TecHNICAL NOTE

Neurol Med Chir (Tokyo) 61, 292-296, 2021

Calcium Phosphate Cement “Space Fill-in” Augmentation
in Autologous Cranioplasty for Large Cranial Defect:
Additional Technical Consideration and
Its Long-term Follow-up

Ichiro TAKUMI' and Masataka AKIMOTO?

Department of Neurosurgery, St. Marianna University School of Medicine, Kawasaki,
Kanagawa, Japan
?Department of Plastic Surgery, Nippon Medical School Chiba Hokuso Hospital, Inzai,
Chiba, Japan

Abstract

In the skull tumor surgery that requires a large cranial reconstruction, economical one-time sur-
gery is challenging. Calcium phosphate paste (CPC) alone is not applied in the large defect. Other
plastic fill-in materials have each drawback. Ready-made implants are costly. The authors pres-
ent additional technique of CPC cranioplasty combined with mainstay autologous grafts for a
large cranial defect. The combination of split rib grafts was augmented by CPC. Tenons were
placed for the stability of grafts. Our newly additional technique is that CPC is filled in the small
adjacent spaces of autografts, not applied as the simple on-lay graft. We introduced this method
to a 57-year-old gentleman with left parietal expansile skull tumor. The aesthetics of the patient
has been satisfactory, and there were no complaints about pain in the graft site. In the follow-up
period of 8 years, both autologous grafts and CPC were well maintained without marked resorp-
tion. This patient could work as a farmer in this period. Our methods fulfilled the requirements
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of aesthetics and in-situ plasticity for a larger cranial defect.
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Introduction

Several ready-made alloplastic implants such as
hydroxy apatite (HA), polyether ether ketone (PEEK),
titanium and polyethylene are frequently used for
cranial reconstruction. Poly methyl-meta acrylate
(PMMA) paste used to be used as it has good
strength, but it is not used these days in Japan with
the frequent drawbacks of post-surgical infection
and skin trouble.! PEEK may have higher local
complication rate,” but so as in thinner titanium
mesh implants,? or fracture is observed in HA
implants.?’ Patient-specific titanium-reinforced calcium
phosphate implant? solves some of these problems;
however, it is costly to make those implants. Overall,
accessibility to the various materials may differ in

countries to countries, for instance, PEEK has never
been available in Japan to date.

Paste fill-in materials have been used in skull
reconstruction because of its in-situ plasticity.
Calcium phosphate paste (CPC) is frequently used
in the augmentation of cranial reconstruction.>®
CPC is not used near paranasal sinuses or after
radiotherapy, to avoid further complications. CPC
is not used in the large cranial defect cranioplasty
alone. Its use should not exceed 25cm? of coverage
area.” Autologous grafts™ are, in a sense, available
elsewhere, and eventually, economical.

We assumed that CPC cranioplasty designed for a
large cranial defect may well be augmented with
autologous graft of the Catcher’s mask cranioplasty.®®
Catcher’s mask cranioplasty is a “non-fully covered”
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cranioplasty which resembles a baseball catcher’s mask,
a combination cranioplasty of autologous grafts of rib
grafts and/or calvarial grafts. These autografts function
as mainstay to enable unfurling the sails of CPC grafts,
to minimize the coverage area. Here, we report our
technique of CPC cranioplasty augmentation of the
Catcher’s mask method, with a long-term follow-up.

Technical Note

This 57-year-old man noticed to the left parietal osseous
mass at the time of traffic accident in 2006. As the
patient complained an enlargement of the tumor in
2007, surgery was indicated because malignancy was
suspected. CT scan shows 50 mm x 49 mm low-
density mass in the parietal bone, extending in the
inner table to the outer table of calvaria (Figs. 1A—1D).
N-butyl-2-cyanoacrylate (NBCA) was embolized into
the tumor through the left superficial temporal artery
three days prior to the surgical resection.

8 cm X 8 cm of craniotomy was placed in the left
fronto-parietal lesion (Fig. 2A). As the dura matter
was incised because of the invasion, it was substi-
tuted by free fascia lata graft (Fig. 2A). Split rib graft
was harvested, arranged into parallel crosses by the
2-0 surgical nylon (Fig. 2B). Harvesting of split rib
grafts is described elsewhere,” in brief, 10 cm of left
7th and 9th ribs were selected not to take ones next
to each other, harvested, and split by a reciprocating
saw. The graft contour is created with utilizing the
curve of rib. Eventually, one convex is compact bone
and another convexity is aerated bone, and they are
used to apply the double-crossed autologous graft of
split rib grafts. Tenons were placed on the recipient
skull (Fig. 2A, inset), to create the smooth contour
by eliminating gaps, together with the stability of
the graft application. These grafts were fixed with
the 2-0 surgical nylon. 10 mL of CPC paste (NTK
medical, Komaki, Aichi Japan) was prepared, thinned
to form a plate shape by sandwiched in medical
grade transparent dressings (Fig. 2C). One side of
dressing was removed and CPC graft was placed
onto the double-crossed autologous grafts (Figs. 2D
and 2E). The pathology revealed to be an intraosseous
cavernous angioma of the parietal bone.

The grafts were assessed for 8 years after the
surgery. There was no significant absorption in the
autologous grafts (Figs. 1E, 1F, 11, 1], 1M, 1N, 1Q, 1R,
1U, and 1V) or in the CPC (Figs. 1G, 1K, 10, 1S, and
1W). The aesthetical result is satisfactory (Fig. 3).
Although there is no method to measure the strength
of the graft, the graft fulfilled the needs to maintain
his daily life that this gentleman continued his job
as a farmer in the following 8 years after surgery.
He complained no pain at the graft site (chest).
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Discussion

In skull tumor surgery, one time cranioplasty with
individually designed-skull implants is realized by
neuro-navigator,'®Y but some additional methods
in-situ cranioplasty are introduced. Cranial defect
of 4 cm diameter is reconstructed by CPC with a
combination use of artificial implants with biological
affinities, which works well in that size.'® Titanium
cranioplasty with in-situ CPC augmentation is
reported, which may have some possibility of
post-surgical infection.’® A desktop 3D printer is
used for the molding PMMA cost effectively,*'* and
this might be a good solution if the in vitro molding
lowers the previous disadvantages of PMMA cranio-
plasty technique.? Our case was an expansile skull
tumor. The tumor was removed with 1cm margin
and the attached dura matter was removed because
we considered the possibility of its malignancy.

Catcher’s mask®? cranioplasty is characterized by
the non-full-filling cranioplasty, and the advantage
of this method is enabling larger defects-cranioplasty
with limited amount of autologous grafts, with the
advantage of cost-effectiveness. In the presented case,
we used combined rib grafts for mainstay part, but
combined rib-calvarium or calvarial grafts may be
the other options to be considered. Post-surgical
wound pain of the harvested site or the chest defor-
mity should be considered and patient’s informed
consent should be acquired, but these managements
are seldom required with the proper surgical tech-
nique. Intercostal neuralgia is avoided by designing
the single skin incision along with the rib, not to
across the intercostal nerve. Chest deformity is
avoided by harvesting ribs every other one, like
harvesting 5th rib and 7th rib. There still maybe
issues of aesthetics in autologous bone graft cranio-
plasty, but the technique is well established.’® We
are limiting its application to the troubleshooting
cranioplasty, such as repeated cranioplasty with 5-7
previous surgical intervention due to repeated failure
of cranioplasty by implants infection or scalp erosion,
as the strength of the autologous implants may not
be sufficient as regular cranioplasty such as by
preserved auto-bone or by ready-made cranial implants.
Catcher’s mask “framework” cranioplasty prevents
patients from sinking skin flap syndrome, but strength
wisely, even when the rim is well preserved, some
part of patient’s head is soft as there is no under-
covering. We certainly consider other simple tech-
niques of alloplastic cranial reconstruction before
indicating our method, especially in the adult patients
whose defect is pre-surgically measured.

Our method of rib harvesting is to take completely
free graft without periosteum. There is an
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Fig. 1 Presurgical CT images (A-D) show intraosseous skull mass in the left parietal bone. Postsurgical CT
images (E-H), 2-year follow-up (I-L), 4-year follow-up (M-P), 6-year follow-up (Q-T), and 8-year follow-up (U-X)
are shown, respectively. Both split rib grafts (E, F, I, J, M, N, Q, R, U and V) and CPC grafts (G, K, O, S, and

W) are well preserved. CPC: calcium phosphate cement.

observation that CPC was not absorbed if it is mixed
with a small amount of blood, and porosity of HA
was increased by the mixture of a small quantity
of blood into CPC, and this addition stimulated
osteogenesis in HA.'® Together with the observation
of the experimental prefabrication of vascularized
bone of porous PMMA in the periosteum using

animal model,’” leaving periosteum tissue at the
time of rib graft harvesting may be considered for
another surgical option. CPC has a low profile of
absorption,'® which adds the more protection to
the cranium, like our case. The issue whether the
autograft technique is cost-effective still remains
unclear, as this surgery was carried out by two
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Fig. 2 After 8cm x 8cm of the skull was removed, the dura matter was also incised and free fascia lata graft
was applied (A). A tenon is created at the recipient skull (A, inset). Split rib grafts were arranged into parallel
crosses (B). 10 mL of CPC was prepared into the two medical grade transparent dressings (C). When application
of CPC onto the autologous grafts, one side of transparent film was removed (D). Then removed another side of
the film, CPC graft was placed on the autologous grafts (E). CPC: calcium phosphate cement.

Fig. 3 The head keeps a beautiful shape 8 years after
the surgery.
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surgeons (one neurosurgeon and one plastic surgeon).
There may be a criticism that if a cranioplasty is
performed by a single surgeon, the cost of the second
surgeon (plastic surgeon) may exceed the cost of
alloplastic material.

The limitation of our study is the same as the
ones in the Catcher’s mask cranioplasty or the one
in the CPC cranioplasty, that it could not be applied
in the site with a higher risk of infection or at
irradiated site. We consider that cranial defects for
these conditions with donor site morbidity require
technically complex reconstruction.

Conclusion
Our methods, CPC cranioplasty augmented by the
Catcher’s mask cranioplasty, fulfilled the require-
ments of aesthetics and in-situ plasticity in a larger
cranial defect.
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