millar(? in-
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corticais da diéfise e migra longitudinalmente na direcéo pela qual
foi introduzida®.

Arecidiva da deformidade nao associada a migragao da has-
te foi observada em sete 0ssos. Na sua maioria, os pacientes sao
operados quando ainda muito jovens, e consequentemente, com
o crescimento 6sseo a haste torna-se pequena, permitindo que o
segmento ésseo metafisario ndo protegido e ndo encavilhado se
deforme e tenda a fraturar ou a extrusao da haste(Fig. 4), por isso,
geralmente sdo necessarias revisdes a cada dois anos ou dois
anos e meio!!1213.19.22),

Nos nossos pacientes essas revisdes ocorreram apés um
tempo médio de trés anos e seis meses, provavelmente pelo
fato de que nesta amostragem os pacientes foram operados
com uma média de idade maior (dez anos e dois meses) e,
consequentemente, com menor potencial de crescimento resi-
dual.

A necessidade de multiplas reoperacoes levou Bailey e Du-
bow, em 1963, ao desenvolvimento de hastes extensiveis, ca-
pazes de alongarem-se por telescopagem passiva, uma vez que
sdo fixas nas extremidades do osso. Este dispositivo evita mui-
tas vezes, evita a necessidade de revisao, pois acompanha o
crescimento ésseo™.

Nos pacientes ja na maturidade esquelética ou com expec-
tativa de crescimento 6sseo menor que trés centimetros estao
indicadas as hastes nédo extensiveis, pois o risco de recidiva da
deformidade ou de fratura € menor™. Nos pacientes com ex-
pectativa de crescimento 6sseo maior, estao indicadas as has-
tes extensiveis, embora ndo haja consenso sobre sua indica-
Gao pois, se por um lado retardam a necessidade de revisao,
por outro aumentam a morbidade por prolongarem o tempo ci-
rdrgico devido a dificuldade na sua execugao e estao sujeitas a
um ndmero maior de complicagbes! 29,

Embora a cirurgia de Sofield e Millar'® parega muito agres-
siva, nao foi observada complicagcdo neurovascular ou infec-
Gao. Tivemos apenas um paciente que evoluiu para a pseudar-
trose em dois de seus 0ssos operados. O mesmo j& se encon-
trava na maturidade esquelética na época da cirurgia, sendo
esta uma condigdo associada a maior incidéncia de retarde de
consolidagao e pseudartrose®??, Estas duas pseudartroses
evolufram para a consolidagao apds a troca da sintese e colo-
cagéo de enxerto 6sseo.

O método foi aplicado nos ossos do membro superior em
apenas quatro oportunidades, ndo sendo nestes casos neces-
saria reoperagao alguma. O baixo nimero de ossos operados
nos membros superiores se deve a menor frequéncia das fratu-
ras e a maior tolerabilidade quanto as deformidades®.

Os nossos pacientes foram operados com uma média de
idade de 10 anos e 8 meses e esta é uma idade avangada em
relagdo ao que se encontra na literatura, que varia de quatro a
oito anos na média>'61929  Dois dos nossos pacientes inicia-
ram o tratamento com idade mais avancada, desviando para
cima a média de idade dos pacientes operados (23 e 15 anos).
A melhor idade para a execugao do procedimento cirlrgico se-
ria guando o paciente inicia a marcha, auxiliando-o no seu de-
senvolvimento®, muito embora isto dependa sempre da gravi-
dade da doenga. Pacientes menores que trés ou quatro anos
com tipos mais graves de Ol podem ser submetidos a osteo-
clasia fechada e fixagdo intramedular percutanea, propiciando
a corregao das deformidades e estabilizagdo 6ssea com um
procedimento menos invasivo, sem comprometer futuros trata-
mentos419)
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volves several osteotomies of the deformed segment and its fixati-
on with intramedullary rod. It allows one to correct deformities and
decreases immobilization time, thus eliminating two important fac-
tors of this vicious cycle. In addition the bone becomes more resis-
tant due to the intramedullary rod “9.

In our study sample (23 bones), refracture developed in six
bones 4 years and 7 months, on average, following surgery, thus
confirming the efficacy of the method in preventing repeated frac-
tures®6919. Intramedullary rod migration following surgery occur-
red ten times. Although this is one of most frequent complicati-
ons, it is easy to treat by repositioning or removal of intramedulla-
ry rod®. Progressive deformity of the limb occurred four times
following proximal migration of the rod; surgery was performed
by Sofield e Millar™@ technique. Rod migration is explained by
the fact that the rod is better anchored on the isthmic segments
of diaphysis whose periosteum was removed by milling when
the cavity was widened. These devitalized fragments are reab-
sorbed for reintegration while the intramedullary rod is fully relea-
sed within the medullary cavity when its support on the inner wall
of the diaphysis cortical layer is lost. As a result, the intramedulla-
ry rod longitudinally migrates towards its insertion point ©.

Recurrence of deformity not associated with rod migration
was seen in seven bones. In the majority of cases patients were
operated when they were too young. Therefore, with bone gro-
wth, the rod has become relatively smaller, allowing the meta-
physial bone segment that is not protected and supported to
deform, with a tendency to fracture or rod extrusion (Figure 4).
Revisions are, therefore, required at 2-2,5-year intervals approxi-
mately (45101519

In our patients surgical revisions were performed following 3
years and 6 months, on average, probably due to the fact that
our sample included patients who had been operated when they
were aged 10 years and 2 months, on average, and had, therefo-
re, a smaller potential for residual growth.

The need for multiple surgeries led Bailey and Dubow to de-
velop extensible rods in 1963. These rods are able to passively
elongate since their extremities are not fixed on bones. With the
use of this device, surgical revision is avoided in many cases,
since extensible rods accompany bone growth (9.

In patients with skeletal maturity or in whom a bone growth <
3 cm is expected, nonextensible rods are indicated since the risk
for deformity recurrence or fracture is lower ", In patients in whom
bone growth is > 3 cm, extensible rods are indicated although
its indication is not a consensus. On the one hand, surgical revi-
sion is delayed, but, on the other hand, extensible rods are asso-
ciated with increased morbidity because surgical duration is in-
creased due to technical difficulty. In addition, a great number of
complications are associated with this procedure (157719,

Neurovascular complications or infections were not seen al-
though Sofield e Millar technique’® seems to be very aggressi-
ve. Only one patient developed pseudarthrosis in one of the two
operated bones. This patient was already skeletally mature at the
time of surgery. Skeletal maturity is associated with consolidation
delay and pseudarthrosis®'®. In both cases lack of consolidation
resolved following bone graft and synthesis replacement.

This technique was used in the arm in four cases only. Surgi-
cal revision was not required in these cases. The small number
of upper-limb bones requiring surgery is due to lower frequency
of fractures and greater tolerability as far as deformities are con-
cerned(,

Our patients were aged 10 years and 8 months, on average,
at the time of surgery in contrast with the age of 4 to 8 years, on
average, reported in literature 457078 Two of our patients were
older (23 and 15 years) at the time of surgery. Therefore, the mean
age of study patients was increased. The best age for surgery
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De maneira geral a capacidade de deambulag&o nos pacien-
tes portadores de Ol é determinada pela gravidade da doenga,
sendo prejudicada pelas deformidades e mdltiplas fraturas que
levam o paciente a longos periodos de imobilizagao“*).

Apos a cirurgia, observamos que, nenhum paciente apresen-
tou piora da capacidade de deambulagao, havendo inclusive
melhora do padrao de marcha em trés pacientes, na decorréncia
direta dos beneficios da correcéo das deformidades e estabiliza-
¢ao esquelética dos membros. Embora inicialmente nenhum paci-
ente tenha apresentado piora da capacidade de deambulacao,
apobs algum tempo, dois pacientes classificados segundo os cri-
térios de Sillence et al.” em tipo Il e tipo IV, tornaram-se mais
tarde nao deambuladores. Sabidamente, na sua evolugao natural,
os tipos lll e IV apresentam grande fragilidade ¢ssea e osteopo-
rose acentuada, e perdem as habilidades motoras na segunda
década de vida por evoluirem com deformidades na coluna, per-
da da motivagao e tendem ao uso de cadeira de rodas®'.

Embora a operacao de Sofield e Millar''® possibilite a corre-
cao das deformidades e reduza a freqUéncia das fraturas, estas
nao sao as Unicas variaveis que interferem na capacidade de
deambulacao®. A imobilizagao, a diminuicao da forga muscu-
lar e da massa 6ssea corporal podem ter igual ou maior impor-
tancia na capacitacao para a marcha, assim como o medo de
novas fraturasts9.

Apos estas constatagdes, pode-se concluir que o método
analisado foi eficaz para prevenir fraturas e corrigir deformida-
des enquanto a haste se manteve no local apropriado e tinha
tamanho adequado, porém o método esté sujeito a complica-
¢Oes, principalmente gracas a indistensibilidade da sintese in-
tramedular que ndo acompanha o crescimento 6sseo. Os tipos
mais graves de Ol por sua vez, cursam com outras limitacoes
para a marcha que ndo podem ser suplantadas pelo método
cirtrgico aqui analisado, porém a correcéo da deformidade e
estabilizacdo dos seus membros inferiores, auxiliou na melho-
ria do seu padréo de marcha.
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would be when the patient is learning to walk in order that patient’s
development is stimulated®. However, the severity of the disea-
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In general, the walking hability of patients with Ol is determi-
ned by disease severity and is adversely affected by deformities
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Following surgery no patient had his/her walking hability wor-
sened. On the contrary walking hability improved in three pati-
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According to the natural course of the disease, type-lll and -IV
patients have a severe bone fragility and marked osteoporosis
and are expected to lose their motor capabilities during the se-
cond decade of life because of vertebral column deformities, lack
of motivation, and tendency to the use of wheelchair9.

Although the Sofield e Millar(? technique allows one to cor-
rect deformities and decreases the frequency of fractures, other
factors also affect walking hability of patients with OI7%. Immobi-
lization, decreased muscular force, decreased bone mass can
be equally important, as well as fear of new fractures in determi-
ning the walking hability®122),

The study findings allow one to conclude that the analyzed
technique was effective in preventing fractures and correcting
deformities. Rods were kept in place and was of the appropriate
size. However, complications can develop mainly because intra-
medullary syntheses were not extensible and, therefore, did not
accompany bone growth. The more severe types of Ol, in turn,
are accompanied by other walking-limiting factors that cannot
be surpassed by the surgical technique analyzed in the present
studly.

However, deformity correction and lower-limb stabilization
improved their walking pattern.
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