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A B S T R A C T   

Introduction and importance: Spontaneous bone formation following craniectomy is an extremely rare in adult. As 
in the medical literature, this is the first case report on total spontaneous ossification following craniectomy in a 
pregnant woman. 
Case presentation: In this paper, we reported a 20-year-old female currently in the 30th week of her pregnancy 
suffered from head trauma following motorcycle accident. On admission to our hospital, her GCS score was 3 
points. She was treated with emergency extradural hematoma evacuation with craniectomy and Caesarean 
section with uterine artery ligation. 3 weeks post-operation, the patient and her daughter were discharged from 
the hospital. At follow-up, spontaneous cranial bone generation was observed. 
Clinical discussion: The presentation, diagnosis and strategy of treatments were discussed. 
Conclusion: Diagnostic imaging in traumatic pregnant patient is often postponed for the concern of fetus exposure 
to radiation. Traumatic pregnant patient with possible head trauma should be transferred to a center with 
expertise in neurotrauma and obstetrical care. Spontaneous cranial bone regeneration following craniectomy in 
adult is rare. Surgery techniques and hormones in pregnancy contribute to bone formation.   

1. Introduction and importance 

Spontaneous bone formation following craniectomy is an extremely 
rare in adult. As in the medical literature, this is the first case report on 
total spontaneous ossification following craniectomy in a pregnant 
woman. 

2. Case presentation 

2.1. History and examination 

A 20-year-old female, currently on the 30th week of her pregnancy 
(gravida 2, para 1), suffered from a motorbike accident. She was alert 
and had some headache following the accident. She was then transferred 
to a local hospital. As she was pregnant, the patient did not get a CT scan 
at the local hospital, and she was transferred to our hospital. Her hus
band told us that halfway to our hospital, her headache got more severe, 

and then she went into coma. It was 4 h from the accident to when she 
was admitted to our hospital. Past medical history revealed no drug use. 
No family history was observed. 

On admission, the patient presented with coma. Her GCS score was 3 
points [1], both her pupils were totally dilated, she showed neither eye, 
verbal nor motor response to stimuli, no pupillary reflex, no respiratory 
reflex [2]. Her vital signs were relatively steady, as her heart rate was 
130 bpm, her blood pressure was 110/70 mmHg without vasopressors, 
her respiratory rate was 20 breaths per minute, her oxygen saturation 
was 90–91%. She was treated by ABCDE approach [3] with emergency 
tracheal intubation immediately [4]. A head CT scan demonstrated a 
large extradural hematoma in the right tempo-parietal-occipital region 
(Figs. 1A and 2A). No other major injury was found. She was indicated 
urgent surgery with obstetrics consultation simultaneously with affir
mation from all of the patient's family members. It was 30 min from her 
admission to the operation. 

Abbreviations: 3D, 3-dimensional image; CT, Computed topography; GCS, Glasgow coma scale. 
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2.2. Operation 

In the operation room, after the anesthesia team done, two teams 
operated simultaneously. The neurosurgery team performed an extra
dural hematoma evacuation via temporal parietal craniectomy. We 
performed a U-shaped skin incision. Then, 5 layers of the scalp, con
sisting of the Skin, the subcutaneous tissue, the galea Aponeurosis, the 
Loose connective tissue, and the Periosteum was elevated in a single flap 
[5]. A burr hole was quickly drilled to relieve the pressure. Then, a 
temporal parietal craniectomy was performed. The size of the bone flap 
was approximately 10 cm × 10 cm in size. 

A large extradural hematoma was observed, the bleeding meningeal 
vessels were coagulated. The dura was unopened. We decided to store 
the bone flap. We closed the scalp in two-layer fashion. The inner layer 
consists of pericranium to the subcutaneous was closed using inter
rupted absorbable sutures. The outer layer consists of the skin and the 
subcutaneous was closed using interrupted non-absorbable sutures. The 
procedure was performed by Dr. D.T and his team. 

The obstetrics team performed a Caesarean section and uterine ar
teries ligation for hemorrhage control. Total time of surgery was 30 min. 

2.3. Post-operation 

Post-operation, the patient remained in the intensive care unit for 3 
weeks. 3 – day post-operation, neurologic examination revealed mild 
left hemiparesis with muscle strength of 4/5. 3 – days post-operation CT 
scan demonstrated no hematoma, no bleeding in craniectomy site 
(Figs. 1B, 2B, and 3A). The baby was treated in pediatric intensive care 
unit for 3 weeks with surfactant to achieve fetal lung maturation. After 3 
weeks, both the patient and her baby were dismissed from the hospital. 

The patient GCS score at dismission was 15 points; she had no headache, 
mild left hemiparesis. The baby was alert, and he could breathe without 
assistance. 

7 weeks after the operation, the patient came back for a check-up. 
The patient GCS score was 15 points, her left hemiparesis subsided. 
She denied neither neurological deficit nor seizures. On examination, 
the surgical site was surprisingly firm and stable. The CT scan showed 
thin bone ossification in the craniectomy region (Figs. 1C, 2C, and 3B). 
She was indicated cranial reconstruction by autologous bone graft at 7- 
week after the first operation. In the cranioplasty operation, we found 
the newly remodeled bone was steady, it spread roughly throughout the 
craniectomy region, and it tied closely to the underlining dura and it was 
continuous with the surrounding skull edge in some areas (Fig. 4). We 
decided not to replace the bone flap. No further procedure was done, and 
we closed the surgical site. The procedure was performed by Dr. D.T and 
his team. The patient was treated with antibiotics for 5 days and then 
dismissed from the hospital. 

23 weeks post-operation, the patient had a follow-up. Her GCS score 
was 15 points. On examination, no neurological deficit was observed. 
The craniectomy site was solid and uninterrupted. The CT scan 
demonstrated spontaneous cranial bone regeneration which spread 
nearly throughout the craniectomy site (Figs. 1D, 2D, and 3C). 

This paper has been reported in line with the SCARE 2020 criteria 
[6]. 

3. Clinical discussion 

3.1. Craniectomy decision 

In the first time we operated on the patient, we decided to store the 

Fig. 1. Brain window. 
A: 1–7: The pre-operative CT scan showed a large extradural hematoma in the parietal occipital and posterior fossa region. 
B: 1–7: The 3 days post-operative CT scan showed no mass effect with bone flap removed. 
C: 1–7: The 7 weeks post-operative follow-up CT scan showed bone remodeling in the craniectomy region. 
D: 1–7: The 23 weeks post-operative follow-up CT scan showed ossification in the craniectomy region. 
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bone flap for the following reasons. We were currently trying to save a 3- 
point Glasgow Coma Scale pregnant patient, who entered on two 
emergency operations simultaneously. The major reason was to prevent 
further blood loss and anesthetic complications. Both operation teams 
would work as quickly as possible, so the anesthesia team could provide 
intensive care. The minor reason was that we wanted to exclude delayed 
cerebral edema following the operation [7]. Although an intact normal 
dura does not expand much, in our experiences, an intact dura without 
the bone flap would be better than an intact dura with the bone flap on. 

In the second operation, we decided not to replace the original skull 
flap. In our observation at the operation room, removing the newly 
regrowth bone would provide risk of blood loss and dura tear, which 
may complicate the situation and require further surgery. Although the 
newly regrowth bone was thinner than a completely normal skull, it was 
stable to protect the inner cerebral structure. In the follow-up, we could 
observe that the newly regrowth bone increased in size and calcification. 

3.2. Spontaneous bone formation 

In our observations, we found 4 articles focused on spontaneous bone 
formation after craniectomy in humans. One of them described the 
phenomenon occurred in a 29-year-old woman [8]. The other three 
cases were children [9–11]. Our case described a woman had sponta
neous ossification following craniectomy in her pregnancy period, 
which we believed to be the first report on this issue. 

3.3. Spontaneous bone formation >< surgery technique 

Spontaneous bone formation occurred as the result of the three 
possible layers: periosteum, dura mater, and adjacent skull diploe. Skull 

fracture could lead to the stimulation of latent osteogenic cells in peri
osteum and the surrounding skull diploe [12]. Dura and periosteum add 
in osteogenesis by contact [13]. Some articles suggest that skull diploe is 
the dominant source of osteoblast, and dura contact was more produc
tive than pericranium [14,15]. Besides, vascularization makes a crucial 
contribution to osteogenic processes [16]. 

In our case, the new bone in this case mainly grew up from the dura 
and some from the edges of the craniotomy (Fig. 4). We respected all the 
three layers and vascularization processes (Table 1). We performed a U- 
shaped skin incision, which allowed good vascularization of the scalp 
flap. All the 5 layers of the scalp: skin, the subcutaneous layer, galea, 
loose Areolar layer, the temporal muscle along with the periosteum 
layer were dissected in single flap. After drilling a burr hole, we used 
suction to evacuate some hematoma to relieve further pressure. A 
tempo-parietal craniectomy was performed with a large amount of sa
line solution to avoid high temperature. After evacuation of the extra
dural hematoma, the bleeding meningeal artery was coagulated. Along 
the edges of craniectomy, numerous tack-up stitches from the dura to the 
surrounding pericranium and galea were used. The dura remained 
intact. 

3.4. Spontaneous bone formation >< pregnancy, uses of calcium and 
vitamin D3 

In pregnancy, there is an increase in level of steroid hormones. 
Progesterone rises in the first semester followed by increase in estrogen 
and prolactin in the second and third trimesters [17]. Estrogen is proved 
to facilitate bone formation through cytokine levels [18]. Furthermore, 
increase in cardiac output and stroke volumes in pregnancy assists in 
bone healing by providing hormones and cellular factors at the 

Fig. 2. Bone window. 
A: 1–7: The preoperative CT scan. 
B: 1–7: The 3 days post-operative CT scan showed no mass effect with bone flap removed. 
C: 1–7: The 7 weeks post-operative follow-up CT scan showed bone remodeling in the craniectomy region. 
D: 1–7: The 23 weeks post-operative follow-up CT scan showed ossification in the craniectomy region. 
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craniectomy site [19]. Our patient also took oral vitamin D3 and calcium 
(200UI Cholecalciferol and 125 mg Calcium everyday) during her 
pregnancy, which contributes to bone formation [20]. 

4. Conclusions 

Diagnostic imaging in traumatic pregnant patient is often postponed 
for the concern of fetus exposure to radiation. Traumatic pregnant pa
tient with possible head trauma should be transferred to a center with 
expertise in neurotrauma and obstetrical care. Spontaneous cranial bone 
regeneration following craniectomy in adult is rare. Surgery techniques 
and hormonal changes in pregnancy may contribute to this phenome
non. In case of extensive spontaneous bone regeneration, cranioplasty is 
unnecessary. 

Fig. 3. The 3D reconstruction image. 
A: The 3D image 3-day post-operative shows a craniectomy region. 
B: The 3D image 7 weeks post-operative shows bone remodeling in the craniectomy region. 
C: The 3D image 23 weeks post-operative showed ossification in the craniectomy region. 

Fig. 4. Intra cranioplasty operation image shows bone formation at the cra
niectomy site. 

Table 1 
Surgery technique and effects on spontaneous bone formation.  

Procedure Justification of 
procedure 

U-shaped skin incision Respect 
vascularization 

Single scalp flap Respect the 
periosteum 

Single burr hole Respect diploe 
Craniectomy with a large amount of saline solution to avoid 

high temperature 
Respect diploe 

Peripheral tack-up stitches using surrounding pericranium 
and galea instead of drill holes around the perimeter of 
the craniotomy 

Respect diploe 

Coagulation of the bleeding meningeal artery, no dura 
opening 

Respect dura  
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