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Background and Importance: Decompressive craniectomy is an emergency neurosurgical 
procedure to reduce intracranial hypertension. Cranioplasty is an elective neurosurgical 
procedure to reconstruct the skull defect due to decompressive craniectomy. This study aims 
to review two different types of cranioplasty and comparecomputer-designed patient-
specific titanium implant cranioplasty against titanium mesh with polymethyl methacrylate 
(PMMA) cranioplasty, regardingtheir complications and outcomes after the procedure.

Case Presentation: This is a retrospective analysis of 150 patients who had undergone 
cranioplasty in PSG Institute of Medical Sciences and Research, Coimbatore, India from 
January 2014 to January 2023. A total of 46 patients underwent cranioplasty with a computer-
designed, patient-specific titanium implant, and 104 patients underwent cranioplasty with a 
titanium mesh and PMMA implant. The parameters compared between the two procedures 
included the timing of surgery, cosmetic satisfaction, duration of hospital stay, wound infection, 
wound gaping, implant exposure, and necessity of implant removal.

Conclusion: Even though both procedures protect brain parenchyma from injuries due to 
direct trauma, patient-specific implant cranioplasty yielded shorter operating time, less 
wound infection, smaller wound gaping, reduced implant exposure, and better cosmetic 
appearance when compared with titanium mesh with PMMA implant cranioplasty.
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1. Background and Importance

he occurrence of traumatic brain injury 
following road traffic accidents, assault, fall 
from height, and stroke (both hemorrhagic 
and ischemic) has become intensely 
common over the last two decades.

Monro-Kellie doctrine states that “the sum of all 
volumes of the brain, cerebrospinal fluid (CSF), and 
intracranial blood is constant”[1]. Following brain injury, 
this equilibrium is disrupted, resulting in increased 
intracranial pressure (ICP), which causes a decrease in 
cerebral blood flow due to a fall in cerebral perfusion 
pressure. To manage this damage, decompressive 
craniectomy was considered as an emergency life-
saving procedure. The purpose is to reduce the raised 
ICP and to minimize the chances of brain ischemia [1, 2].

Decompressive craniectomy is a life-saving 
neurosurgical procedure done to relieve increased 
intracranial tension refractory to medical management 
[2]. This condition involves the removal of a wide 
portion of the skull bone to evacuate the brain 
hemorrhage (epidural hematoma, subdural hematoma, 
or intracerebral hemorrhage)and to accommodate 
the brain swelling. The standard decompressive 
craniectomy includes the removal of a 15x12 cm bone 
flap in the fronto-temporo-parietal region (FTP) to 

reduce the mortality and to improve the neurological 
condition.

Indications and contraindications for cranioplasty

A few months after decompressive craniectomy, once 
the brain swelling settles, the new gradient between 
the atmospheric and ICP can result in neurological 
deterioration [2, 3].

In 1939, Grant and Norcross observed that after a few 
months of craniectomy, many patients developed severe 
headaches, altered cognitive behaviors, giddiness, and 
pain at the craniectomy site. It was later defined as 
Trephined syndrome [2].

The three main components of this condition 
include the occurrence of neurological deficits weeks 
to months after decompressive craniectomy, newly 
arising neurological deficits not associated with primary 
pathology, and clinical resolution after cranioplasty [2].

The neurological deficit that occurs a few months 
after craniectomy is called sunken flap syndrome, and 
if it restores with cranioplasty, it is taken as trephined 
syndrome. in clinical practice, however, the terms 
“sunken flap syndrome” and “trephined syndrome” are 
often used interchangeably.

T
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● Decompressive craniectomy is an emergency life-saving neurosurgical procedure.

● Cranioplasty is done to reconstruct the skull bone defect due to decompressive craniectomy.

● Among the various materials available for reconstructing skull defects, computer-designed patient-specific 
titanium plates and titanium mesh are frequently used.

● Patients who underwent patient-specific titanium implant cranioplasty have better cosmetic satisfaction

Plain Language Summary 

Our human skull is a closed cavity that contains the brain, cerebrospinal fluid, and blood. Whenever the pressure 
within the skull cavity increases, one becomes drowsy and unconscious. This condition forces neurosurgeons to 
remove a wide area of skull bone a procedure which is called decompressive craniectomy. Once the primary problem 
is resolved, surgeons must reconstruct the skull bone defect with implants, which is known as cranioplasty. Various 
materials have been used for reconstruction, including autologous bone, polymethyl methacrylate (PMMA), and 
metal implants made of aluminum and titanium over the years. Out of which, computer-designed patient-specific 
implant cranioplasty yielded better outcomes in terms of complications and cosmesis.
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Cranioplasty stabilizes the brain-atmospheric pressure 
difference and restores the physiology of the closed 
cavity, allowing the brain parenchyma to re-expand. 
The disturbance in CSF hydrodynamics and cerebral 
perfusion is well described in the chronic phase of 
decompressive craniectomy, and it is improved following 
cranioplasty [3].

Cranioplasty is done to reconstruct the skull 3-4 
months after a decompressive craniectomy. This time 
gap is given for the brain to expand extracranially as 
a consequence of raised intracranial tension. This 
procedure holds a multitude of benefits. Besides 
protecting the brain parenchyma and cosmesis, it 
restores the physiology of the closed cavity, improves 
CSF dynamics, which is disrupted following craniectomy, 
as the atmospheric pressure exerts an influence on 
the brain and CSF [3]. This procedure also reduces the 
formation of pseudo-meningocele.

Meningitis, encephalitis, wound infection and 
sepsis, osteomyelitis, unmanaged post-traumatic 
hydrocephalus with brain herniation through the cranial 
cavity area few contraindications for cranioplasty.

Materials used

An ideal cranioplasty material should be inert, 
malleable, lightweight, readily incorporated with the 
existing skull bone, but not interfere with radiological 
imaging. Various materials have been used for cranial 
implants throughout history. Meekeren described the 
first documented evidence of cranioplasty using bone in 
1668, when he repaired the skull of a Russian nobleman 
using the skull of a dead dog [4].

Moving forward to the 20th century showed the advent 
of homologous and autologous bone grafts. Autologous 
boneis the cheapest physiologic alternative to synthetic 
materials. Being the body’s tissue, it is viable, ie, has 
the potential to grow and does not fracture or get 
displaced easily [1, 5]. The main risk in using autologous 
bone includes infection, resorption, and flap collapse 
[5]. Another challenge in using autologous bone is the 
preservation of the graft between the time of removal 
and implantation. A common method of conservation is 
storing the autologous bone in the subcutaneous space 
of the abdomen and thigh. Cryopreservation at -70 °C 
has also been proven effective [6, 7].

Aluminum was the first metal to be used for making 
bone grafts, but it had high resorption rates and was 
known to reduce seizure threshold in patients [4, 8].

Silver and Gold were also used initially. However, 
they were expensive and their use was eventually 
discontinued [4]. Tantalum was an inert metal briefly 
used for cranioplasty during the early 1940s. [4, 8, 9]. 
Titanium was then used in place of Tantalum due to its 
low thermal conductivity and low radio-opacity.

Next, hydroxyapatite was used because it closely 
resembles human bone chemically. However, difficulty 
in contouring and the brittleness of hydroxyapatite 
rendered it practically obsolete [4, 8].

The interest then shifted to non-metals for grafting 
after seeing the success with dental implants. 
Polymethyl methacrylate (PMMA), discovered in 
1940, is the most widely used prosthesis today. It is 
available in a powdered form, which, when mixed with 
benzoyl peroxide, produces an exothermic reaction 
followed by cooling. This process shapes the material 
to resemble the original bone. Despite giving excellent 
cosmetic results and making the radiological imaging 
process easier, PMMA did not integrate well with the 
surrounding tissue. It was prone to develop a fibrous 
coat over its surface, predisposing it to infections [1, 4, 
10]. The intra-operative time was also longer due to the 
molding and cooling process.

One of the reasons why PSIs are so necessary is the 
immense diversity in the properties of each cranial 
bone, including its shape, thickness, andporosity. Each 
part of the same cranial bone also had different tensile 
strengths. Therefore, the type and design of the implant 
changes based on the anatomical location of the cranial 
defect. Initially, manufacturing craniofacial implants 
required a long, drawn-out process involving molding, 
casting, and extrusion, which offered fair accuracy 
but minimal cost benefits [11]. Later, 3D printing 
technologies developed, enabling neurosurgeons to 
manufacture PSIs using CT images to set the dimensions 
of the implant. This capability gave a lesser scope for 
error, shorter intra-operative time, and higher patient 
satisfaction [12].

Procedure

The procedure includes incision of the previous 
craniectomy scar, creation of a plane between dura 
mater and scalp, raising the scalp flap, raising the 
temporalis muscle flap, defining the bone defect all 
around, choosing the material for cranioplasty, fixing 
the cranioplasty material to the skull bone defect with 
titanium screws, placing a subgaleal drain, and suturing. 
Administering intraoperative anesthesia just before 
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skin incision is widely adopted, but the frequency and 
duration of post-operative antibiotics are not clear.

2. Case Presentation

This research was a retrospective analysis study of 
the patients admitted to the neurosurgery ICU at PSG 
Institute of Medical Sciences and Research, Coimbatore, 
India, from January 2014 to January 2023.

Patients admitted with a previous history of FTP, 
decompressive craniectomy for traumatic brain 
injury (epidural hematoma, subdural hematoma, or 
intracerebral hemorrhage), and for stroke (ischemic and 
hemorrhagic), with Glasgow coma scale (GCS) >13, skull 
defect >5 cm, and without surgical site infection were 
included in the study.

Patients who have undergone decompressive 
craniectomy for subdural empyema, brain abscess, 
Malignancies, GCS<13, and those who have surgical 
site infection were excluded from the study. Pediatric 
patients (<10 years) with decompressive craniectomy 
defects were also excluded from the study.

Computed tomography (CT) scans of the patient’s 
head post-decompressive craniectomy is done in our 
hospital; the necessary data is stored in digital imaging 
and communication in medicine (DICOM) format. These 
data are processed to create a virtual 3D patient model, 
after which titanium mesh is manufactured accordingly. 
Depending on the anatomical location of the cranial 
defect, the thickness of the mesh was between 0.3 mm 
and 0.6 mm. The mesh was sterilized under an autoclave 
before surgery.

Table 1. Sex-wise distribution of patients undergoing the two surgeries

Type of Surgery Male Female Total

PSI-Titanium mesh 35 11 46

Titanium mesh with PMMA 78 26 104

Total 113 37 150

PSI: Patient-specific implant; PMMA: Polymethyl methacrylate.�

Table 2. Age-wisedistribution of patients undergoing the two surgeries

Age (y) PSI-titanium Titanium Mesh With PMMA Total

10-40 23 49 72

>40 23 55 78

Total 46 104 150

PSI: Patient-specific implant; PMMA: Polymethyl methacrylate.�

Table 3. Comorbidities in patients undergoing the two surgeries

Comorbidity
No. (%)

PSI-titanium mesh (n=46) Titanium with PMMA (n=104)

DM 10(21.7) 18(17.3)

SHTN 14(30.4) 35(33.6)

CAD 4(8.7) 4(3.8)

CKD 2(4.3) 2(1.9)

Abbreviations: PSI: Patient-specific implant; PMMA: Polymethyl methacrylate; DM: Diabetes mellitus; SHTN: Systemic Hypertension; CAD: 
Coronary artery disease; CKD: Chronic kidney disease.
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3. Discussion

Of 150 patients admitted to the Neurosurgery ICU 
with decompressive craniectomy defects, 104 patients 
(69.3%) underwent cranioplasty with titanium mesh 
- PMMA implant, and 46 patients (30.7%) underwent 
cranioplasty with patient-specific titanium plate implant. 
Also, 75% of the patients were male, and 25% were 
female (Table 1). About 48% of patients were between 
10 and 40 years old, and 52% aged above 40 years 
(Table 2). Table 3 highlights the various comorbidities of 
patients undergoing the study.

As per Table 4, the leading indication for decompressive 
craniectomy followed by cranioplasty for the patients in 
the study was extra-axial hemorrhage, with over 65% of 

patients, followed by infarcts (21%, both ischemic and 
hemorrhagic) and Intracerebral hemorrhage (13%).

Our study shows no significant difference in hospital 
stay between the two surgeries (Table 5). For ages 10-
40, the t=-0.13323. The P=0.447196. The result is not 
significant at P<0.05. For ages >40 years, the t=1.34103. 
The P=0.091952. The result is not significant at P<0.05.

According to Table 6, Wound infection occurred in 6.5% 
of patients who underwent cranioplasty with a patient-
specific implant (PSI)-titanium; none of the patients 
were under the age of 40. Wound infection occurred 
in 12.5% of patients who underwent cranioplasty with 
titanium mesh+PMMA; 3 of the patients were aged 40 
and below. Wound gaping occurred in 2 patients who 
underwent PSI-titanium cranioplasty (4.3%), one of 

Table 4. Indications for surgery in the patients undergoing the two surgeries

Indication for surgery PSI-titanium Mesh Titanium Mesh With PMMA Total

EDH, SDH 34 64 98

Infarct 10 22 32

ICH (Trauma/Infarct) 2 18 20

Total 46 104 150

Abbreviations: PSI: Patient-specific implant; PMMA: Polymethyl methacrylate; EDH: Extradural hematoma; SDH: Subdural hemorrhage; 
ICH: Intracerebral hemorrhage.

Table 5. Comparingthe Duration of Hospital Stay in Patients Undergoing the Two Surgeries

Surgery PSI-titanium Mesh Titanium With PMMA

Age (y) 10-40 >40 10-40 >40

No. of patients 23 23 49 55

Mean duration of hospi-
tal stay (in days) 10.95 12.17 11.02 11.44

PSI: Patient-specific implant; PMMA: Polymethyl methacrylate.�

Table 6. Incidence of complications in the patients following the two surgeries

Complication PSI-titanium Mesh (n=46) Titanium Mesh With PMMA (n=104)

Wound infection 3 13

Wound gaping 2 9

Implant exposure 2 7

Implant removal 2 7

PSI: Patient-specific implant; PMMA: Polymethyl methacrylate.�
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whom was under the age of 40. On the other hand, 8.6% 
of patients who underwent cranioplasty with titanium 
mesh+PMMA developed wound gaping; 1 patient was 
under the age of 40. All patients who developed implant 
exposure following cranioplasty with titanium mesh and 
PMMA required implant removal (6.7%). Fourout of 7 
patients were under the age of 40.

On the other hand, implant exposure occurred in 
2 patients who underwent PSI Titanium; one of the 
patients consequently underwent implant removal. The 
different implant was removed due to a collection under 
the flap. Thus, the absolute incidence of complications 
is lower in PSI-titanium cranioplasty compared to 
titanium mesh with PMMA. Using the Fisher exact test, 
the p-value for the incidence of complications for both 
surgeries is 0.045, which is significant at P<0.05.

Patients whounderwent cranioplasty with a patient-
specific titanium implant reported better cosmetic 
satisfaction when compared to patients whounderwent 
cranioplasty with a titanium mesh+PMMA implant.

4. Conclusion

Complications related to cranioplasty are common, 
as observed in our study. Patients who underwent 
cranioplasty with titanium mesh and PMMA showed 
a higher incidence of wound infection, wound gaping, 
implant exposure, and subsequent removal compared 
to those who underwent cranioplasty with a patient-
specific titanium implant.

Patients who underwent cranioplasty with a patient-
specific titanium implant have better cosmetic 
satisfaction than any other method of cranioplasty.
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