Rady et al. The Egyptian Journal of Neurology, Psychiatry and Neurosurgery

(2021) 57:82
https://doi.org/10.1186/541983-021-00332-1

The Egyptian Journal of Neurology,
Psychiatry and Neurosurgery

RESEARCH Open Access

A novel surgical rotation overlapping
craniotomy technique for the management

Check for
updates

of non-syndromic anterior plagiocephaly

Mohamed Reda Rady' @®, Mamdouh Abo Elhassan® and Omar Youssef'

Abstract

the outcome and partially satisfied in 1 patient (14.3%).

Background: Nonsyndromic anterior plagiocephaly is one of the most common types of craniosynostosis. Different
surgical techniques to correct this deformity have been developed with dissatisfaction among many surgeons. In
this study, we describe a novel surgical technique to manage this pathology. The inclusion criteria were patients
presenting with non-syndromic anterior plagiocephaly below 1 year of age presenting to the Pediatric Hospital in
the period between 2016 and 2019. Surgical time, blood loss, and complications were recorded. The follow-up
period was at least 1 year postoperative, and cosmetic outcome satisfactory categories were reported.

Results: Seven patients were included in this study. No intraoperative complications were reported, and no blood
replacement was needed in any of the patients. The parents of six patients were completely satisfied (85.7%) with

Conclusion: The results of the described rotational overlapping flap technique are promising and can be
considered one of the minimally invasive techniques for the correction of this pathology.
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Background
Craniosynostosis is the premature fusion of one or more
cranial sutures that develop an irregular head shape. It
occurs approximately at 1 to 1.6 in 1000 live births [1].
Non-syndromic craniosynostosis is an isolated disorder
with no genetic syndromes associated with it. Anterior
plagiocephaly (AP) is a general term that denotes the
unilateral flattening of the cranium’s anterior quarter
and is caused by unilateral coronal synostosis (UCS) [2].
The most common types of craniosynostosis after sagit-
tal synostosis are UCS and metopic synostosis. UCS oc-
curs in 1 out of 10,000 live births [3, 4]. The reported
ratio of female to male is 68% [2].

Premature coronal suture fusion combined with the
rapidly expanding infant brain results in the typical AP
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morphology [5]. UCS produces restriction of regional
growth and compensatory expansion of adjacent regions
with an evident fronto-orbital dysmorphology [2].

Different techniques for craniosynostosis have been
developed since the 1960s, such as fronto-parietal
suturectomy, lateral canthal advancement, and bilateral
fronto-orbital advancement (FOA) [2]. Surgical interven-
tion is targeted to correct the asymmetrical forehead and
supraorbital region, with bone advancement on the af-
fected side. This procedure is preferably performed be-
fore the patient reaches 1 year of age [6].

Most literature available on the surgical management
of this pathology includes retrospective studies and case
series. Consequently, there is a wide discrepancy in the
opinions for the best treatment of non-syndromic AP
and dissatisfaction with the existing surgical procedures
among many surgeons [5].
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In this study, we describe a surgical technique to man-
age this pathology and the outcome and complications
of this procedure are reported.

Methods
This study was conducted on cases presenting with non-
syndromic AP in our University Hospital in the period
between 2016 and 2019 operated by our novel surgical
rotational overlapping unilateral frontal craniotomy
technique. All patients were diagnosed clinically. An ini-
tial CT brain and fundus examination were done to ex-
clude the presence of associated increased intracranial
pressure. The patients were operated on once the diag-
nosis was done. Inclusion criteria in this study were pa-
tients presenting with non-syndromic AP below 1 year
of age.

The surgical technique was analyzed regarding surgical
time, blood loss, complications, and postoperative hos-
pital stay.
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The patients were followed postoperatively for at least
1 year. Clinical assessment was done by examining the
forehead contour to detect bony gaps and ridges in the
follow-up period. Cosmetic outcome satisfaction of the
parents was reported, which was divided into 3 categor-
ies (satisfied, partially satisfied, not satisfied, and willing
to do a redo surgery) after comparing the preoperative
and postoperative head photographs of the patients.

In surgical technique, a coronal skin incision on the af-
fected side is done reaching the superior temporal line
on the other side with dissection and elevation of a fore-
head myocutaneous flap. A wide anteriorly based peri-
cranial flap is carefully dissected to prevent tears as it
will be used during closure to cover and enhance bone
regrowth in the defected areas.

Unilateral frontal craniotomy in the affected side is
performed extending medially 1 cm from the midline,
laterally to the squamous suture, posteriorly to the cor-
onal suture, and anteriorly just above the supraorbital

Fig. 1 a) case number 1 with right anterior plagiocephaly, intraoperative anterior view of a right frontal craniotomy with the initial burr hole
placed over the squamous suture. b) Case number 1 with right Plagiocephaly, intraoperative anterior view photo after clockwise rotation and
overlapping of the frontal craniotomy flap over the frontal bone and the supraorbital bar creating the new forehead contour. €) case number 2
with left anterior plagiocephaly, intraoperative posterior view photo of a designed left frontal craniotomy d) case number 2 with left anterior
plagiocephaly intraoperative posterior view photo after the anticlockwise rotation of the craniotomy flap to correct the skull deformity
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rim. Using a high speed drill, a single burr hole is done
at the middle of the exposed squamous suture and the
frontal craniotomy is followed (Fig. 1).

The craniotomy frontal bone flap is then rotated and
replaced to create the new forehead using the more sym-
metrical curved postero-medial surface of the craniot-
omy flap. In order to do this, the flap is rotated
clockwise for correction of right AP and anticlockwise
for the left cases. The rotated frontal craniotomy flap is
fixed overlapping the supraorbital bar anteriorly and the
anterior part of the frontal bone medially to equalize the
contralateral frontal bossing. The new positioned bone
flap is fixed in place using non-absorbable silk sutures 3/
0 through drill holes in both the craniotomy flap and the
surrounding cranium (Fig. 1).

The preserved pericranial flap is then used to cover
the whole craniotomy site including the areas with bone
defect to enhance bony healing and growth. As the tem-
poralis muscle was not detached from the skin, it is re-
placed in-block during the closure of the skin. A drain is
left in place and the wound is closed in layers.
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Results

Seven female cases with non-syndromic AP were surgi-
cally treated by our modified surgical correction tech-
nique in our department during the study period. The
age of the cases ranged from 3 to 11 months; the mean
age was 7 months.

Increased intracranial pressure was detected preoperatively
in one case. She presented delayed milestones and silver-
beaten appearance of the skull in the preoperative radio-
logical imaging. The right AP was present in 4 cases (57.1%),
and the left AP was present in 3 patients (42.9%). The deci-
sion for surgical correction was done once the condition was
diagnosed, and the preoperative investigations were done.

Surgical time ranged from 83 to 110 min with a mean
time of 95.3 min. No intraoperative complications were
reported, and no blood replacement was needed in any
of the patients. No postoperative intensive care unit
(ICU) admission was needed in our cases. As scheduled
preoperatively, all patients were discharged after 2 days.

Remodeling of the overlapped frontal bone was de-
tected in the follow-up period. Within 3 months

Fig. 2 a) 3D skull reconstruction CT showing right anterior Plagiocephaly b) immediate postoperative image showing the rotated overlapped
frontal flap ¢) 3 months postoperative image d) 1-year postoperative image showing bone remodeling and bone regrowth in the defect
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postoperatively, a smooth forehead contour, without any
bony ridges, and a normal eyebrow appearance were
achieved in all patients. Bone regrowth and filling of the
forehead bony defects took an average of 1 year postop-
eratively. Temporal depression was not observed in the
follow-up period in any of the study cases (Fig. 2).

Postoperative seizures were reported in one patient
who presented preoperatively with increased intracranial
pressure and delayed milestones. Antiepileptic drugs
were prescribed for 1 year to control the postoperative
seizures.

Clinical outcome

The follow-up period ranged from 12 to 44 months
postoperatively (mean 27.4 months). The cosmetic out-
come satisfaction reported by the parents was com-
pletely satisfied in 6 patients (85.7%) and partially
satisfied in 1 patient (14.3%). No parents of any of the
cases reported dissatisfaction with the cosmetic outcome
and the need for a re-do surgery (Figs. 3 and 4).

Discussion

Over many years, different techniques have been de-
veloped to treat AP due to non-syndromic UCS, but
the lack of quality level evidence supporting a tech-
nique’s superiority over another has resulted in prac-
tical discrepancies. The lack of both evidence-based
medicine and agreement between surgeons are
regarded as the major obstacles in decision making in
UCS management [5].
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AP surgical repair has gone from strip craniectomy to
the classic open FOA through a great advancement due
to the inconsistent results and the reported high rate of
recurrence of the strip craniectomy technique [7].

Despite global indications and implementation, all
open FOA techniques have some disadvantages. It re-
quires a long ear-to-ear scalp incision, blood transfusion
necessity due to significant blood loss amount, and a
prolonged hospital stay [7]. Several complications were
reported in literature following open FOA techniques
such as intracranial bleeding and hematomas formation,
wound infections, dural tears, and cerebrospinal fluid
leaks [8, 9]. Residual asymmetries, deformity relapses,
and contour irregularities are also not uncommon and
have been demonstrated in several studies [8—12].

The goals for efficient craniosynostosis treatment are
adequate intracranial volume, sufficient for normal brain
expansion, and to reduce the cognitive sequelae and ob-
tain a normal cranium shape [13]. From this back-
ground, we innovated the rotational overlapping flap
(ROF) technique for the correction of non-syndromic
AP and reported its complications and outcome. We be-
lieve that our new technique has several similar advan-
tages to the standard FOA, compared to minimal
invasive techniques, regarding the immediate correction
of the skull deformity and providing an adequate volume
for the expanding brain. However, the ROF has several
advantages over FOA in terms of simplicity, duration of
surgery, the need for blood transfusion and postopera-
tive hospital stay. It also has the advantage that the

Fig. 3 (a & b) Preoperative photographs of a 5 months old girl showing right anterior plagiocephaly. 3 (c & d) Photographs 1 months
postoperative showing smooth forehead contour and symmetrical forehead appearance. 3 (e & f) Photographs of the patient 48 months
postoperative showing normal forehead contour and normal orbital appearance with no temporal depression observed
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with no temporal depression observed

Fig. 4 (a & b) Preoperative photographs of a 3 months old girl showing left anterior plagiocephaly. 4 (¢ & d) Immediate postoperative
photographs. 4 (e & f) Photographs of the patient 48 months postoperative showing normal forehead contour and normal orbital appearance

postoperative remodeling helmet is not needed as in sev-
eral minimal invasive corrective techniques.

As for the ideal timing of the surgical management of
craniosynostosis, interfering before the age of 1 year is
usually recommended [14]. Most surgeons operate on
the patient as soon as possible [13]. Earlier surgical cor-
rection benefits from the thinner and softer bones which
are easier to remodel and the rapidly growing brain, thus
minimizing consequent skull deformities and facial com-
pensatory changes induced by brain growth. In older
children, the bones become harder to remodel and lose
the ossification properties and bone grafting is usually
required [15]. This time window is crucial in our

technique to obtain the best cosmetic results as it in-
volves the overlap of the relatively thin bony edges to
compensate for the deficient bone size, instead of the
more aggressive bone advancement techniques.
Prolonged surgical time and anesthesia exposure have
been related to several complications in pediatric pa-
tients. Naumann and colleagues [16] demonstrated in-
verse relations between neurodevelopment in children
with craniosynostosis and the amount of anesthesia ex-
posure. They found an average decline in developmental
test scores from 1.1 to 2.9 for every 30-min increase in
anesthesia duration. They concluded that this decline in
neurodevelopmental scores may be attributed to the
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exposure to anesthesia, unspecific surgery effects, or un-
measured variables that correlate with the duration of
surgery.

The duration of surgery in our series ranged from 83
to 110 min with a mean time of 95.3 min. This duration
was markedly shorter than the duration of surgery for
open corrective procedures reported in the literature.
Guzman and colleagues [17] reported a mean operative
time of 210 min in their series, and a hospital stay of 4.5
days compared to 2 days in our study. Zakhary and col-
leagues [8] reported an average surgical time of 216.7
min. Hassanpour and colleagues [18] also reported an
average anesthetic time of 397.72 min in their study and
an average hospital stay of 7.84 days.

Management of intraoperative unavoidable blood loss
presents the greatest anesthetic challenge for craniosyn-
ostosis surgical correction [19]. Significant blood loss
can occur from the subgalial tissues, bony edges, and
dural sinuses breeching. Postoperative ICU admission
and elective postoperative ventilation can be considered
with prolonged surgical duration and hemodynamic in-
stability [19, 20]. No intraoperative complications were
reported in our study, and no blood transfusion was
needed in any of the patients due to minimal surgical
blood loss. Postoperatively, no ICU admission was re-
corded in any of the study cases and the patients were
admitted to the ward. No wound infections or CSF leak-
age was reported in the follow-up period. This is prob-
ably attributed to the simplicity of the procedure, short
operative and anesthetic time, and early hospital dis-
charge besides the small number of patients.

For postoperative evaluation, several methods have
been proposed for the analysis of the results of different
surgical correction procedures for craniosynostosis such
as repeated CT scans and different classification and
scorings systems [6]. In the present study, we used stan-
dardized photographs to evaluate postoperative results
based on the preoperative deformities of AP. The advan-
tage of this simple method in comparison to other sug-
gested methods [21-25] is that photographs can be
taken easily routinely in the follow-up clinics, and there-
fore, the data are readily available. Furthermore, it is not
time-consuming and does not involve radiation expos-
ure. This method was previously used by Hilling and
colleagues [6] in their evaluation of the long-term aes-
thetic results of fronto-orbital correction for AP.

A theoretical disadvantage of using photographs is its
exaggeration of revealing deformities compared with the
given real-life three-dimensional impression [6]. There-
fore, we added the subjective satisfactory cosmetic out-
come reported by the parents of the patients to our
outcome evaluation.

Follow-up Ct brain with 3D skull reconstruction was
done only in the first 2 cases of the study after 3 months
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and 1 year postoperatively to confirm bone remodeling
and the occurrence of bony fusion.

A very promising cosmetic outcome satisfaction was
reported by the parents of the operated patients in the
present study. Complete satisfaction was reported by the
parents of 6 patients (85.7%) while the parents of 1 pa-
tient were partially satisfied (14.3%). Their partial satis-
faction was due to the presence of post-operative
epilepsy and not related to cosmetic outcomes. No dis-
satisfaction or the need for a re-do surgery was reported
by any of the parents. Our results revealed that our sur-
gical technique produced appreciable improvement in all
the presenting features of AP. The forehead shape was
the most obvious preoperative deformity; therefore, our
technique was mainly directed towards its correction.
This was achieved by the rotation of the frontal craniot-
omy flap to use the more symmetrical curved surface of
the postero-medial part of the frontal bone to replace
the deficient flattened frontal part creating the new fore-
head shape. Moreover, augmentation of the frontal bone
was done by overlapping the edges of the craniotomy
flap with the anterior frontal bone medially to equalize
the exaggerated contralateral frontal bossing.

Despite that our technique does not include correction
of any accompanying orbital dystopia, improvement in
the orbital appearance and normalization of the horizon-
tal orbital position were probably achieved by the release
and correction of the frontal supraorbital region. This
observation was also reported by Hilling and colleagues
[6] without addressing orbital dystopia correction in
their surgical correction technique. In addition, we be-
lieve that the augmentation of the supraorbital region by
the intended overlapping of the frontal craniotomy flap
anteriorly over the supraorbital bar added to the
normalization of the orbital appearance and conse-
quently to the cosmetic outcome.

Temporal depression is a common observation follow-
ing open FOA techniques. Several causes have been at-
tributed to this cosmetic complication such as
temporalis muscle suspension and atrophy, superficial
temporal fat pad atrophy, and inadequate correction and
advancement [26, 27]. Different techniques to avoid this
problem have been proposed, such as temporal muscle
elevation with the scalp flap [28], advancement and re-
suspension of the temporalis muscle [29, 30], and
musculo-osseous advancement flap [31, 32]. However,
these techniques have failed to prevent this characteristic
complication [31-33]. Ak Oh and colleagues [34] sug-
gested that the inferior coronal gap between the ad-
vanced frontal bone and the parietal bone is the main
cause of this finding causing a lack of structural continu-
ity and support for the advanced temporalis muscle.
They assumed that ossification of the wide bony gap oc-
curs efficiently before dural expansion is complete with



Rady et al. The Egyptian Journal of Neurology, Psychiatry and Neurosurgery

a resultant bony depression. This is markedly obvious as
the infantile temporalis muscle bulk is insufficient to
hide the underlying depression [34].

In our study, temporal depression was not observed in
any of the cases in the follow-up period. We believe that
this was attributed to many factors. Our technique
followed all the recommendations to ensure a healthy
postoperative temporalis muscle to prevent its atrophy.
A myocutaneous flap was done in all cases, and no ad-
vancement and re-suspension of the temporalis muscle
were needed. Unlike the FOA techniques, the ROF tech-
nique prevented the development of a significant struc-
tural bony discontinuity with an adequate underlying
bony support for the temporalis muscle. Moreover, our
technique prevented the creation of the wide inferior
coronal gap and its assumed role in the development of
the postoperative temporal bony depression.

Conclusion

The described ROF technique can be considered one of
the minimally invasive techniques for the correction of
non-syndromic AP with the advantages of the more ag-
gressive corrective procedures. The initially reported re-
sults of this technique are very promising with a lot of
advantages. A larger scale of patients is required in fu-
ture studies for more evaluation of this technique.

Abbreviations

AP: Anterior plagiocephaly; CT: Computed tomography; FOA: Fronto-orbital
advancement; ICU: Intensive care unit; ROF: Rotational overlapping flap;
UCS: Unilateral coronal synostosis

Acknowledgements
Not applicable

Declarations

Authors’ contributions

Prof. MR and MA were the operator and professor of the study. OY collected
and analyzed the data and interpreted it and followed-up the patients with
prof. MR. The authors have read and approved the manuscript and ensure
that this is the case.

Funding
All the authors did not receive any funding. No funding was obtained for
this study.

Availability of data and materials
All the data is available.

Ethics approval and consent to participate

This is study is ethically approved by the Neurosurgery Department Cairo
University (Prof Mohamed Hafez Ramdan in (7/11/2018); since the reference
number is not applicable, we just take approval from our department. This
study does not need participation consent as its experiments do not involve
humans. It just shows our experience and outcome of surgical treatment of
anterior plagiocephaly which was first described by Rougerie in 1972 with a
lot of modification since this year.

Consent for publication
Patient photographic authorization and release are signed by the guardian
(father) for the two cases.

(2021) 57:82 Page 7 of 8

Competing interests

The authors have no personal, financial, institutional interest, or industry
affiliations in any of the drugs, materials, or devices described in this article.
The authors declare that they have no competing interests.

Author details

'Department of Neurosurgery, Faculty of Medicine, Cairo University, kasr
Alainy Street, Cairo, Egypt. “Department of Pediatric Surgery, Cairo University,
Cairo, Egypt.

Received: 28 February 2021 Accepted: 7 June 2021
Published online: 29 June 2021

References

1. Keating RF. Craniosynostosis: diagnosis and management in the new
millennium. Pediatr Ann. 1997;26(10):600-12. https://doi.org/10.3928/
0090-4481-19971001-07.

2. Silav G, Avci G, Akan M, Taylan G, Elmaci |, Akoz T. The surgical treatment of
plagiocephaly. Turk Neurosurg. 2011;21(3):304-14. https://doi.org/10.5137/1
019-5149.JTN.4095-11.1.

3. Slater BJ, Lenton KA, Kwan MD, Gupta DM, Wan DC, Longaker MT. Cranial
sutures: a brief review. Plast Reconstr Surg. 2008;121(4):170-8.

4. Lajeunie E, Le Merrer M, Bonaiti-Pellie C, Marchac D, Renier D. Genetic study
of nonsyndromic coronal craniosynostosis. Am J Med Genet. 1995;55(4):
500-4. https://doi.org/10.1002/ajmg.1320550422.

5. Moderie C, Govshievich A, Papay F, Fearon J, Gosain A, Doumit G. Current
trends in management of nonsyndromic unilateral coronal craniosynostosis.
Plast Reconstr Surg Glob Open. 2019;7(5):2229.

6. Hilling DE, Mathijssen IMJ, Mulder PGH, Vaandrager JM. Long-term aesthetic
results of frontoorbital correction for frontal plagiocephaly. J Neurosurg
Pediatr. 2006;105(1):21-5. https://doi.org/10.3171/ped.2006.105.1.21.

7. Matushita H, Alonso N, Cardeal DD. Frontal-orbital advancement for the
management of anterior plagiocephaly. Childs Nerv Syst. 2012;28(9):1423-7.
https://doi.org/10.1007/500381-012-1765-1.

8. Zakhary GM, Montes DM, Woerner JE, Notarianni C, Ghali GE. Surgical
correction of craniosynostosis. A review of 100 cases. J Cranio-Maxillofacial
Surg. 2014:42(8):1684-91. https://doi.org/10.1016/j.jcms.2014.05.014.

9. Guo Z Ding M, Mu X, Chen R. Operative treatment of coronal
craniosynostosis: 20 years of experience. Surg Neurol. 2007,68(6 SUPPL):18-
21.

10.  Selber JC, Brooks C, Kurichi JE, Temmen T, Sonnad SS, Whitaker LA. Long-
term results following fronto-orbital reconstruction in nonsyndromic
unicoronal synostosis. Plast Reconstr Surg. 2008;121(5):251-60.

11. Hansen M, Padwa BL, Scott RM, Stieg PE, Mulliken JB. Synostotic frontal
plagiocephaly: anthropometric comparison of three techniques for surgical
correction. Plast Reconstr Surg. 1997;100(6):1387-95. https://doi.org/10.1097/
00006534-199711000-00002.

12. McCarthy JG, Glasberg SB, Cutting CB, Epstein FJ, Grayson BH, Ruff G, et al.
Twenty-year experience with early surgery for craniosynostosis: I. Isolated
craniofacial Synostosis—results and unsolved problems. Plast Reconstr Surg.
1995,96(2):272-83. https://doi.org/10.1097/00006534-199508000-00004.

13. Ferreira MP, Collares MV, Ferreira NP, Kraemer JL, Pereira Filho AA, Pereira
Filho GA. Early surgical treatment of nonsyndromic craniosynostosis. Surg
Neurol. 2006;65(SUPPL.1):22-6.

14. Warren SM, Proctor MR, Bartlett SP, Blount JP, Buchman SR, Burnett W, et al.
Parameters of care for craniosynostosis: craniofacial and neurologic surgery
perspectives. Plast Reconstr Surg. 2012;129(3):731-7. https.//doi.org/10.1097/
PRS.0b013e3182412a50.

15. Persing JA. MOC-PS(SM) CME article: management considerations in the
treatment of craniosynostosis. Plast Reconstr Surg. 2008;121(4 Suppl):1-11.
https://doi.org/10.1097/01.prs.0000305929.40363.bf.

16. Naumann HL, Haberkern CM, Pietila KE, Birgfeld CB, Starr JR, Kapp-Simon KA,
et al. Duration of exposure to cranial vault surgery: associations with
neurodevelopment among children with single-suture craniosynostosis.
Pediatr Anesth. 2012;22(11):1053-61. https://doi.org/10.1111/j.1460-9592.2
012.03843.x.

17. Guzman R, Looby JF, Schendel SA, Edwards MSB. Fronto-orbital
advancement using an en bloc frontal bone craniectomy. Oper Neurosurg.
2011,68(suppl_1):68-74.

18.  Hassanpour SE, Abbasnezhad M, Alizadeh Otaghvar H, Tizmaghz A. Surgical
correction of unicoronal craniosynostosis with frontal bone symmetrization


https://doi.org/10.3928/0090-4481-19971001-07
https://doi.org/10.3928/0090-4481-19971001-07
https://doi.org/10.5137/1019-5149.JTN.4095-11.1
https://doi.org/10.5137/1019-5149.JTN.4095-11.1
https://doi.org/10.1002/ajmg.1320550422
https://doi.org/10.3171/ped.2006.105.1.21
https://doi.org/10.1007/s00381-012-1765-1
https://doi.org/10.1016/j.jcms.2014.05.014
https://doi.org/10.1097/00006534-199711000-00002
https://doi.org/10.1097/00006534-199711000-00002
https://doi.org/10.1097/00006534-199508000-00004
https://doi.org/10.1097/PRS.0b013e3182412a50
https://doi.org/10.1097/PRS.0b013e3182412a50
https://doi.org/10.1097/01.prs.0000305929.40363.bf
https://doi.org/10.1111/j.1460-9592.2012.03843.x
https://doi.org/10.1111/j.1460-9592.2012.03843.x

Rady et al. The Egyptian Journal of Neurology, Psychiatry and Neurosurgery

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

and staggered osteotomies. Plast Surg Int. 2018;2018:1-4. https://doi.org/1
0.1155/2018/3793592.

Hughes C, Thomas K, Johnson D, Das S. Anesthesia for surgery related to
craniosynostosis: a review. Part 2. Paediatr Anaesth. 2012,23(1):22-7. https://
doi.org/10.1111/j.1460-9592.2012.03922.x.

Thomas K, Hughes C, Johnson D, Das S. Anesthesia for surgery related to
craniosynostosis: a review. Part 1. Paediatr Anaesth. 2012,22(11):1033-41.
https.//doi.org/10.1111/].1460-9592.2012.03927 x.

Kocabalkan O, Owman-Moll P, Sugawara Y, Friede H, Lauritzen C.
Evaluation of a surgical technique for trigonocephaly. Scand J Plast
Reconstr Surg Hand Surg. 2000;34(1):33-42. https://doi.org/10.1080/02
844310050160150.

Christophis P, Jinger TH, Howaldt HP. Surgical correction of scaphocephaly:
experiences with a new procedure and follow-up investigations. J Cranio-
Maxillofacial Surg. 2001;29(1):33-8. https://doi.org/10.1054/jcms.2000.0182.
Lo LJ, Marsh JL, Yoon J, Vannier MW. Stability of fronto-orbital advancement
in nonsyndromic bilateral coronal synostosis: a quantitative three-
dimensional computed tomographic study. Plast Reconstr Surg. 1996,98(3):
393-405. https://doi.org/10.1097/00006534-199609000-00002.

Waitzman AA, Posnick JC, Armstrong DC, Pron GE. Craniofacial skeletal
measurements based on computed tomography: part Il. normal values and
growth trends. Cleft Palate-Craniofacial J. 1992;29(2):118-28. https//doi.
0rg/10.1597/1545-1569_1992_029_0118_csmboc_2.3.co_2.

Posnick JC, Lin KY, Chen P, Armstrong D. Metopic synostosis: quantitative
assessment of presenting deformity and surgical results based on CT scans.

Plast Reconstr Surg. 1994;93(1):16-24. https://doi.org/10.1097/00006534-1994

01000-00003.

Gomez E, Martin M, Arias J, Carceller F. Clinical applications of Norian SRS
(calcium phosphate cement) in craniofacial reconstruction in children: our
experience at Hospital La Paz since 2001. J Oral Maxillofac Surg. 2005;63(1):
8-14. https://doi.org/10.1016/j.,joms.2004.09.008.

Lacey M, Antonyshyn O, MacGregor JH. Temporal contour deformity after
coronal flap elevation. J Craniofac Surg. 1994;5(4):223-7. https.//doi.org/10.1
097/00001665-199409000-00005.

Grant JH, Roberts TS, Loeser JD, Gruss JS. Onlay Bone graft augmentation
for refined correction of coronal synostosis. Cleft Palate-Craniofacial J. 2002;

39(5):546-54. https://doi.org/10.1597/1545-1569_2002_039_0546_obgafr_2.0.

co_2.

Barone CM, Jimenez DF, Boschert MT. Temporalis muscle resuspension
using titanium miniplates and screws: technical note. Neurosurgery. 2001;
48(2):450-1. https://doi.org/10.1097/00006123-200102000-00049.

Webster K, Dover MS, Bentley RP. Anchoring the detached temporalis
muscle in craniofacial surgery. J Cranio-Maxillofacial Surg. 1999,27(4):211-3.
https://doi.org/10.1016/51010-5182(99)80031-6.

Persing JA, Mayer PL, Spinelli HM, Miller L, Criscuolo GR. Prevention of
“temporal hollowing” after fronto-orbital advancement for craniosynostosis.
J Craniofac Surg. 1994;5(4):271-4. https://doi.org/10.1097/00001665-1994
09000-00018.

Narayan D, Persing JA. Cosmetic concerns in pediatric craniofacial surgery.
Neurosurg Clin N Am. 2002;13(4):505-13. https://doi.org/10.1016/51042-3
680(02)00022-0.

Gosain AK. Hydroxyapatite cement paste cranioplasty for the treatment of
temporal hollowing after cranial vault remodeling in a growing child. J
Craniofac Surg. 1997;8(6):506-11. https://doi.org/10.1097/00001665-199711
000-00017.

Oh AK, Greene AK, Mulliken JB, Rogers GF. Prevention of temporal
depression that follows fronto-orbital advancement for craniosynostosis. J
Craniofac Surg. 2006;17(5):980-5. https://doi.org/10.1097/01.5¢5.0000230015.1
6401.1d.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

(2021) 57:82 Page 8 of 8

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1155/2018/3793592
https://doi.org/10.1155/2018/3793592
https://doi.org/10.1111/j.1460-9592.2012.03922.x
https://doi.org/10.1111/j.1460-9592.2012.03922.x
https://doi.org/10.1111/j.1460-9592.2012.03927.x
https://doi.org/10.1080/02844310050160150
https://doi.org/10.1080/02844310050160150
https://doi.org/10.1054/jcms.2000.0182
https://doi.org/10.1097/00006534-199609000-00002
https://doi.org/10.1597/1545-1569_1992_029_0118_csmboc_2.3.co_2
https://doi.org/10.1597/1545-1569_1992_029_0118_csmboc_2.3.co_2
https://doi.org/10.1097/00006534-199401000-00003
https://doi.org/10.1097/00006534-199401000-00003
https://doi.org/10.1016/j.joms.2004.09.008
https://doi.org/10.1097/00001665-199409000-00005
https://doi.org/10.1097/00001665-199409000-00005
https://doi.org/10.1597/1545-1569_2002_039_0546_obgafr_2.0.co_2
https://doi.org/10.1597/1545-1569_2002_039_0546_obgafr_2.0.co_2
https://doi.org/10.1097/00006123-200102000-00049
https://doi.org/10.1016/S1010-5182(99)80031-6
https://doi.org/10.1097/00001665-199409000-00018
https://doi.org/10.1097/00001665-199409000-00018
https://doi.org/10.1016/S1042-3680(02)00022-0
https://doi.org/10.1016/S1042-3680(02)00022-0
https://doi.org/10.1097/00001665-199711000-00017
https://doi.org/10.1097/00001665-199711000-00017
https://doi.org/10.1097/01.scs.0000230015.16401.1d
https://doi.org/10.1097/01.scs.0000230015.16401.1d

	Abstract
	Background
	Results
	Conclusion

	Background
	Methods
	Results
	Clinical outcome

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Declarations
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

