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The “Skull Flap” a new conceived device for
decompressive craniectomy/cranioplasty:
Feasibility study on cadaver specimen
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ABSTRACT

Background: Decompressive craniectomy (DC) is a procedure that is currently performed with increasing frequency.
The reason is that its indications have become much broader. This procedure may be associated with the relevant
morbidity in the postoperative stage due to the creation of a large bone defect. On the other hand, cranioplasty is
associated too with some of the common complications related to any reconstructive head surgery. The authors present
anewly developed device: The “Skull Flap” (SF). This new device allows the surgeon to complete a DC, yet providing at
the same time a cranial reconstruction that will not require the patient to undergo a second reconstructive procedure.
Materials and Methods: Different size and location craniectomies were carried out on four human cadaveric heads;
the bone flaps were then repositioned in a more elevated position with respect to the skull edges. The flaps were placed
ata distance of 12 and 15 mm from the skull edges using the SF system. Crash tests were conducted on each flap while
in open and closed positions to assess its reliability and efficacy. Results: SF was shown to be a strong fixation device
that allows satisfactory brain decompression by keeping the original bone flap away from the swollen brain; at the
same time, in a later stage, it allows cranial reconstruction in a simple way. Conclusion: The SF device was shown to
be very easy to use, adaptable, and practical to apply; thus, allowing both satisfactory brain decompression as well as
bone flap repositioning at a later time after the brain swelling has subsided.
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Introduction then reconstruction using various biomaterials (acrylic

resin, porous hydroxyapatite, titanium plate, etc.)
Currently, decompressive craniectomy is indicated is an excellent alternative that allows to complete a
in cases of intractable raised intracranial pressure cranioplasty later on. In the acute phase of brain swelling,
resulting from severe head injury, subarachnoid and ~ @ Wide craniectomy allows brain protection from

intracerebral hemorrhage, malignant brain ischemic  likely irreversible damage.' While a decompressive
craniectomy is usually carried out with a sense of

urgency, there is usually a long waiting period before
reconstruction is entertained. While waiting to complete a
cranioplasty with a considerable delay (1-12 months),['*!
several problems may arise due to the presence of a skull
defect. Some of these problems include:

stroke, extensive cerebral venous sinus thrombosis, and
in many other conditions responsible for life-threatening
brain swelling (i.e., tumor, etc.).'? Generally, the bone
flap removed is stored in a bone bank or in the patient
abdominal fat; if the bone flap has to be discarded,
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E'" 10.4103/0976-3147.118779 e New onset of psychological problems due to poor
cosmesis.
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® Last but not least, patients require a second operation
(cranioplasty) with all the associated and potential
risks and costs related to another surgery.>*!

In this paper, the authors present a newly conceived
device that brings about the benefits of a decompressive
craniectomy and at the same time spare patients from
requiring a second, usually delayed reconstructive surgery.

Materials and Methods

Description of system

The “Skull Flap” (SF) device is a permanent implant; it
is manufactured according to International Organization
for Standardization 5832-3 and it is made of titanium
ASTM F 136, grade 3.7165, tensile min 860, max 9999
Mpa that maintains optimal biocompatibility and allows
optimal compatibility with CT and MRI.

The SF consists of a hinge system that is connected to one
edge of the removed bone flap to the skull. The opposite

Figure 1: SF system model in open position

Figure 3: SF system in closed position

edge of the bone flap is connected to the skull by a plate/
sliding track that carries a locking—unlocking system
[Figures 1-4]. This plate is also connected to a titanium
wire tunneled and externalized in the scalp at a site
distant from the surgical and covered by a silicon tube.
Within 2-4 weeks, when the brain swelling has subsided,
the wire will serve as traction for the repositioning of the
flap in its anatomical position. To unlock the system, a
peculiar maneuver is needed and specifically pulling the
wire first downward, and subsequently, upward while it
is right on the major flap axis to avoid accidental release.
The plate and the hinge will also allow bony fusion of
the flap edges.

Methods

Different size and location craniectomies were completed
in four different human cadaveric heads (a total of eight
craniectomies were made) and the elevated bone flaps
were repositioned and locked 12 and 15 mm higher from
the skull edge using the SF system [Figures 5 and 6].
The authors have empirically chosen the height of 12-
15 mm from the outer skull layer thinking that a large
craniectomy (i.e., 12 x 15 cm), as they routinely do in real
patient, could assure an adequate decompression and
in the meantime gaining a sufficient expansion volume

Figure 2: SF system model in open position

Figure 4: Prototype of SF device conceived and designed for
experimental study on dogs (being currently in progress)
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thanking to the large surface. Load-bearing testing of
the craniectomies were completed using the universal
test machine Zwick 1485 (Zwick, Inc., Ulm, Germany),
applying a defined quasi-static (V = 5 mm/min)
mechanical force. The impression ratio to the submitted
force was automatically recorded until reaching a 2-mm
flap descent while in the open position and a 2-mm depth
while in closed position.

The present study has been approved by the hospital
IRB (Institutional Research Board).

Results

The SF prototype assessed in this study was shown
to be very easy to use, adaptable, and applicable to
craniectomies of various types and size. The results of the
load-bearing tests are showed in a graphic [Figure 7]. The
result clearly demonstrates that the SF is a strong fixation
device with optimal plastic deformability allowing a
satisfactory and consistent brain decompression. In our
study, the bone flap remained very well in the desired
raised position. Furthermore, the fact that an edge of the
device is directly attached to the skull guarantees the
repositioning of the flap back in its correct anatomical
position; as well as the lock—-unlock system has
demonstrated a reliable and very efficient flap descent
once unlocked. It is important to note that we were able
to perfectly reapproximate the scalp over the raised
flap when kept at heights between 12 and 15 mm. Since
the scalp of cadaveric heads can be well closed, it is our
opinion that this is also possible in living patients as the
skin is much more elastic and extensible.

Discussion

Decompressive craniectomy is a procedure performed
with increasing frequency worldwide and its indications
have been extended to a large number of conditions. "
The main idea and guiding principle of the SF system
is to allow decompressive craniectomy maintaining
at the same time the flap in place (though desirably
raised between 12 and 15 mm from the brain surface).
This allows to achieve a dual goal: (1) satisfactory brain
decompression followed by (2) repositioning of the flap
in its anatomical position (usually after 2-4 weeks) simply
pulling a wire rather than performing a new surgical
procedure.

Such a system may also potentially avoid all the problems
related to a skull defect such as direct brain injury,
delayed patient’s rehabilitation, local and global brain
hemodynamics and metabolic dysfunction leading to

Figure 5: Fronto-parietal craniotomy showing the SF device in place
keeping the bone flap in an open position

Figure 6: Fronto-parietal craniotomy showing the SF device in place
keeping the bone flap in a closed position

Skull Flap
losed positio

Skull Flap
open position

Impression depth

(nm )

Figure 7: Graphic showing the load-bearing test on SF device
demonstrating that it is needed 70 N = 70 kg of impression force
to make 2 mm descent of the bone in an open position as well as
175 N =175 kg of impression force to make 2 mm descent of the bone
in a closed position

neurological deterioration,!'®?!l patient’s psychological
problems due to poor cosmetics, and, above all, surgery
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for cranial reconstruction.”? To our knowledge, there are
no similar systems currently available in the international
market. It has already been proposed by some surgeons
the possibility of using inverted “L”-shaped mini-plates
to keep the bone elevated, although this technique
necessarily require a reintervention for their removal
and for the repositioning of the bone flap; others have
proposed to leave the bone flap floating above the
brain, %! although this system, we do believe, does
not guarantee an effective cerebral decompression and
it may also cause the formation of adhesions between
the flap and the underlying tissues (brain and dura
mater) preventing proper repositioning and favoring
pseudo-artrosis. Analyzing more in details the SF device
we believe that it has two relative limitations.

Under some circumstance, it may be difficult to close the
skin over the flap in an elevated position (although we
were able to close the skin in all eight craniectomies
with the flap raised up to 15 mm) even if the scalp
retains optimal elasticity. Brain decompression may
be suboptimal at the site where the flap is attached
to the skull with the hinge; this problem prompted a
modification of the SF device, which is currently in
progress. This is a modification that will allow equal
bone flap elevation all around the craniotomy edges thus
allowing equal decompression.

Conclusion

The SF device was shown to be a very easy, adaptable,
and practical device. It is a strong fixing device with, at
the same time, optimal plastic deformability allowing
reliable brain decompression; this is because the bone
flap remains in an elevated position and pulls easily
back in its anatomical position thus completing a
cranial reconstruction. SF presents also some limitations
currently under study and requires modification. Next
stage will be an experimental study on an animal model
to assess safety of the SF device (already in progress on
dogs) before the possible implementation in a clinical
study to assess its real efficacy in human patients.
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