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ABSTRACT

In addition to its aesthetic benefits, cranioplasty has been shown to improve neurological symptoms related to cranial 
defects. Here we describe a case study from a cranioplasty procedure performed 3 decades ago and discuss subsequent 
research that has helped to clarify the benefits we have observed in those who have undergone cranioplasty.
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INTRODUCTION
Cranioplasty is a reconstructive neurosurgery that repairs cranial 
defects. The concept behind cranioplasty has been practiced as 
far back 3000 B.C., when the Incas covered trauma-induced 
cranial defects with gold [1-3]. The procedure was once 
performed largely to restore normal appearance, but it was 
eventually recognized that cranioplasty also provides clinical 
benefits and should thus be used not only as a cosmetic 
procedure but also as a therapeutic one [2,4,5].

In addition to improving aesthetic and clinical outcomes, 
cranioplasty can also enhance the success and efficiency of the 
rehabilitation process. Here we briefly describe our observations 
following cranioplasty performed 30 years ago and compare those 
results with data that have since emerged and that have helped to 
corroborate our anecdotal data on both the direct benefits of 
cranioplasty and the indirect benefits that occur through 
cranioplasty-facilitated rehabilitation. 30 years ago, we observed 
cranioplasty catapult the rehabilitation process. By the 1940s, 
clinicians began describing improvements in neurological 
symptoms following cranioplasty, but for decades, little 
research was conducted on the link between this correction of 
skin flap depression following cerebral decompression and changes

in symptoms [6]. In 1992, we treated a 63-year old white female 
who had been hit by a motor vehicle while walking and 
sustained a comminuted fracture on the right side of her 
skull as well as multiple other skull fractures.

The patient was neurologically devasted following the removal of 
shattered cranial bones, and she required 24-hour daily aide and 
attendant care. She was unable to participate in an inpatient 
rehabilitation program, as she had no physical or cognitive 
capacity. The patient’s body rejected the implantation of 
stainless-steel mesh and methyl methacrylate that was inserted to 
fix her skull defect. A second attempt at cranioplasty was 
undertaken by formulating a titanium skull cap using a 3-
dimensional computed tomography scan. After two 
neurosurgeons worked together to surgically place the cap, the 
patient demonstrated marked improvement in both her physical 
and cognitive abilities. These improvements that were observed 
following cranioplasty enabled the patient to participate in an 
aggressive inpatient rehabilitation program for 4 weeks. She was 
then able to ambulate independently, resume her activities of 
daily living, and reintegrate back into society. Cranioplasty-
related images can be viewed in the supplementary material 
(Figures 1-11).
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Figure 1: Resin model of this patient’s skull after removal of 
all the fractures.

Figure 2: When this patient was initially put on the operating 
table half of her skull is missing.

Figure 3: This is the titanium skull cap that was produced by 
a 3D CT scan.

Figure 4: After the skin has been peeled back and her brain is 
exposed.

Figure 5: Titanium plate has been placed.

Figure 6: The titanium plate is sewn into place with titanium 
wires.
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Figure 7: The titanium plate is secured to the skull with a 
titanium wires.

Figure 8: The titanium plate is secured in the skull.

Figure 9: Resin model showing her skull defect is being 
shown in front of the skull defect that was just fixed.

Though the role of cranioplasty in her recovery was clear, there 
was little evidence from systematically conducted research on the 
specific benefits of cranioplasty and the mechanisms by which 
cranioplasty reversed neurological symptoms. Fortunately, much 
has since come to light on the contexts in which cranioplasty is 
appropriate and the specific ways it can best be used to help 
patients recover from trauma.

LITERATURE REVIEW

Cranioplasty is performed worldwide following
decompressive craniectomy

Complications of decompressive craniectomy, which is regularly 
pursued as a surgical solution for increased intracranial pressure 
that does not respond to other treatments, have helped to 
demonstrate the benefits of cranioplasty [7]. Randomized, 
prospective clinical trials have shown how decompressive 
craniectomy can prevent complications associated with brain 
edema that result from trauma, stroke, infection, or other causes 
and is performed using a patient’s autologous skull flap [7,8]. 
While valuable, decompressive craniectomy is associated with 
risks of trephined syndrome and sinking flap syndrome [5]. 
Trephined syndrome refers to sunken skin above the bone defect 
that is accompanied by neurological symptoms including 
headaches, dizziness, seizures, cognitive and psychiatric changes, 
or sensorimotor deficits [1,6,9]. Similarly, sinking flap syndrome 
involves neurological symptoms that arise because of concavity of 
the skin flap and the resulting pressure on underlying brain 
tissue [10].

Because cranioplasty helps to address and treat both trephined 
syndrome and sinking flap syndrome, it is regularly employed 
following decompressive craniectomy [7,11]. Though 
decompressive craniectomy may be used for several reasons, it is 
often employed in response to accidental trauma or violence. 
With improvements in trauma care, the volume of 
decompressive craniectomy procedures have grown and thus so 
too has the volume of cranioplasties [6,7].
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Figure 10: The patient is still on the operating table. The 
skull defect has successfully been fixed.

Figure 11: The patient is now independent in ambulation 
and all activities of daily living.



need to be planned to take advantage of a specific window of 
opportunity related to rehabilitation [10]. Research suggesting 
that cranioplasty timing is not critical for optimizing outcomes 
includes data showing that those receiving cranioplasty an entire 
year after their injury demonstrate the same benefits as those 
undergoing the procedure only a few months following their 
injury [12,22]. Other data have shown that those who wait up to 
3 years following TBI to undergo cranioplasty experience 
comparable cognitive improvements to those whose 
cranioplasties were more urgently performed [15].

Though the potential advantages of early intervention with 
cranioplasty continues to be debated, researchers suggest that 
prompt intervention with this procedure should be considered 
in the face of large craniectomy defects, particularly given the 
rapid and dramatic cognitive and neurological recovery that is 
often observed following the procedure [5,7,10]. It is also 
possible that delaying cranioplasty may enhance the risk for 
certain complications, such as post-surgical seizures, which 
provides further support to the notion that early intervention 
may lead to better outcomes than later intervention [25].

Optimizing cranioplasty procedures may reduce
surgery-related complications

Because cranioplasty is technically complex and requires highly 
trained technicians, failures occur [26]. Developing a customized 
plan that is tailored to the specific needs of the patient is critical 
for improving the success rate of these procedures. This process 
can also help in managing patients’ risk factors and in enabling 
early identification and intervention when complications arise 
[27]. Infection at the surgical site is a common complication 
associated with cranioplasty, occurring in up to 1 in 5 patients 
[1]. Another well-known complication that is particularly 
common in pediatric patients is the resorption of the bone flap. 
Both complications are more likely in TBI patients than in those 
undergoing the procedure for other indications [28].

DISCUSSION
Though most complications involve infections, convulsions and 
epidural hematoma, brain hemorrhage and edema can occur 
and may lead to death [29]. Hydrocephalus may occur due to a 
decompressive craniectomy procedure or from intraventricular 
or subarachnoid hemorrhage [1]. There have been 
advancements in recent years to improve the materials used for 
cranioplasty to reduce the risk of infection by for instance, 
increasing antimicrobial activity of the material with elevated 
intracellular free levels of calcium [30]. While cranioplasties can 
employ biological materials or synthetic materials, certain 
materials have fallen out of favor because they are associated 
with complications like infection, rejection, and resorption [1,2]. 
Autologous cranioplasty is therefore the most common 
cranioplasty technique and employs bone from the patient’s 
own body. Much of the technical detail of cranioplasty depends 
on the surgeon’s preferences [31]. However; the gold standard 
for cranial defect reconstruction has become Custom Made 
Cranioplasty (CM CPL) that targets an effective combination of 
brain protection and cosmetic benefits. It is important to note, 
though, that CM CPL is expensive, and prosthesis preparation is
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Cranioplasty provides clinical value through
multiple mechanisms

It is now well-established that cranioplasty offers an effective 
solution for restoring normal contour for aesthetic purposes 
while also providing critical cerebral protection and potentially 
reversing a host of neurological symptoms [2]. In addition to 
motor recovery and neuropsychological recovery, cognitive 
recovery has been observed immediately following cranioplasty 
[12]. Cranioplasty has also been shown to improve 
cardiovascular functions [13]. The improvements in functioning 
and appearance that accompany cranioplasty have been cited as 
contributing to boosts in patients’ self-esteem and overall quality 
of life [7,9].

The reversal of neurological symptoms that accompany 
cranioplasty are thought to occur because of a reduction in 
atmospheric pressure and thus a concomitant reduction in local 
cerebral compression.4 These pressure changes appear to 
significantly affect the hydrodynamics of Cerebrospinal Fluid 
(CSF), which may increase CSF cranial coverage and thereby 
help to restore neurological function, through for instance, 
restored communication among neuronal networks [14,15]. 
Restoration of cerebral hemodynamics resulting from these 
pressure changes may also enhance cerebral blood flow and 
metabolism, improving cerebral blood perfusion and reversing a 
range of symptoms [1,16-18]. Though many people benefit 
significantly from cranioplasty, there is some variability in the 
amount of functional improvement across patient populations. 
Research into the specific benefits of cranioplasty has revealed 
that while age, sex, type of injury, and side of craniectomy are 
not associated with rate of functional improvement, those 
suffering disorders of consciousness show more significant gains 
than those without such disorders [19]. Further, those with brain 
midline shift show more significant consciousness improvements 
following cranioplasty than those without a brain midline shift 
[4]. Fortunately, the clinical benefits of cranioplasty appear to 
persist, as Traumatic Brain Injury (TBI) patients evaluated a full 
year after cranioplasty continue to demonstrate favorable 
outcomes [20]. Early intervention is likely advantageous, as least 
in certain contexts. Determining the best time to perform 
cranioplasty requires balancing the need for cranioplasty’s 
clinical benefits with the need for the patient’s brain to first 
recover from the trauma. Though the optimal timing for 
cranioplasty is controversial, much of the literature suggests that 
between 3 and 6 months following decompressive craniectomy is 
an ideal time to pursue cranioplasty to achieve cognitive and 
motor recovery [21]. Some researchers have suggested that early 
intervention with cranioplasty may enhance its benefits [22,23]. 
For instance, patients whose cranioplasties were performed 
within 6 months of injury have been shown in certain cases to 
reap greater cognitive benefits than those whose cranioplasties 
were delayed past 6 months [23]. There is also evidence that 
patients who have undergone decompressive craniectomy for 
management of intracranial hypertension may benefit from early 
cranioplasty [8,24].

Despite recommendations for early intervention, there is also 
some evidence for a lack of connection between procedure 
timing and recovery that suggests that cranioplasty does not
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time consuming [32]. The ideal material for cranioplasty 
procedures is one that will fit the cranial defect properly, 
allowing for complete closure, while also resisting infection, 
being conducive to contouring, and being as strong as the 
surrounding bone [33]. Scientific advancements have made it 
easier than ever before to develop the best prosthesis for each 
patient and to perform cranioplasty in a way that will provide 
maximum clinical benefit in the context of that patient’s injury 
and health status [34-36].

CONCLUSION

Since our observation of dramatic clinical benefits following 
cranioplasty 30 years ago, the procedure has become a commonly 
utilized neurosurgical technique for skull reconstruction, with 
significant benefits in relevant technology aiding its use over the 
past couple of decades. As in our experience, the evidence 
suggests that it is critical to personalize care to ensure the best 
approach-including optimal materials and timing-is undertaken 
to increase the chances of success and optimize health outcomes.
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