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accepted part of the craniofacial surgeon’s

armamentarium.'-® Hydroxyapatite was
originally available as blocks, then as granules,
and most recently as a powder that can be mixed
with a catalyst to form a ceramic.* The original
blocks were useful in filling bony gaps and as
onlay grafts.>® Their brittle nature and the diffi-
culty in shaping them limited their application
in the repair of orbitocranial defects. The gran-
ules could be molded and mixed with blood,
thrombin, and methylcellulose to form a granu-
lar paste that could be used to fill in contour
defects of the facial skeleton.® The lack of an
adequate standardized carrier and particle mi-
gration when the granules were exposed to grav-
ity made their use difficult. Both the blocks and
granules exhibited pore sizes that allowed bony
ingrowth and stable long-term results, with no
significant loss of volume.'%6 A powder form of
hydroxyapatite has recently become available.
When mixed with a catalyst, it forms a paste®’
that is easy to mould and cures quite rapidly to
ceramic cement, thereby preventing gravita-
tional effects. Our previous work with hydroxy-
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apatite blocks and granules stimulated us to be-
gin using the hydroxyapatite cement more than
7 years ago for a variety of orbitocranial
applications.?? Recent reports of high complica-
tion rates and unsatisfactory results with this ma-
terial prompted us to review our experience.'%!!
In this report, we detail the indications, tech-
niques for application, and limitations of hy-
droxyapatite cement.

PATIENTS AND METHODS

One hundred fifty patients underwent or-
bitocranial reconstruction with hydroxyapatite ce-
ment over a 7-year period. The 85 male and 65
female patients ranged in age from 2.2 to 50 years
old (mean age, 9.8 years). The majority of patients
(n = 134) had onlay application of hydroxyapatite
cement for orbitocranial contour defects, while 16
patients underwent inlay application for full-thick-
ness skull defects ranging in size from 1 cm to 7
cm. Mesh scaffolding was used in all inlay appli-
cations, with titanium mesh in 10 patients and
resorbable mesh in six. The mesh scaffolding was
placed between the dura and the hydroxyapatite
cement (Figs. 1 and 2). The amount of hydroxy-
apatite cement paste ranged from 8 g to 125 g
(mean, 26 gm). All patients were followed for a
minimum period of 1 year (range, 1 to 7 years;
mean, 26 months). Two different brands of hy-
droxyapatite cement were used in this study: Bone
Source (Leibinger Corp., Kalamazoo, Mich.) in 70
patients and Mimix (W. Lorenz Surgical, Jackson-
ville, Fla.) in 80 patients.

Preoperative evaluation included computed
tomography scanning, with three-dimensional re-
construction whenever possible. All patients were
operated on under a general endotracheal anes-
thesia through previously existing coronal scars
when present, which were excised in a W-plasty
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Fig. 1. Intraoperative view of full-thickness skull defect with ap-
plication of resorbable mesh superstructure (arrows). The supra-
structure has been recessed to allow for the application of at least
5 mm of hydroxyapatite cement. A heat pen is used to trim re-
dundant mesh.

Fig. 2. Intraoperative view of patient in shown in Figure 1. Hy-
droxyapatite cement is applied to the mesh suprastructure until
itis flush with the surrounding bone. Arrows show the feathering
of the cement onto the surrounding bone.

pattern. The areas of contour deficit or irregular-
ities were carefully mapped and marked before
injection of diluted bupivacaine and epinephrine.
Subgaleal dissection was carried out, with as much
of the periosteum preserved as possible, to expose
the areas of interest. Once the area of interest was
reached, a large flap of pericranium was elevated
to expose the underlying skull. If the temporal
areas were to be augmented, the temporalis mus-

cle was incorporated into the pericranial flaps.
Any hardware that was present was removed, and
all fibrous tissue was dissected off the underlying
bone. All areas of protrusion were then contoured
with a large cutting bone burr. The areas of hy-
droxyapatite cement application then had small
furrows burred in a crisscross pattern, using a
small diamond burr, to increase the area of hy-
droxyapatite cement adhesion. All bleeding
points were hemocoagulated to avoid the use of
bone wax.

The hydroxyapatite cement was mixed with
cephalothin powder (1 g of cephalothin per 10 g
of hydroxyapatite cement, up to 2 g of cephalo-
thin) before it was added to the activator. Once a
putty consistency was reached, the hydroxyapatite
cement was applied to the areas of contoured
skull, with a maximum of 25 g applied at one time.
Fach layer was textured with an open gauze
sponge during the drying process, to create a thin
crosshatching pattern on the surface of the ce-
ment, for better layer-to-layer adherence. The
pericranial and scalp flaps were returned to their
original position while the cement was still mal-
leable for external pressure contouring. This pro-
cess was repeated as required, with complete dry-
ing between layers, until the desired contour
correction was achieved. The cement was kept at
least 5 cm anterior to the scalp incision without
overcorrection. All loose or fragmented cement
was removed, final contouring with a large dia-
mond burr was carried out, and the pericranium
was then closed over the area of cement applica-
tion. In the inlay cases, the recipient sites were
prepared by contouring the edges of the full-thick-
ness defects with a diamond burr and then apply-
ing a titanium mesh or resorbable mesh scaffold
directly over the dura and securing the scaffold
with screws to the surrounding skull (Figs. 1 and
2). The mesh scaffolding was contoured with heat
to have a slight concavity before the application of
hydroxyapatite cement to a thickness of at least 5
mm (Figs. 1 and 2). A closed vacuum drain was
inserted, avoiding contact with the cement, and
the scalp was closed in layers using resorbable
sutures. All patients received 24 hours of intrave-
nous cephalothin and 5 days of oral cephalothin.
All drains were removed within 24 hours, and the
patients were discharged home withouta dressing.

RESULTS
One hundred thirty-eight patients (92 per-
cent) achieved satisfactory contour results (Figs. 3
through 7). There were 13 complications (9 per-
cent), all in the onlay group. Seven patients had
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Fig.3. Oblique and frontal views of patient after initial repair of facial/cranial gunshot wound atan

outside institution. Note the severe frontal/orbital and temporal bone contour defects.

Fig. 4. Oblique and frontal views of patient shown in Figure 3, 1 year after bone contouring and
onlay application of 75 g of hydroxyapatite cement and nasal reconstruction.

seromas within 1 week of surgery, requiring aspi-
ration only. Four patients developed chronic se-
romas that were not responsive to repeated aspi-
ration and pressure dressings. Three of these
patients were returned to the operating room for
removal of microfragmented hydroxyapatite ce-
ment and drain placement. One patient with a
chronic seroma caused by traumatic fragmenta-
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tion after a sports-related head trauma did not
return for operative intervention. Intraoperative
cultures and Gram stains were negative in all three
patients who returned to the operating room for
seromas, and all had uneventful recoveries with-
out loss of contour correction. One patient re-
quired operative intervention when the drain be-
came adherent to the cement. One patient had



Fig.5. Preoperative view of patient after enucleation and resec-
tion of frontal bone, lateral orbit, and partial maxillectomy for
orbital sarcoma.

Fig. 6. Postoperative view of patient shown in Figure 5, 3 years
afterinlay and onlay reconstruction of submental bone and orbit
with 100 g of hydroxyapatite cement. An orbital conformer has
been fitted to the reconstructed orbit.

overcorrection of the orbit and required second-
ary contouring. All but one of the complications
occurred in our initial 70 patients. There were no
complications in the inlay group.
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Fig.7. Computed tomography scan of patient shown in Figures
5 and 6, demonstrating intact hydroxyapatite cement in the lat-
eral orbit and temporal bone 3 years after application.

IS
FIWIN

The use of hydroxyapatite blocks in craniofacial
surgery demonstrated a novel application of a
biointegratable implant derived from a naturally oc-
curring compound.'=? The pore sizes allowed for
ingrowth of bone, creating a stable bone hydroxy-
apatite matrix.” Despite this osseointegration, the
inherently brittle nature of the blocks prevented

their use in load-bearing applications. Contouring of

these brittle blocks was difficult, and an edge effect
was often visible if the block was placed close to the
skin. Hydroxyapatite granules, with pore sizes similar
to those of the blocks, then became available.>!?
These granules could be applied to fill irregular
contour defects as long as a periosteal pocket could
be created.%'? We later combined the granules with
blood and resorbable collagen to create slurry,
which was much easier to apply than dry granules.®
This allowed the hydroxyapatite to be applied to
areas such as the frontal bone, where a completely
closed pocket was not possible. We found that the
granules became osseointegrated while retaining
their volume. This technique, although it extended
the applications for granular hydroxyapatite, had
inherent limitations. The curing period was pro-
longed and unpredictable, because consolidation
depended on adherence of the granules to the un-
derlying bed and to each other. The exact volume
after consolidation was difficult to predict, which
often led to overfilling and underfilling of contour
defects. Gravitational forces would occasionally re-
sult in settling of the granules, which created pro-
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