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Introduction

The techniques of cranial bone flap fixation have changed
with the development of medical devices. The cranial bone
flapwas originally fixedwith the use of silken threads, nylon
thread, or wire. Rigid fixation of bone flaps using titanium

plates was first documented in 1991.1 The titanium plates
spectacularly improved the rigidity and stability of the free
bone flap. Accordingly, the titanium plates have been
adopted worldwide as the most widely and easily used
way to fix the cranial bone flap. However, several complica-
tions associated with plate fixation have recently been
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Abstract Metal fixation systems for cranial bone flaps cut by a drill are convenient devices for
cranioplasty, but cause several complications. We usemodified craniotomy using a fine
diamond-coated threadwire saw (diamond T-saw) to reduce the bone defect, and
osteoplasty calcium phosphate cement without metal fixation. We report our out-
comes and tips of this method. A total of 78 consecutive patients underwent elective
frontotemporal craniotomy for clipping of unruptured intracranial aneurysms between
2015 and 2019. The follow-up periods ranged from 13 to 66 months. The bone fixation
state was evaluated by bone computed tomography (CT) and three-dimensional CT
(3D-CT). The diamond T-saw could minimize the bone defect. Only one wound
infection occurred within 1 week postoperatively, and no late infection. No pain,
palpable/cosmetically noticeable displacement of the bone flap, fluid accumulations,
or other complications were observed. The condition of bone fixation and the cosmetic
efficacy were thoroughly satisfactory for all patients, and bone CT and 3D-CT
demonstrated that good bone fusion. No complication typical of metal fixation
occurred. Our method is technically easy and safety, and achieved good mid-term
bone flap fixation in the mid-term course, so has potential for bone fixation without the
use of metal plates.
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documented including pain and discomfort, protrusion of
the plates and/or screws on palpation, skin inflammation,
ulcer formation, scalp rupture, and infection of the surround-
ing tissue.2–5

The bioabsorbable plate has since been developed to
overcome the complications specific to titanium plates but
with equivalent efficacy to the titanium implant system.6,7

Furthermore, bioabsorbable implants do not interfere with
clinical imaging. For these reasons, the bioabsorbable plate
system is an appealing alternative to the conventional metal
plate system. However, bioabsorbable plates are not com-
monly used in Japan. The intraoperative handling procedure
of the bioabsorbable plate system is relatively complex and
difficult. However, the greatest impediment to the wide-
spread use of bioabsorbable plates is the much higher cost
compared with titanium plates. The implant cost of the
bioabsorbable plate is approximately sixfold higher than
that of the titanium plate.7

Consequently, we have adopted an inexpensive alterna-
tive technique for supratentorial craniotomy avoiding the
need for flap fixation with metal devices, based on craniot-
omy using a diamond-coated thread wire saw (diamond T-
saw) since 2006.8,9 The diamond T-saw was originally
developed for spinal surgery, which reduces the bone gap
for fitted bone flap fixation. A series of 77 adults undergoing
elective supratentorial craniotomy suffered no complica-
tions such as dural laceration, flap displacement, resorp-
tion, or infection of the flap in a follow-up period of up to
50 months.8

The only concern as our reports was that methyl methac-
rylate (MMA) was applied to the burr hole.8,9 Cranial recon-
structive surgery done using MMA has higher rates of
infection and wound-healing disorders.10,11 Study of the
long-term consequences of MMA usage for cranioplasty
found a 23% complication rate within 8 years of operation.12

Another study demonstrated that MMA has a high infection
rate of 12.7% comparedwith other materials and is similar to
autologous flaps.13 MMA carries high risks of extrusion,
decomposition, and allergic reaction, and the residualmono-
mer from cold polymerization may be toxic.14–16

Therefore, we considered the use of calcium phosphate
cement. Calcium phosphate cement is a natural component
of bone. Calcium phosphate cement is a bioactive grafting
material, available as powder that mixed with various pH
neutral liquids sets as hydroxyapatite. The crystalline struc-
ture and porosity of calcium phosphate are effective as
osteoconductive material with better biocompatibility. Cal-
cium phosphate cement has more effective bone repair
mechanisms. Patients who underwent calcium phosphate
cement cranioplasty had lower incidence of cerebrospinal
fluid leak because of the watertight properties of the hard-
ened cement.17 In contrast to MMA, calcium phosphate
cement causes few foreign body reactions and has decent
chemical bonding to bone.

Here we present our modified craniotomy experience
with a diamond T-saw and reconstruction using calcium
phosphate cement without metal fixation, and report the
outcomes and provide additional procedural tips.

Idea

Study Population
This study included 78 patients (26 males, 52 females), aged
between 33 and 79 years (mean age, 60.9�11.1 years), with
unruptured intracranial aneurysm treated at our hospital
between June 2015 and December 2019. All patients under-
went frontotemporal craniotomy for neck clipping of anteri-
or circulation aneurysm through the pterional approach.
Informed patient consent for the analysis was not required
because of the retrospective nature of the study; all patients
or their guardians consented to undergoing the neurosurgi-
cal procedures described in the study.

Surgical Technique
Surgery basically followed our previously reported meth-
od.8,9 The scalp and pericranium were dissected and
reflected, then a burr hole was drilled at each corner of the
intended craniotomy, the dura dissected from the inner
table, and a craniotome partially used for osteotomy be-
tween the adjacent burr holes. A medium-sized (the diame-
ter is 0.64mm) diamond T-saw (MANI, Inc., Utsunomiya,
Tochigi, Japan) was introduced between the burr holes
through the epidural space using a genuine flexible diamond

Fig. 1 Schema of surgical technique.
Intraoperative photograph and Illustrations of right frontotemporal
craniotomy using a diamond T-saw. (A) A bony bridge (red line) is left
between two osteotomies performed with a craniotome. Black arrows
indicate the diamond T-saw. Using reciprocating strokes, a diagonal
slit is created in the bony bridge. Fixation of the bone flap without
metal fixation. (B) Small drill holes are made from the surface of the
bone to the cut edge at each corner of the craniotomy for flap fixation
(black arrows). Fixation of the bone flap using nonabsorbable 2–0
sutures (black arrows). Reconstruction using calcium phosphate
cement. (C) Calcium phosphate cement (asterisks) is used to fill the
burr holes and temporal base bone defect.
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T-saw guide catheter. Reciprocating strokes were performed
to create a beveled cut, which is key for supporting the
bone flap on closure (►Fig. 1A). The saw was irrigated
with saline solution for cooling and smooth movement
during the reciprocating motion. The base of the temporal
bone was shaved to get microscopically operative field
by drill.

On closure, flap fixation used small drill holes from the
surface of the bone to the cut edge at each corner of the
craniotomy. Nonabsorbable 2–0 sutures were passed
through adjacent holes in the skull and flap and tied
(►Fig. 1B). Calcium phosphate cement (BIOPEX-R; HOYA
Technosurgical Corp., Tokyo, Japan) was filled in the burr
holes and temporal base bone gap (►Fig. 1C). The lines cut
using the diamond-T-saw attached firmly, so calcium phos-
phate cement insertion is not mandatory. The scalp was
closed in the usual fashion.

Clinical Outcomes Data
Follow-up periods ranged from 21 to 75 (median, 53)
months. Complicationswere discovered at return clinic visits
and during routine follow-up care. We paid particular atten-
tion to incomplete wound healing or skin breakdown at the
craniotomy site, deformity in appearance, and infectionwith
purulent drainage. Cosmetic outcome after surgery was

assessed by the patients themselves and two neurosurgeons
(H.K. and D.Y).

Skull X-ray immediately after the surgery and bone
computed tomography (CT) of the head obtained 1 week
after the surgery were evaluated for initial displacement of
the bone flap and applied calcium phosphate cement. Three-
dimensional CT (3D-CT) scans were reconstructed in some
cases. Bone CT and 3D-CT obtained 1 and 3 years after the
surgery were evaluated for long-term displacement and
cosmetic efficacy. Short- and long-term displacement of
bone fixation of 5mm or more was considered as significant.
These data were compared with data of 66 cases of the
frontotemporal craniotomy using a craniotome and recon-
structionwith the titanium implant system for neck clipping
of ruptured anterior circulation aneurysm through the pter-
ional approach during the same period.

Results

Compared with the craniotomy using a craniotome, the bone
gaps between theboneflap and the surrounding bone seemed
to be much less on the skull X-ray (►Figs. 2A, –3A). 3D-CT
image and bone CT at early postoperative period also depicted
the calcium phosphate could completely cover the burr hole
and the temporal base bone defect (►Fig. 4A, B); bone CT after

Fig. 2 Case of right frontotemporal craniotomy using a diamond T-saw and reconstruction using calcium phosphate cement without metal
fixation.
Lateral views of immediate postoperative skull X-ray. (A) Postoperative skull X-ray showed minimum gaps between the bone flap and the
surrounding bone (black arrows) were observed in the craniotomy using a diamond T-saw. Lateral view of three-dimensional computed
tomography (3D-CT) scan on the third postoperative year. (B) Axial bone images of CT scans on the seventh postoperative day. (C) Axial bone
images were obtained at the level indicated by the dotted black line on 3D-CT as shown in figure B. Postoperative bone CTscans obtained 1 week
after the surgery showed a minimum gap between the bone flap and the surrounding bone (white arrow) and no displacement of the bone flap.
Axial bone images of CT scans on the first postoperative year. (D) Postoperative bone CT scans obtained one and three years after the surgery
demonstrated secondary fixation by autologous fibrous and/or osseous fusion (white broken arrows) without bone flap displacement. Axial bone
images of CT scans on the third postoperative year (E).
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third years produced a similar finding (►Fig. 4C). Even if the
bone flap was not fixed with the titanium implant system, no
initial displacements of bone flaps was detected by bone CT
(►Fig. 2C). Also, owing to the narrowosteotomy obtained by a
diamond T-saw, the bone gaps between the bone flap and the
surrounding skull were minimum. All patients had long-term
bone displacement of less than 5mm based on bone CT
(►Fig. 2D, –2E). In addition, postoperative these images
obtained 1 (►Figs. 2D,–4D, 4E) and 3 years (►Figs. 2E,–4F,
4G) after the surgery demonstrated secondary fixation by
autologous fibrous and/or osseous fusion between the bone
flap and the surrounding skull. In contrast, postoperatively
these images after the craniotomy using a craniotome and
reconstruction without calcium phosphate cement could not
depict the secondary fixation between the bone flap and
the surrounding skull, resulted long-term bone gaps
(►Fig. 3). 3D-CT images obtained1 (►Fig. 4D, –4E) and3years
(►Fig. 4F, –4G) after this procedure demonstrated satisfactory
long-term fixation of the bone flap and affinity binding of
calcium phosphate cement applied to the burr hole and the
temporal base bone defect.

Wound infection within a week postoperatively occurred
in only one patient, with no late infection. No pain, palpable
displacement of the bone flap that was cosmetically
noticeable, fluid accumulation, or other complication
occurred. No patient complained of unsatisfactory cosmetic
outcomes.

Discussion

Our case series of patients were treated with modified
craniotomy with a diamond T-saw and reconstruction using
calcium phosphate cement without metal fixation. Satisfac-
tory long-term fixing and no complications were found
except for one case of early postoperative wound infection.
Cosmetic results using calcium phosphate cement were very
satisfactory.

Fixation of boneflapswith only sutures, without using the
diamond T-saw, requires that the sutures remain extremely
tight until fibrous or osseous fusion occurs. A cadaver study
showed that bone flaps immobilized by sutures were imme-
diately structurally unstable and easily dislocated.18 There-
fore, sutures allow micromovements, resulting in delayed
osseous fusion. The reduction in bone gap using the diamond
T-saw allows stability of initial fixation. In our method,
stability was immediate and resulted in adequate bone–
bone fixation, so the bone flap remained motionless
until secondary fixation by fibrous or osseous fusion oc-
curred. Secondary fixation by autologous fibrous or osseous
fusion and calcium phosphate cements can be achieved
without problems due to the stability of the primaryfixation.
This process leads ultimately to good satisfaction with the
long-term fixation and cosmetic appearance.

We used calcium phosphate cement to fill the burr holes
and temporal base bone gap to avoid the known problems

Fig. 3 Case of left frontotemporal craniotomy using a craniotome.
Lateral views of immediate postoperative skull X-ray. (A) Postoperative skull X-ray showed wide gaps (black broken arrows) could be detected in
the craniotomy using a craniotome. Lateral view of three-dimensional computed tomography (3D-CT) scan on the third postoperative year.
(B) Axial bone images of CT scans on the seventh postoperative day. (C) Axial bone images were obtained at the level indicated by the dotted
black line on 3D-CT as shown in figure B. Postoperative bone CTscans obtained 1 week after the surgery showed wide gaps between the bone flap
and the surrounding bone (white arrow). Axial bone images of CT scans on the first postoperative year. (D) The surgery demonstrated
no secondary fixation by autologous fibrous and/or osseous fusion, resulting wide gaps remaining around the bone flap (white broken arrows).
Axial bone images of CT scans on third postoperative year (E).
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with MMA. Fixation and cosmetic outcome were thoroughly
satisfactory, and the reconstructions using calcium phos-
phate cement were free from the various problems involved
with MMA. The first Japanese national survey on complica-
tions related to cranial implants in neurosurgery indicated
that usage of MMA was significantly associated with infec-
tion.19Our research results further corroborated thisfinding.
Hydroxyapatite undergoes osteointegration in animal mod-
els,20 but there is no evidence for osteointegration for
humans in vivo. Demonstration of osteointegration for
humans in vivo will not be easy. CT showed bony fusion
and affinity between calcium phosphate cements and bone
in our series, but we are not sure whether the histological
structure is adequate.

This study has several limitations that require discus-
sion. First, our follow-up period was only a median of
45 months. Therefore, only long-term follow-up will show
whether the fixation and cosmetic appearance will re-
main, and the chronic infection rate may change. The only
foreign materials were the nonabsorbable sutures, so
complications associated with plate fixation including
pain and discomfort, protrusion of the plates and/or
screws on palpation, skin inflammation, ulcer formation,
scalp rupture, and infection of the surrounding tissue will

not theoretically happen. Second, the cutting speed of
bone using the diamond T-saw is lower than the cranio-
tome. Therefore, this method is not appropriate in patients
who require emergent removal of the bone flap for de-
compression. Third, the retrospective design, nonrandom-
ized patients, surgical technique selection, and the
relatively small number of patients treated at a single
institute of a single surgical team were all limitations of
this study, necessitating further clinical studies to examine
the detailed associations between calcium phosphate ce-
ment-related complications and long-term outcomes.

In conclusion, our method is technically easy and safety,
and achieved satisfying mid-term fixing performance on CT
in the mid-term clinical course, so has the potential for skull
bone fixation without the use of metal plates.
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