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soft tissue envelope restriction of expansion, and
correction of cranial base angulation [3].

The objective of this article is to present a
review of all reports included management of uni-
coronal synostosis with DO. In addition, we inno-
vated a new method in the treatment of cases of
anterior Plagiocephaly in an early time with the
distraction of the normal metopic suture in addition
to the distraction of the stenosed coronal suture.

METHODS

A review of the literature on DO of the cranio-
facial skeleton in cases of Unicoronal synostosis,
provided by a PUBMED search (National Library
of Medicine, NCBI, New Pubmed System), and a
Google Scholar system, was conducted from 1998
to December 2016. Keywords applied in the search
were a distraction, uni-coronal synostosis, anterior
plagiocephaly, craniosynostosis. This initial search
revealed more than 1180 articles. We excluded all
experimental articles and picked up the clinical
reports which show the usage of DO in the man-
agement of uni-coronal synostosis. The study sam-
ple of this review consisted of 16 reports that, we
analyzed them in detail (Table 1). Flow sheets were
made of each article with the specific parameters
about DO. The author, type of distraction, indica-
tions, the number of patients, age, distraction rates
and rhythms, latency and consolidation periods,
the amount of lengthening, follow-up period, re-
lapse, complications and the nature of the device
were recorded for each article on the flow sheets
and analyzed. Although some authors have pub-
lished results of same patients in more publications,
this could not be verified in detail. For analysis,
the data of all different papers were used. Data
were collected in (Table 2).
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Table (1): Review of literature of clinical reports of DO in anterior plagiocephaly with number of cases and their mean age.
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RESULTS

Over 17 years, 16 articles were published in 7
journals reported the use of DO in the treatment
of unicoronal synostosis. Six reports in Journal of
craniofacial surgery, two reports in each of PRS
and pediatric neurosurgery, and single report in
each of PRS GO, Journal of Neurosurgery, Journal
of Neurosurgery: Pediatrics, Child Nervous System
& JPRAS. A total number of patients treated by
DO were 120, the mean age at operations was 12
months, the number of distractors used varied from
one distractor in six reports, two distractors in five
reports, two to three in two reports and four to five
in two reports. The mean number of distractors
used was 2.1/patient. The mean length of distraction
was 19mm, the maximum distracted length was
45mm [4], while the minimum length was 10mm
[5]. The rate of distraction was 0.5-1mm/day; av-
erage blood loss was 100cc, average operation
time 117minutes, consolidation time varied between
2m to 5m, the single complication reported was a
dural tear in one case [6], two reports documented
special aids postoperatively helmet in 10 cases [4]
and medpore in one case [7]. Types of distractor
used in these studies varied from uniplanar in all
cases apart from NAVID distractor in two cases
and rotation distractor in 2 cases [8]. (Table 3)
illustrates the data analysis.

Case report:

A four-month-old female patient presented by
right anterior plagiocephaly (Fig. 1A). She present-
ed for the first time in March 2009. Neither of the
parents had any genetic or morphologic disorders,
the pregnancy was unremarkable, without maternal
diabetes or infections. No other medical anomalies
were identified, nor were any syndromes suspected.
For specific diagnosis, the patient was admitted to
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Al-Azhar University Hospital where three–dimen-
sional computed tomography revealed a complete
fusion of the right coronal suture (right Unicoronal
synostosis) (Fig. 2A,B). Intraoperative measure-
ments were done to metopic suture regarding mid-
line shift (16mm), Rt. Frontal bone depression in
the most lateral line (20mm).

The surgical plan included distraction osteo-
genesis without sutuerectomy to the patent metopic
suture (Trans-Membranous Sutural Distraction
Osteogenesis) and distraction osteogenesis with
suturectomy (trans-sutural distraction osteogenesis
TSuDo) to the stenosed Rt. Hemi coronal one
(Fig. 3). The operative time was 70 minutes. Blood
loss was 30ml, no need for blood or plasma trans-
fusion.

With no latency period, the applicable distrac-
tion rate was 1/3mm/day for the metopic suture
for 48 days and 2/3mm/day for the right coronal
suture for 30 days. Consolidation period was three
months then we remove the distractors and put
plates to maintain the distraction forces.

CT two-hemisphere brain volume and both
orbital index and volume were done preoperative
and post activation (Fig. 2C).

Successful distraction osteogeneses for both
sutures were achieved. We have seen a subjective
correction of cranioorbital dysmorphology without
any ocular functional problems. Intraoperative
measurements were done during removal of the
distractors with almost equal levels of a most lateral
aspect of the forehead and midline metopic suture
position. Near equal two-hemisphere brain volume
after activation period and both orbital volumes
equal with different orbital index preoperative and
after the end of activation (Fig. 1B-F).

Table (3): Analyzed data collected, ICP; Intracranial pressure.

120

19 mm

2.1

12 months

100 cc

117 minutes

0.5-1mm/day

3D CT, intracranial volume, ICP

Total number of patients

Distraction length/patient (mean)

Number of distractors used/

patient (mean)

Age of operation (mean)

Blood loss (mean)

Time of surgery (mean)

rate of distraction

Evaluation methods
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Fig. (1): A patient with uni-coronal CS before DO of both the coronal and metopic suture (A), immediately after distraction
(B) six months later (C), one year later (D), two years later (E) and four years later (F).

Fig. (2): 3D reconstructed CT images of the patient with uni-coronal suture craniosynostosis, preoperative (A), postoperative
lateral view shows suturectomy of the fused coronal suture from the coronal suture to the junction between the coronal
suture, and fronto-zygomatic suture (B), Anterior view after distraction shows the improved frontal and nasal deviation
and craniofacial asymmetry (C).

(A) (B) (C)

(A) (B) (C)

(D) (E) (F)
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Fig. (3): Intra-operative photos; transsutural DO of the Rt unicoronal (A) and transmembranous DO of metopic suture (B), both
distractors after insetting (C).

Fig. (4): 3D reconstructed CT images of the patient with uni-
coronal suture craniosynostosis, deviation of the
nasal root and Supraorbital Rim flattening, elevation,
and recession are noted.

DISCUSSION

Premature closure of uni-coronal cranial suture
induces unpleasant craniofacial deformities with
less incidence of high intracranial pressure [9].
Early surgery in functional indication is mandatory
however Pure aesthetic correction is difficult due
to age limitations and quality of the cranial bone.

Many efforts directed to guard against the
craniofacial deformities in plagiocephaly (esp. in
the 1st six months of life) using DO. However, it
was difficult to achieve consistent, satisfactory
results and symmetric growth because of variations
in growth and the degree of craniofacial deformity.
As Table (1) illustrates, numerous studies since
the late 1990's have published results of different
techniques for surgical treatment of uni-coronal
synostosis by DO. The largest series of DO in uni-
coronal synostosis was by park & Yoon [8]. In that
study, 57 patients (mean age 13 months) had an
Immediate correction of irregular head contours
after distraction at a follow-up of 41.3 months.
The youngest age at which operations was done
reported in two studies. Tahiri et al. [10] reported

five cases with the mean age was 4.8 months while
Shen et al. [7] reported a case report at the age of
six months. One study reported outcomes after the
minimally invasive procedure which involved many
smaller incisions in achieving similar osteotomies
[4]. Objective evaluation of the results was reported
in 10 studies; evaluation varied from three-
dimensional CT, head circumference, Scale of
Intelligence.

The arrest of hemicoronl suture closure induce
a shift of the metopic suture, anterior cranial base
and the nasal root (Fig. 4) so, the opposite forces
applied to released synostosed cranial suture not
enough to restore the normal craniofacial midline.
We hypothesized that coronal suture distraction
alone is not sufficient to induce a direct effect on
anterior cranial base, so the association of metopic
suture distraction to apply direct forces to cranial
base and facial component especially the nose is
mandatory. On the other hand, a vital question
arouses how come to distract a normal suture to
induce premature sutural ossification.

Vu et al. [11] conducted a study to determine
the age of closure of metopic suture, and he sug-
gests that normal or physiologic closure of the
metopic suture occurs much earlier than what has
been previously described. This study establishes
that metopic fusion may normally occur as early
as three months of age and that complete fusion
occurred by nine months of age in all patients.
Bajwa et al., concluded that there is a wide variation
in the normal fusion of the metopic suture. The
suture may fuse between 2 and 14 months in a
normal child. So the interference with the metopic
suture does not induce synostosis in this age.

Many studies explain the reverse effect of Do
on the frontoparietal temporal cranial suture, orb-
itonasal component as a facial component and the
cranial base, Choi et al. [3] hypothesized that
distraction of the cranium might cause stress on
the skull base that could modify skull base angu-

(A) (B) (C)



Egypt, J. Plast. Reconstr. Surg., January 2018 27

lation deformities. Indeed, the correction of the
skull base axis was maintained during the follow-
up period. Although the traditional techniques were
also found to correct the skull base deformities to
some degree, it seems that distraction created much
greater skull base axis changes.

The disadvantages of craniosynostosis distrac-
tion are the need for staged operations and the
discomfort associated with a long distraction period.
Indeed, forehead reshaping with distraction may
be somewhat limited, particularly in severe forms
of synostotic plagiocephaly.

Park & Yoon [13] developed the trans-sutural
distraction osteogenesis (TSuDO) operation tech-
nique of simple suturectomy and vector-controllable
distraction, which can afford successful treatment
for all types of craniosynostosis.

In this paper, we try to perform a new method
by which we can achieve both goals of treatment,
relieve of increased ICP and correct the craniofacial
morphological deformity by serving counteraction
forces to adverse the traction forces.

In this case, we used a distractor on the patent
metopic suture and placed centrally in the suture
to achieve lateral and anterobasal widening and
another distractor on the stenosed coronal suture
after sutuerectomy to advance the ipsilateral frontal
bone anteriorly and Correct deviation of the root
of the nose.

In the cranial vault, the growth stimulus arises
primarily from the expanding brain, sending signals
using the dura mater [14]. As the brain expands and
the cranial base synchondroses (cartilaginous bone
growth plates) lengthen, the sutures respond by
adding intramembranous bone at the edges of the
bone fronts, such that the sutures remain approxi-
mately the same width and the cranial vault in-
creases in size to accommodate the enlarging brain.
For sutures to function as intramembranous bone
growth sites, they need to remain in an unossified
state, yet allow new bone to be formed at the edges
of the overlapping bone fronts [15]. Based on this
fact, we supposed that distracting the Membranous
metopic suture is an easily and non-invasive pro-
cedure that will aid in improving the morphology
of the patients and we called it Membranous Sutural
Distraction Osteogenesis (MSUDO).

Conclusion:
Distraction Osteogenesis is one of the mainstay

treatments in uni-coronal synostosis. We believe
that distraction of both metopic and hemicoronal
in anterior plagiocephaly could improve the shape
and restore the midline shift.
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