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Abstract 
Rationale: The three-dimensional (3D) computer-made titanium mesh is 
widely used in the skull repair for those patients receiving decompression of 
the bone flap. It can restore normal anatomy to a greater extent and make a 
better appearance. Case Presentation: We reported two cases of patients ad-
mitted to our hospital who have experienced high scalp tension after skull 
repair. At first, these two patients underwent decompression of the bone flap, 
and the physical examination results showed a defect of skull. No neurologi-
cal symptoms and signs were found. The 3D computed tomography (CT) re-
construction of skull was performed, and then the skull repair with 3D tita-
nium mesh was conducted. But because of high scalp tension, they underwent 
a second operation, during which we re-trimmed and reduce the arc of the 
titanium mesh. The scalp incision of both patients healed well and no tita-
nium mesh was exposed. Both patients have a good prognosis. Lessons: We 
highlight that the high tension of scalp due to overstretching after 3D tita-
nium mesh repair for skull defect should be paid much attention to. Trim-
ming and reducing the arc of titanium mesh is an effective treatment for this 
situation. 
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1. Introduction 

At present, the clinical use of three-dimensional (3D) computer-made titanium 
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mesh has become the mainstream of skull repair [1], which has the advantages 
of conforming to the physiological anatomy to a greater extent, fitting closer 
to the skull, giving ideal appearance and having low infection rate [2]. In 
spite of some authors believed that complications are rare after cranioplasty 
with three-dimensional titanium mesh [3], we have noticed that, in our clinical 
work, after the titanium mesh restored the normal physiological curvature of the 
margin of skull, the tension of scalp increased due to overstretching, resulting in 
a series of complications. This is a major drawback that neurosurgeons are not 
paying much attention to. Besides, as far as we know, there are few case reports 
about management strategies of high scalp tension after 3D titanium mesh re-
pair for skull defect. 

Reviewing 73 patients admitted to our hospital for craniotomy in 2018, there 
were 2 cases having experienced complications due to high scalp tension after 
skull repair, and we re-trimmed the titanium mesh in a second operation. After 
reasonable individualized therapy, both patients achieve satisfactory results with 
good prognoses. Here the treatment of the two patients is reported as follows, 
hoped to open a new mind in future clinical cranioplasty. 

Ethical Review 

This case report was approved by the clinical ethics committee of the Zhuji Affi-
liated Hospital of Shaoxing University. The patients had been anonymized and 
the informed consent was acquired. 

2. Case Report 
2.1. Case 1 

A female patient who underwent cranial hematoma removal and decompression 
of the bone flap on the right side following severe craniocerebral trauma due to a 
traffic accident in May 2018. On July 3, 2018, she was admitted to our depart-
ment for “skull repair”. Her physical examination result showed a defect of 6 × 8 
cm on the right side of skull. No neurological symptom and signs were found. 
Her family, social and past medical histories were noncontributory. No obvious 
contraindications were found in preoperative laboratory tests. The head com-
puted tomography (CT) was performed before operation (Figure 1(A)). On July 
6, 2018, the skull repair was performed under general anesthesia. The material 
used was 3D computer-shaped titanium mesh based on the result of 3D CT re-
construction. On the second day post-operation, head CT revealed an epidural 
hematoma under the titanium mesh (Figure 1(B)). The patient was conscious 
and the vital signs were stable. The bilateral pupils of the patient were symme-
trical and sensitive in light reflection. About 150 ml of hemorrhagic fluid was 
drained from the subcutaneous drainage tube. Subsequently, the changes of 
consciousness and pupils were closely monitored, and symptomatic treatments 
such as hemostasis, anti-inflammatory, and brain protection were carried out. 
On the next day, the patient complained of severe headaches, and obvious  
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Figure 1. The images of Case 1: The head CT before skull repair showed a defect of 6 × 8 
cm on the right side of skull (A); the head CT revealed an epidural hematoma under the 
titanium mesh after skull repair (B); the head CT showed that the epidural hematoma in-
creased significantly compared with the previous one, and the midline shifted (C); a lot of 
tension blisters appeared around the incision (D); the result of head CT after the second 
operation (E); the scalp was well healed (F). 
 
bleeding from the incision. Re-examination of head CT showed that the epidural 
hematoma increased significantly compared with the previous one, and the mid-
line shifted (Figure 1(C)). At this time, the patient was conscious, and after fully 
communicating with the patient’s family members, they asked for conservative 
treatment. At 5:00 am on July 9, 2018, the patient’s consciousness was signifi-
cantly lower than before, showing a shallow coma with nausea and vomiting. At 
the same time, a lot of tension blisters appeared around the incision (Figure 
1(D)). As a result, an emergency operation was performed. During the opera-
tion, about 80 ml of right frontotemporal epidural hematoma was removed, and 
the previous titanium plate was trimmed, part of the titanium mesh and extra 
screws were discarded. After reshaping, the titanium mesh was fixed to the skull 
again. The patient was then accessed to neurological intensive care unit for rou-
tine treatment (NICU). On July 10, 2018, the patient’s consciousness cleared and 
spontaneous breathing recovered. On July 19, 2018, the result of head CT was 
satisfactory (Figure 1(E)), and the scalp was well healed (Figure 1(F)). The su-
ture was removed and the patient was discharged on foot. Half a year later, out-
patient follow-up showed that the patient was in good condition, which justified 
our therapeutic direction. 

2.2. Case 2 

A female patient was admitted to our hospital on September 16, 2018 due to 
“skull defect post-operation due to brain trauma for more than 3 months”. Her 
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physical examination result showed a skull defect of 8 × 10 cm on the right side. 
Her neurological symptom and signs, as well as her past medical history were 
negative. No obvious contraindications for surgery. Similarly, the head CT was 
performed before operation (Figure 2(A)). The skull repair was performed un-
der general anesthesia. The material used was three-dimensional comput-
er-shaped titanium mesh. On the fourth day after surgery, the incision of scalp 
still showed a lot of exudate (Figure 2(B)). After that, the wound dressing 
treatment strengthened. On the ninth day, the suture was removed, while the in-
cision was still unhealed and had persistent exudation, the titanium mesh was 
exposed as well (Figure 2(C)). As a result, a second operation was conducted. 
After the titanium mesh was fully exposed during the operation, about 3 × 4 cm 
shaped titanium mesh was cut off and discarded, and the corners are trimmed. 
The remaining titanium mesh was fixed again, and the extra screws were dis-
carded. The result of head CT was also satisfactory (Figure 2(D)). After usual 
daily therapy, on October 3, 2018, the patient was discharged from the hospital 
on foot with some sutures removed (Figure 2(E)). On April 2, 2019, outpatient 
follow-up proved the scalp incision healed well with no titanium mesh exposed 
(Figure 2(F)). 

3. Discussion 

Skull repair after the decompression of the bone flap is of great significance for  
 

 
Figure 2. The images of Case 2: The head CT before skull repair showed a defect of 8 × 10 
cm on the right side of skull (A); the incision of scalp still showed a lot of exudate (B); af-
ter removement of the suture, the incision was still unhealed and had persistent exuda-
tion, and the titanium mesh was also exposed (C); the result of head CT after the second 
operation (D); some sutures were removed (E); the scalp incision healed well with no ti-
tanium mesh exposed (F). 
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reconstructing the physiological barrier of the cranial cavity, improving cerebral 
hemodynamics, promoting venous return, and increasing the speed of cerebros-
pinal fluid circulation [4]. The technology of 3D computer digital forming tita-
nium mesh can restore the integrity of the cranial cavity, reconstruct the physi-
cal protective barrier of the cranial contents, relieve the pressure on the cerebral 
cortex by atmospheric pressure and extra-brain tissue, correct the tortuosity of 
the cerebral veins in the defect area, and increase the speed of venous return [5] 
[6] [7]. 

However, the scalp flap of the patient in case 1 after decompression of the 
bone flap has been in a low tension state for a long time. Due to the contraction 
of the scar, the scalp flap area reduces on the bone window. Under the large arc 
shape of the 3D titanium mesh, although the cranial cavity restores the normal 
physiological arc to the greatest extent, at this time, the tension of the scalp is too 
high due to overstretching, which causes the small arteries and veins in the flap 
to become thinner and even occluded. As a result of the ischemia of the scalp 
flap, the blood perfusion of the flap is reduced, and the continued ischemia and 
hypoxia lead to atrophy and thinning of the scalp, resulting in unhealed incision, 
cracking, thin scalp rupture, and exposed titanium plate [8]. In addition, during 
the suture of the scalp, because the 3D titanium mesh needs to be covered by 
scalp, it is bound to pull the scalp forcibly, resulting in too high tension of the 
scalp, making the cap fascia on both sides of the scalp not fit well, together with 
the chronic continued cutting in subcutaneous tissue layers, leading to conti-
nuous bleeding under the flap. Besides, scalp flap traction causes thrombus 
formed during electrocoagulation falling off and bleeding again, especially the 
related arterial hemorrhage, can cause rapid hematoma formation and severe 
complications of epidural hematoma [9]. 

After the 3D titanium mesh is implanted to restore the normal physiological 
curvature of the skull, excessive scalp tension is a risk factor that cannot be ig-
nored. For some patients with poor flap conditions, especially elderly women, 
the scalp atrophy, thin scalp, less subcutaneous tissue, poor blood supply to the 
scalp flap, the high scalp tension are very likely to occur after implantation of the 
3D titanium mesh. Mikami et al. reported that owning to the above reasons, el-
derly women have a high risk of the exposure of titanium mesh after initial sur-
gical site infections [10]. One factor which should be paid attention to is that two 
patients in our case report are both elderly females with relatively thin scalp. For 
such patients, the incision design should be done before the first decompression 
of the bone flap surgery, making the flap appropriately enlarged, so that the 
margin of the bone windows is in the area of scalp incision. Besides, the bone 
window should not be enlarged during surgery [11]. The area of skull defect 
should be fully evaluated before operation, and the cap fascia layer at the scalp 
incision should be fully released during the operation to avoid pulling forcefully 
when separating the flap [12]. In addition, we recommend that the surgeon and 
the patient did not need to pursue a beautiful appearance excessively. Choosing 
2D titanium mesh with small arc for implantation and appropriately sacrifice of 
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the appearance after repair may reduce the high tension of the scalp flap and 
ensure the safety of the operation. For those patients who have higher require-
ments of appearance, scalp dilation before operation or choose new polyethere-
therketone (PEEK) materials could be an alternative [9] [13] [14]. 

4. Conclusion 

In conclusion, according to our experience, when the scalp tension is too high 
after 3D titanium mesh repair, which causes complications such as exposed tita-
nium mesh and epidural hematoma, it is not necessary to rush to remove all ti-
tanium mesh. Trimming and reducing the arc of titanium mesh may function 
well, which is recommended. 
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