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Sagittal synostosis is the most common form of 
isolated, nonsyndromic craniosynostosis, ac-
counting for more than half of all the craniosyn-

ostosis cases.1–3 Traditionally, sagittal craniosynostosis 
has been surgically managed by open cranial vault 
reconstruction. More recently, endoscopic-assisted 
strip craniectomy with postoperative helmet mold-
ing has been used effectively in children younger 
than 6 months old.4–6 The surgical treatment of de-
layed presentation of sagittal synostosis has largely 
been limited to open vault reconstruction. Although 
excellent cosmetic outcomes and resolution of intra-
cranial hypertension are obtained, there are draw-
backs including long operative times, high volume 
blood loss, and a high incidence of persistent post-
operative cranial vault bony defects.7–10
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Background: Historically, surgical treatment of children with a delayed pre-
sentation of cranial synostosis required complex cranial vault reconstruc-
tion. Recently, less invasive options for surgical correction, such as internal 
distraction osteogenesis, have been explored. In this study, we describe the 
successful management of delayed presentation of sagittal synostosis using 
distraction osteogenesis.
Methods: A bicoronal incision was made and 2 large rectangular osteoto-
mies were performed bilaterally, involving the frontal, parietal, temporal 
and occipital bones. A 2 cm strut of bone over the sagittal sinus was pre-
served, creating bilateral free-floating bone segments. Two pairs of distrac-
tors were placed transversely, along the midline strut of bone, providing 
lateral distraction of these segments. This placement allowed maximum 
displacement at the apex of the cranial vault. Distraction was performed 
differentially at 1 mm per day anteriorly and 2 mm per day posteriorly, for a 
total of 17 days, allowing for a greater degree of expansion of the posterior 
vault. The consolidation phase lasted for 10 weeks. The distractors were 
removed via the same bicoronal incision and cranioplasty was performed 
to smooth prominent ridging at the margins of the distracted segments.
Results: The child’s cranial index improved from 0.67 preoperatively to 
0.76 postoperatively. The overall vault contour was smooth with no bony 
defects. There was a significant cosmetic improvement of the child’s head 
shape. No major complications requiring reoperation or rehospitalization 
were encountered.
Conclusion: The use of distraction osteogenesis to laterally expand the  
cranial vault is a useful alternative in the treatment of delayed presentation, 
nonsyndromic, sagittal synostosis. (Plast Reconstr Surg Glob Open 2015;3:e474; 
doi: 10.1097/GOX.0000000000000442; Published online 24 July 2015.)
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To avoid the morbidities associated with open 
vault reconstruction, surgical correction using in-
ternal distraction osteogenesis has been explored. 
The majority of previous studies evaluated the effec-
tiveness of distraction osteogenesis in the setting of 
multiple suture synostosis.11–17 Limited information 

has been published concerning the use of distrac-
tion osteogenesis for the treatment of isolated sagit-
tal synostosis.18,19

In this report, we describe the successful manage-
ment of delayed presentation of sagittal synostosis 
using our distraction osteogenesis technique. The 
technique was designed so that the anterior and pos-
terior vault expansion can be individualized to spe-
cific patient needs to obtain a normal head shape.

METHODS
The patient was positioned prone with the neck 

extended. The cranial vault was approached through 
a bicoronal incision (Fig. 1). Bilateral rectangular 
craniotomies were performed (Fig. 2). These in-
volved the parietal, temporal, and occipital bones 
on each side and extended to the coronal suture 
anteriorly and the lambdoid suture posteriorly. A 
2 cm strut of bone over the sagittal sinus, connecting 
the frontal to the occipital areas, was preserved. In 
situ barrel stave osteotomies were performed in the 
frontal, temporal, and occipital regions. Two pairs 
of linear internal distractors were placed transverse-
ly (Fig. 2). Distractor extension arms were attached 
and exteriorized through stab incisions. The scalp 
flaps were reapproximated and incision was closed.

To achieve a greater degree of expansion of the 
posterior vault, distraction was performed differen-
tially at 0.5 mm per day anteriorly and 1 mm per day 

Fig. 1. Preoperative findings. Cephalic view photograph dis-
playing severe scaphocephaly.

Fig. 2. Distraction osteogenesis technique. Placement of dis-
tractors.

Fig. 3. Postdistraction findings. Removal of distractors.
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posteriorly. The activation was done for a total of 17 
days, with an endpoint of satisfactory cranial vault 
contour on physical examination. After 10 weeks 
of consolidation, clinical ossification at the level of 
the distracted areas was obtained and the distractors 
were removed (Fig. 3). Concomitantly, with the re-
moval of the distractors, a contouring cranioplasty 
was performed to smooth the prominent step-offs 
generated by the distraction process.

RESULTS
A 20-month-old boy presented to Primary Chil-

dren’s Hospital in Salt Lake City, Utah, for evaluation 
of abnormal head shape. Severe scaphocephaly with 
frontal bossing was noted on physical examination 
(Fig. 1). No significant clinical evidence of increased 
intracranial pressure was apparent. A computed 
tomographic (CT) imaging study was performed, 
which confirmed the diagnosis of isolated sagittal 
synostosis. The preoperative cranial index measured 
on CT axial images was 0.67.

There were no intraoperative or postoperative 
complications. Estimated blood loss was 200 mL. No 
transfusions were required. The patient was admitted 
postoperatively and discharged home on day 4. The 
patient was seen in clinic weekly until the  activation 
was completed and had excellent head shape on 
physical examination. Objectively, on x-ray imaging, 
the cranial index improved to 0.8. The patient was 

subsequently seen in clinic monthly. After 1 month of 
consolidation, there were no palpable bony defects.

A 1-year follow-up CT scan was performed. Small 
areas lacking ossification were seen bilaterally at 
the sites of distraction. The physical examination 
showed continued excellent head shape (Fig. 4). No 
bony defects were appreciated on palpation. The 
measured cranial index remained stable at 0.8.

DISCUSSION
Delayed presentation of craniosynostosis has tra-

ditionally been managed with complex cranial vault 
reconstruction. This carries with it long operating 
room times, high-volume blood losses, extended 
postoperative hospital stays, and persistent large 
bony defects (as the closure of cranial bony defects 
after vault surgery is significantly decreased after 12 
months of age20).

Since calvarial distraction for craniosynostosis 
was first described by Sugawara et al13 in 1998, it has 
been gaining popularity for treatment of syndromic 
and multiple suture synostosis.11,12,14–17 Few studies 
have addressed its usefulness in the management 
of patients with single-suture synostosis.18,19 Tech-
niques employing distraction osteogenesis have 
shown  several advantages over vault reconstruction. 
These include decreased operative time, decreased 
blood loss,17,19 and association with smaller persis-
tent bony defects.

The goals of the surgical correction for patients 
with scaphocephaly are to treat or prevent the de-
velopment of increased intracranial pressure and 
to improve head shape. To recreate a normal skull 
shape, posterior cranial expansion must be greater 
than anterior cranial expansion. To achieve this, sep-
arate anterior and posterior cranial distractors were 
placed to control the differential lateral expansion. 
The inferior cranium was expanded via circumferen-
tial multiple barrel staves.

Three previous studies used cranial vault distrac-
tion in the setting of scaphocephaly. Lao and Den-
ny18 used a single distractor placed posteriorly with 
a hinge plate placed anteriorly to completely restrict 
the lateral expansion of the anterior vault. Sakamo-
to et al19 introduced the “morcellation craniotomy” 
technique using 2 distractors in parallel at the level 
of the posterior vault, with passive remodeling of 
anterior vault osteotomies. A third technique, by 
Sugawara et al,14 involved creation of multiple crani-
otomies of the entire superior vault. Multidirectional 
expansion was achieved using individual distractors 
attached to each craniotomy segment. Of note, none 
of these techniques provided any significant lateral 
expansion of the inferior cranium.

Fig. 4. one-year follow-up cephalic view photograph 
 displaying excellent correction of the scaphocephaly.
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The technique described in the current report 
is unique as it is relatively simple, quick, and al-
lows differential lateral expansion of the entire 
superior cranium as well as lateral expansion of 
the inferior cranium to provide excellent aesthetic 
head reshaping.

CONCLUSION
The use of distraction osteogenesis to laterally ex-

pand the anterior and posterior cranial vault at dif-
ferent rates has a very good cosmetic outcome and 
represents a viable alternative in the treatment of 
delayed presentation of sagittal synostosis. 
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