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Abstract
Background: Craniosynostosis is a deformity of the skull that occurs as a result of early fusion of one or more cranial sutures and
can be accompanied by neurological de�cits. Craniosynostosis can be classi�ed as syndromic or non-syndromic according to the
type of suture involved. Surgical treatment of craniosynostosis in infants basically involves loosening and opening the fused
sutures to reduce intracranial pressure, allow the brain to grow, and also �x the skull shape. However, in such cases there is a risk
of re-synostosis after surgery. According to the literature, re-synostosis rates vary between 0% and 70%. In this study, we aimed to
evaluate the re-operation rate in craniosynostosis cases treated surgically in our clinic.

Methods: A retrospective analysis of 70 non-syndromic craniosynostosis cases treated surgically in the Neurosurgery Department
of Bursa Uludag University from 2005–2019 was performed. All patients had undergone total cranial vault remodeling surgically
and had been followed up for at least a year.

Results: The study group included 70 patients, comprising 40 (57.1%) male and 30 (42.9%) female patients. The mean age of the
group was 10.9 ± 7.8 months (range 3–34 months). Out of 70 patients, repeat surgery due to re-synostosis had been performed
once in 5 (7.1%) patients and twice in 1 (1.4%) patient.

Conclusion: Early identi�cation and prompt referral play a very signi�cant role in the management of patients with
craniosynostosis. Further studies based on a larger sample size are recommended for more quantitative data and better results.

Introduction
The term craniosynostosis was coined by Otto in 1830, who de�ned it as the premature fusion of cranial sutures leading to
cranial deformity. In 1851, Virchow laid down the general rules for explaining the cranial deformities accompanying
craniosynostosis that resulted in interrupted growth and compensatory changes of the skull. Although craniosynostosis is
considered to be primarily a developmental defect originating in utero or immediately after birth, several theories have been put
forth to explain the etiology of this condition. Advancements in this �eld have resulted in the identi�cation of genetic mutations
related to craniosynostosis syndromes, which has in turn facilitated a better understanding of the mechanisms and factors
related to this condition[5].

There exist several classi�cation systems for craniosynostosis. First, depending on the number of sutures undergoing premature
fusion, craniosynostosis is termed as simple (a single suture) or complex (two or more sutures). Second, the condition is
categorized as primary if it is a case of an isolated craniosynostosis or secondary when it occurs along with comorbidities such
as hematological or metabolic disorders, hyperthyroidism, etc. Lastly, the condition is classi�ed as syndromic if it involves
multiple organs or non-syndromic if it is an isolated case of craniosynostosis, which is the most common anomaly [9].

Non-syndromic craniosynostosis is observed in 80–85% of the cases. Among the different types of non-syndromic
craniosynostosis, the most common is scaphocephaly (fusion of the sagittal suture), which constitutes 40–60% of all cases. The
others include trigonocephaly (fusion of the metopic suture), posterior plagiocephaly (fusion of the lambdoid suture),
brachycephaly (fusion of the bicoronal suture), and anterior plagiocephaly (fusion of the unicoronal suture) [6]. Syndromic
craniosynostosis, like Apert, Crouzon, Muenke, Pfeiffer, Saethre-Chotzen, affects up to 1:30,000 live births with characteristic
craniofacial growth restrictions, deformities, and other associated abnormalities. More than 150 syndromes are associated with
craniosynostosis.

The fundamental goal of surgical management of craniosynostosis is to loosen the fused sutures for the creation of su�cient
space in the cranial vault for the brain to grow, prevent the complications of excessive intracranial pressure, and �x the skull
shape. Although there are several surgical approaches such as endoscopic suturectomy, spring-assisted surgery, and total cranial
vault remodeling. Total cranial vault remodeling with an optimum surgical duration of 2–12 months, is most commonly used in
various centers [8].

The rates of re-operation are not clearly de�ned in the literature. They have been reported to vary between 0% and 70%. There are
contradictory reports with regard to the most frequently noted re-synostosis based on the type of sutures involved. Some authors
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state that it is most common in sagittal sutures [4] whereas others maintain that it is least common in these sutures [1]. Hence,
we aimed to analyze the re-operation rates in the craniosynostosis cases that were surgically treated in our clinics.

Material And Methods
A retrospective analysis of 70 infants who had been operated upon for non-syndromic craniosynostosis between 2005 and 2019
in the Neurosurgery Department of the Medical Faculty of Bursa Uludag University was conducted. All of them had undergone
total cranial vault remodeling surgery and had been followed up for at least a year.

Surgical Procedure

Depending on the closed suture, The patient was operated in the prone or supine position. A bicoronal incision was made through
the anterior and posterior fontanelle and the skin �aps were elevated up to the supraorbital rim anteriorly and external occipital
tubercle posteriorly. The periosteum was dissected and biparietal craniotomy performed. During this process, extreme caution
was exercised to avoid any bleeding. The temporal muscles were peeled up to the squamous part of the bilateral temporal bones.
Four bilateral burr-holes were made 2–3 cm lateral to the midline. Depending on the severity of the scaphocephaly, sagittal suture
excision was performed, and the skull was re-shaped with “π” osteotomies. The sagittal suture was cut at its edges in the form of
a bar and separated from the dural sinuses. Barrel stave osteotomies were performed on the frontal and occipital bones at equal
intervals to increase the intertemporal width and broaden the occipital region. A “π” shape was created after removing 2
additional bone bars from the bilateral temporal bones. A curvilinear bone incision extending inferiorly and superiorly from the
anterior leg of the “π” was made to increase the biparietal diameter and loosen the temporal bone. The resulting bone �aps were
stretched outwardly. A silicon drain was placed in the surgical area to provide drainage to the entire epidural space. The bone
�aps were �xed to the sagittal suture with several 2 − 0 non-absorbable sutures, and the wound was closed in layers.

Results
The 70 craniosynostosis cases comprised 32 (45.7%) scaphocephaly, 24 (34.3%) trigonocephaly, 6 (8.6%) plagiocephaly, 5 (7.1%)
brachycephaly, and 3 (4.3%) pansynostosis cases.

There was a male predominance among the patients who underwent surgery, as there were 40 (57.1%) males and 30 (42.9%)
females. The mean age of the entire study group was 10.9 ± 7.8 months (range 3–34 months). The mean values of the various
parameters related to the surgery are as follows: surgical duration was 108 ± 37 min (range 60–225 min), estimated blood loss
was 66.7 ± 37.2 cc (range 10–150 cc), intraoperative blood transfusion requirement was 72.5 ± 48.3 cc (range 0–220 cc), and
length of stay in the hospital was 2.6 ± 2.2 days (range 0–12 days) (Table 1).
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Table 1
All operated non-syndromic craniosynostosis cases at our center

Type of
Craniosynostosis

No. (%) Sex Age(M) Time of
Operation(min)

Amount of
Bleeding(cc)

Amount of
Transfusion
(cc)

Time of
Hospitalization(d)

Scaphocephaly 32(%45,7) 19
M,
13F

10,4 ± 6,9

(3–31)

107,6 ± 36,4

(60–225)

66,6 ± 37,2

(10–150)

72,5 ± 48,3

(0-220)

2,6 ± 2,2

(1–12)

Trigonocephaly 24(%34,3) 15
M

9 F

9,4 ± 4,6

(4–22)

127,1 ± 29,1

(75–180)

100,4 ±
56,3

(30–300)

105 ± 71,9

(30–400)

2,4 ± 1,1

(1–5)

Plagiocephaly 6(%8,6) 3 M

3 F

16,6 ± 15,1

(6–34)

125 ± 39

(75–180)

59,1 ± 32,3

(10–100)

56,6 ± 34,4

(0–90)

2,6 ± 1,7

(1–6)

Brachycephaly 5(%7,1) 2 M

3 F

8,5 ± 6

(3–17)

123,7 ± 41,5

(90–180)

58,7 ± 42,8

(20–120)

58,7 ± 42,8

(20–120)

2 ± 0,8

(1–3)

Pansynostosis 3(%4,3) 1 M

2 F

9 ± 3

(6–12)

160 ± 105,3

(60–270)

116,6 ±
66,5

(60–190)

116,6 ±
73,7

(30–200)

3 ± 0

(3)

M: moths, min: minutes, cc: cubic centimeter, d: day

Out of the 70 patients, 5 (7.1%) of them (4 had scaphocephaly and 1 had brachycephaly) underwent repeat surgery only once and
1 (1.4%) patient (had scaphocephaly) underwent the procedure twice due to re-synostosis (Fig. 1) (Table 2). The time interval
between the surgeries of the patients was 13.3 ± 6.6 months – the patient who underwent repeat surgery twice due to re-
synostosis had the �rst one 6 months after the initial surgery and the second one 12 months later. Among the infants who
underwent repeat surgery, the mean surgical duration, estimated blood loss, intraoperative blood transfusion requirement, and
length of stay in the hospital was 100.8 ± 9.7 min (range 90–115 min), 50.0 ± 36.3 cc (10–110 cc), 55.0 ± 46.3cc (0–130 cc), 3.8 
± 0.7 days (range 3–5 days), respectively. No intraoperative or postoperative complications or mortality were recorded in any of
the cases.
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Table 2
All operated resynostosis cases at our center.

No Type of
Craniosynostosis

Time of
Recurrence(M)

Time of
Operation(Min)

Amount of
Bleeding(Cc)

Amount of
Transfusion (Cc)

Time of
Hospitalization(D)

1 Brachycephaly 12 115 110 130 5

2 Scaphocephaly 18 100 10 0 4

3 Scaphocephaly 9 90 20 20 3

4 Scaphocephaly 24 105 70 60 3

5 Scaphocephaly 12 90 50 80 4

6 Scaphocephaly 7 105 40 40 4

7(2) Scaphocephaly 12 90 90 100 4

7(2): second operation of #6

Discussion
Craniosynostosis not only results in cosmetic deformities but also impacts the growth and development of the child, including
speech, behavior, and psychology. The re-operation rates mentioned in the literature vary. Wall et al reported the re-operation rates
for single suture synostosis cases to be 5.2% (5 out of 97) [12]. McCarthy et al reported this rate in non-syndromic patients as
13.5% (14 out of 104) [7]. In our study, among the 70 patient who had been operated upon, 6 (8.5%) underwent repeat surgery due
to re-synostosis. Therefore, the operation rates due to re-synostosis in non-syndromic patients in this study are comparable with
the rates mentioned in the literature.

Several studies till date have focused on speci�c types of craniosynostosis, and the rates of re-operation mentioned in the
literature greatly vary. Wagner et al, who studied non-syndromic bicoronal synostosis cases, reported that 36% of them needed re-
operation [11]. Another study focusing on isolated sagittal synostosis reported the re-operation rate to be as high as 70.9% [2]. In
our case, it was 20% and 12.5% for bicoronal and sagittal synostosis, respectively. This huge difference in the re-synostosis rates
between other studies and ours could be attributed to the fact that we included only patients who underwent repeat surgery in our
study and excluded re-synostosis cases that did not require surgery.

The re-synostosis rates have been reported to be higher in syndromic patients compared to non-syndromic patients, in the
literature [4]. Foster et al reported in their study that multiple-suture synostosis was noted in 50% of the cases with total re-
synostosis of which, 37.5% had sagittal suture synostosis. Proven syndromic cases were excluded from our study; however,
multiple-suture synostosis was noted in 2 cases. No evidence of syndromic craniosynostosis was found on genetic analysis and
physical examination of these patients and also no re-synostosis was detected.

An increase in the intracranial pressure before the �rst operation in about 50% of the patients with re-synostosis has been
reported in earlier studies [3, 10]. It was suggested that intracranial pressure measurement in craniosynostosis may be helpful,
which cannot be determined clearly because of wide variations of the disease [4]. In our study, no intracranial pressure
measurement of re-synostosis cases was performed. Diagnosis and treatment were based on the computed tomography scan
results and clinical condition of the patients.

Wall et al reported higher re-operation rates in infants who underwent primary surgery before 6 months of age than those who
underwent surgery later [12]. However, several studies in the literature could not �nd any correlation between re-operation rate and
the age at which the patient underwent surgery [4, 13]. In our study, the mean age of the patients who underwent their �rst surgery
due to craniosynostosis was 10.9 ± 7.8 months. No correlation between the age at �rst operation and re-operation was found in
this study. However, while determining the appropriate time for the �rst surgery, it must be kept in mind that craniosynostosis is a
progressive deformity of the skull base which may be di�cult to �x later.
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As various studies in the literature have used numerous surgical techniques and reported a wide variation in the re-operation rate,
it is di�cult to form a correlation between the type of primary surgery and re-operation [4]. Foster et al reported no difference in
the mean increase in head circumference between the groups with and without re-synostosis. Additionally, they demonstrated
that enlargement of the skull following the �rst operation was not related to re-operation [4]. In our study, with the exception of 2
cases with pansynostosis, the head circumference correlated with the age. During the follow-up after surgery, re-synostosis was
detected due to cosmetic deformity.

One of the main limitations of this study was the small population size. Cases with early onset were operated earlier while late-
onset and mild cases underwent surgery at an older age. All the patients were operated by the same surgeon. Therefore, if there
was a technical insu�ciency, it might have affected the results.

Early detection and intervention followed by developmental monitoring are vital for improving the chances of infants with
craniosynostosis and reducing its associated risks, including developmental delay. A multispecialty-team approach involving
Orthopedics, Pediatrics, Neurosurgery, and Plastic Surgery should be considered for better management of such patients.
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Figures

Figure 1

Legend: Case 6: 6 months old scaphocephaly patient. a: Image of �rst preoperative 3D CT, b: Image of �rst postoperative 3D CT,
c: Image of second preoperative 3D CT, d: Image of second postoperative 3D CT.
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