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ABSTRACT

Seven patients with craniosynostosis (mean age 8 yvears, Apert syndrome, n=4, Crouzon’s disense, n=3)
underwent lengthening of the skull by gradual bone distraction. Three patients (group A) were treated by
coronal craniectomy veaching the ovbital fissure and gradual bone distraction. The other four patients (group
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B) underwent monobloc craniofacial disjunction and gradual bone distraction. The patients’ progress was
monitoved clinically, as well as by vadiographs and photographs. The results showed that craniofacial dis-
Junction followed by gradual bone distraction produced complete corvection of exophthalmus and an im-
provement in the functional and aesthetic aspects of the muddle thivd of the face without the need of bone

grafts.

INTRODUCTION

The first report of lengthening of long bones ot which
we are aware was performed in 1905 by Codivilla'.
[lizarov® % has made several studies that make im-
portant contributions to this technique by avoiding
complications and improving results. He has shown
the benefits of doing only a corticotomy to preserve
the medullary bone with minimal disruption of the
periosteum and endosteum.

The gradual distraction of the mandible was first done
in a dog with an extraoral device by Snyder et al. in
19732 and they suggested the possibility of apply-
ing this method to the human mandible in the treat-
ment of some congenital deformities or for the con-
sequences of trauma.

Michieli and Miotti'” repeated the experiment in dogs
using an intraoral device. Karaharju-Swanto et al.
tested 1in 1990 an external fixation device that was
applied ro the mandibular ramus of sheeps to lengthen
the mandible. Karp et al. in 1990 used a device in
dogs to contirm the feasability of the technique.
Komuro et al. in 19947 studied the micromorpho-
logical aspects of distraction osteogenesis of the man-
dible in rabbits and showed that both endochondral
and intramembranous ossification occurred and re-
sulted in cortical bone after cight to ten weeks of
completion of distraction. Constantino et al in 1994'%
reported segmental mandibular regeneration of a cre-
ated segmental defect by bifocal distraction osteogen-
esis in dogs.

In 1992, McCarthy et al.®® used the Ilizarov
method'® * and publishcd the first results of human
mandible distraction with an extraoral device com-
prising two pins of fixation in each side of the os-
teotomy in four patients. In 1995, Molina and Ortiz-
Monasterio ' presented a study showing good results
with one pin of tixation in each side of the osteotomy:
In 1996, Raposo do Amaral"® presented results in
mandibular distraction at the 11" Congress of the In-
ternational Confederation for Plastic Reconstructive

. Age g = . Previous Cranial
Case # . 8 Sex Diagnosis
(Years) Surgery
Apert
1 7 Female P No
syndrome
Decompressive
) Apert e
2 9 Female craniectomy by
syndrome bl
5 the age of 6 years
Crouzon's .
3 6 Female No
disease
Group A. Patients who underwent coronal craniectomy reaching the orbital
fissure and gradual bone distraction

Table 1

Group A Group B
Total distance in 26.8 (19 — 43.7) 23,1 (12— 45)
apparatus
Mean speed of 0.8 (0.4— 1.1) day 1.4 (1— 2.7) day

distraction of apparatus

Mean Distraction 0.2 (0.1 — 0.5) day 0.9 (0.5 — 1.5) day

Devices and mean (range) bone lengthening (mm) after gradual distraction.

and Aesthetic Surgery, Yokohama, Japan.

Considering the results acquired in mandibular length-
ening, we proposed the gradual distraction technique
to correct the craniofacial deformities in patiens with
craniosynostosis, Crouzon’s disease, and Apert syn-
drome.

MATERIAL AND METHODS

The skull was distracted by applying an external bone
lengthening device to seven patients with craniofacial
deformities, four with Apert svndrome and three with
Crouzon’s disease. We studied the patients in two
groups:

Group A was made up of three girls aged berween 6
and 9 years old, two with Apert syndrome and one
with Crouzon’s disease (Table I). They underwent
coronal craniectomy that reached the orbital fissure
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(Fig. 1). The anterior portion of the apparatus was
put in the lateral inferior orbital and zygomatic bone
(malar region), and the posterior portion was put in
the temporal bone.

The distraction started in the operating room and was
done for several days at the maximum rate that the
patient could accept (mean rate 0,8mm/day) (Table
1.

Group B. This group underwent monobloc cranio-
facial disjunction as described by Ortiz-Monasterio™"
and a newly designed apparatus was used. The ante-
rior portion of the apparatus was put in the lateral
inferior orbital and zvgomatic bone (malar region).
The posterior portion was put in the temporal bone
(Fig. 2). The distraction started seven days after the
operation, at the mean rate of 1.4 mm/day (Table II).
We studied four patients in this group (Table III).

The device is kept on place during eight weeks after
the distraction period in all the seven cases.

To evaluate the procedure, the following craniofacial
measurements were made before, during, and after
the distraction: exophthalmometry, cephalic perimeter,
and biauricular and anteroposterior distance. In the
cephalometric radiograph the following measurements
were made: sella turcica - the most concave point of
the maxilla (SA); sella turcica - nasium (SN); sella
turcica - occiput (SO); naso-occiput (NO), craniec-
tomy gap (FT), and the angles: sella turcica - nasium

Fig. 1 - Schematic illustration of the coro-
nal craniectomy and lengthening of the
posterior portion of the skull.

Fig. 1 - Desenho de cranio mostrando
crantectomia covonal atingindo a fissura
ovbitaria ¢ fixagdo do aparelho no grupo A. As
setas demonstram o movimento observado com

__a ativagdo do aparelho.

Fig. 2 - Schematic illustration of the cran-
iofacial disjunction and gradual distraction
with advance of the face.

Fig. 2 - Desenho de cranio mostrando disjungio
cranio-facial e fixagao do aparelho no grupo B.

As setas demonstram o movimento observado
com a ativagio do aparelho.

|

- the most concave point of the maxilla (SNA) and
sella turcica - nasium - the most concave point of the
mandible (SNB).

RESULTS

The distraction effectively advanced the forehead. The
group A patients (Tables IV and V) had more cramal
lengthening in the occipital direction (SO 5.8 mm)
than in the forehead direction (SN 2.8 mm).

The skull had a “fan like” movement, with a big range
craniectomy gap (FT 11.5) (Fig. 3). The exophthal-
mus had little improvement (mean variation 1.8 mm),
but clinical examination showed improvement in con-
junctival hyperemia, epiphora, and eye occlusions.

Fig. 3a - Group A patient Fig. 3b - Postoperative re-
(Crouzon’s desease). Pre-  sult.

operative situation, right Fig. 3b - Perfil pds-operatério
profile. de paciente do grupo A.
Fig. 3a - Perfil pré-operatirio  Observa-se crescimento do
de paciente do grupo A crdnio no sentido dntero-pos-
(Anomalia de Crouzon). tevior:

The intercurrences did not change the final results.
One patient had seroma, pain to distraction occured
in two patients, one patient had partial temporary left
side facial nerve deficit and left eye muscle partial defi-
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cit, that returned to normality after

taking off the apparatus.
Case # Age (years) Sex Diagnosis Previous Cranial Surgery
One patient (case 2) had little p " " Apert syndrome | Decompressive craniectomy
w % . ale / el /N e .

changes not only at clinical exami- J by the age of 5 years
nation, but also at cephalometric 5 6 Fomiale | Crouizoin's disesize | No
analysis, probablly due to bad loca- -

o g L . , 6 6 Female Apert syndrome No
tion of apparatus, since bilateral
partial extrusion of the internal part i 1 sinill Vi B i
of the apparatus occured. In one Group B. Patients who underwent craniofacial disjunction and gradual bone distraction.

patient, (case 1) sella turcica length-
ening with range 8 mm was ob-
served (Fig. 4).

Patients in group B had great advance of the face and
maxilla (SN, SA, and SNA mean variation) and a little
movement of the occipital portion of the skull to back-
ward (SO) as shown in Table V. Clinically the patients
had increased the antero-posterior distance and cepha-
lic perimeter (Table IV).

Two patients had more midface advance than upper
face advance. In one patient cephalic perimeter de-
crease was observed. Exophthalmus also had correc-
tion (mean 11.7 mm) with good improvement in epi-
phora, conjunctival hyperemia, and eyes occlusions.

The intraoperative intercurrences were: midline pala-
tal fracture in two patients, frontonasal fracture in one
patient, and one patient had Le Fort class I1I fracture.
The postoperative intercurrences were: meningitis
(Streptococcus pnemwmoniae ), liquoric fistula, temporary
partial deficit left side facial nerve, pulmonary atelecta-
sis in the same patient, and apparatus relocation in
two patents. All these patients presented occlusion
class ITI (Angle) and important retrusion of the max-
illa preoperatively. After the distraction period occlu-
sion became class II with little over correction. The
middle third of the face advanced more than the up-
per third of the face in one patient.

DISCUSSION

Patients in group A, who underwent decompressive
craniectomy reaching orbital fissure and gradual bone
distraction, had a “fan like” movement with more
lengthening of the posterior portion of the skull. The
condition in wich the apparatus was located suggested
that the posterior portion of the skull is more sensible
to gradual bone distraction.

The movement of the apparatus was always greater
than the movement observed in the bone by the cepha-

Table IV

Group A Group B
Anteroposterior 31.6 (10 — 45) 22.5 (- 20 — 55)
Biauricular -83(¢-10=-5) 37(-5—=10)

Cephalic Perimeter 316 (5 — 50) 16.2 (0 — 25)

Anthropometric measures: mean (range) variation from preoperative to
postoperative values (mm).

Group A Group B
SN 28(15 =4 mm 9.1(5 = 15mm
SO 58 (0.5 — 10.5) mm 23(2 > 2.5) mm
NO 98(2 - 17.5 mm 13.7(11.5 — 16.5) mm
SA 28(1.5—4.0) mm 21.7(19 = 27 ) mm
SNA -06(-2—= 1) 145 (11 — 20)°
SNB -06(-2-1) -05(55-5)
FT 11.5(1 —265)mm 3.1 (-1 = 7.5) mm
Cephalometric analysis: mean (range) variation from preoperative (o
postoperative values,

lometric analysis. This can be explained by the pen-
etration of the apparatus claw into the bone that oc-
curred at the temporal bone, or because the measure-
ments were performed in a different vector than the
apparatus disctraction.

In one of the patients the maxilla moved anteriorly.
Despite exophthalmus correction was poor there was
an improvement in the lateral view of the superior
third of the face, and anterior projection of the fron-
tal bone.

One of the patients presented lengthening of the sella
turcica, that suggested the possibility of promoting
growth of the skull base in young children.
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Fig. 4a - Group A patient, pre-
operative radiograph,

Fig. 4a - Telerradiografia
cefalométrica de perfil pré-opeva-
toria de paciente do grupo A.

Fig. 4b - Postoperative radio-
graph: lengthening of the sella
turcica.

Fig. 4b - Telerradiografia
cefalometrica de perfil pos-opera-
tovia. Observa-se alongamento da
sela tiircica em S8mm ¢ alonga-
mento do crdnio no sentido
dntero-posterior.

\= J

Fig. 5a - Group B patient
(Apert syndrome). Preop-
erative situation.

Fig. 5a - Pré-operatorio de
paciente do grupo B
(Sindrome de Apert).

Fig. 5b - Postoperative re-
sult showing the advance-
ment of the maxilla and
correction of the
exophthalmia.

Fig. 56 - Pos-operatirio,
observa-se  corregdo da
exoftalmia ¢ avango da

maxila.

Fig. 6a - Group B patient. Preopera-
tive occlusion (Angle’s class IIT).

Fig. 6a - Oclusiao pré-operatiria de
paciente do grupo B, classe III Angle.

fos

Fig. 7a - Group B patient pre-
senting Crouzon’s disease.
Fig. 7a - Perfil pre-operatorio de
paciente do grupo B (Anomalia
de Crouzon).

Fig. 6b - Postoperative aspect showing
advancement of the maxilla and Angle’s
class II occlusion.

Fig. 6b - Oclusdo pos-operatoria. Observa-
se avango da maxila ¢ oclusao classe IT
Angle.

The group B osteotomies were more difficult to do
because we used minimal undermining using a high
frontal osteotomy. Endoscopic apparatus can be use-
ful in guiding the osteotomies. Technical difficulties

Fig. 7b - Profile view during
the lengthen period. Two lat-
eral and one sagirtal device
were used in the advancement
of the frontal region.

Fig. 7b - Perfil durante periodo
de alongamento com utilizagio de
2 aparelhos laterais e um tevceiro
em linha sagital, o fim de
promaver avango de fronte.
Observa-se avanco da maxila ¢
correcdo da exoftalmia.

while doing the osteotomies resulted in incomplete
palatal midline fractures at Rowe’s manoeuvre that
can be avoided by using a palatal plate. The Le Fort
class III fracture that occurred in one patient was fixed
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with wire. The immobilisation in such circumstances
must be done using miniplates to give more stable
bone fixation during the bone distraction.

Except for case 4, the coexisting diseases and compli-
cations were basically in the location of the apparatus
and were corrected with minimal interventions.

Patients in group B underwent a more rapid distrac-
tion of the apparatus than of bone, bur the differ-
ences were smaller than in group A (Table II). This
probablly happened because with complete osteotomy
the advance of bone is similar to the advance of the
apparatus. Case 4 did not behave this way; probably
because of his coexisting discases the distraction be-
gan on the 26™ postoperative day, after the facial ad-

vance that had been produced by the operation itself.

One of the patients developed posterior rotation of
the forehead with increased anterior projection of the
maxilla. To achieve correction of the forehead another
distraction apparatus was put at the sagittal line of
the skull. The application of two apparatuses - one on
cach side - and another one in the middle line of the
skull is useful to control the distraction better, and
avoids rotational movements.

All patients had good correction of exophthalmus, and
the occlusion that had been class III Angle became
class II. We expect that with mandibular growth the
occlusion will be better.

Patients from 6 to 11 years old were chosen because
we had more cooperation from these patients, not only
to carry out the distraction but also to perform the
cephalometric radiographs and the clinical measure-
ments. We believe that this new technique applied in
voung children can achieve encouraging results.
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