Application of 3D Printed Biocompatible Plastic Surgical
Template for the Reconstruction of a Nasoalveolar Cleft with
Preoperative Volume Analysis
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Secondary autogenous bone grafting is the gold standard for the closure of an alveolar cleft. A preoperative
surgical planning helps to determine the optimal shape and volume of the graft, that ideally guide canine
eruption to the cleft area and ensure adequate nasal support. The authors describe their experience with
design and use of an individually shaped 3D template for an autologous bone graft with fibrin glue for correct
volume design. The conforming template is designed using freeware and open source software, it is
manufactured by means of additive technology using autoclavable resin.
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Secondary autogenous bone grafting was introduced in
the 1980’s and became the method of choice for the repair
of the nasoalveolar defect in cleft patients. Since then, there
has been a continuous research to ensure favorable results
[1]. The alveolar cleft is a complex three-dimensional (3D)
midfacial soft tissue and bony deformity and surgical
management benefits from adequate planning. Accurate
evaluations of the cleft dimensions became possible with
the rising of 3D imaging technology [2, 3]. The preoperative
definition of the architecture and size of the bony defect
has been considered helpful because those features may
vary with the cleft type and show great variability between
patients. Radiographic 3D imaging is considered state of
the art for the diagnostic evaluation and treatment planning
of patients requiring alveolar bone grafts [4]. Studies have
already showed that software simulations, based on 3D
cone beam CT data, are reliable and reproducible, thus
can be implemented for the planning of cleft surgery [4].

Palhazi et al. described the use of a graft template to
ensure adequate grafting of the alveolar cleft and adequate
nasal support [2]. CBCT (cone beam computed
tomography) data acquisition was performed in order
to visualize the alveolar cleft. An adequate estimation was
performed to determine the volume of the bone graft. The
iPlan surgical planning software (Brainlab AG, Feldkirchen,
Germany) was used to create 3D virtual template of the
naso-alveolar cleft. Previously, this template was used as
a guide for trimming the bone graft to the proper shape of
the cleft in the operating room, however, this method was
found inaccurate and time-consuming.

Our main objective was to develop a workflow to
create a custom-made, individualized surgical
template for provide help in harvesting
adequate autologous bone and to conform its
shape to the alveolar bone defect for each
patient.

Experimental part
Materials and methods

We present an inexpensive and straightforward
workflow for creating a patient specific 3D printed resin
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mold for obtaining a perfectly fitting bony cast of the alveolar
defect, using autologous cancellous bone from the hip,
mixed with fibrin adhesive (Tissucol, BAXTER). We also
present our short-term experience in using these
devices.

The preoperative CBCT data of the alveolar
defect was used obtained to create the 3D
model of CT images was also used for the
evaluate the upper airways, asymmetries and
developmental of the facial skeleton.

The 3D model of the bony defect was created
using Osirix (Pixmeo SARL) by the following
method:

The region of interest (ROI) of the bony defect
was marked on each slice by contouring the
borders of the defect using the ROI pencil tool.
Adequate precision and a significant reduction
in worktime can be achieved by manually
contouring only a fraction of the slices, while
using the software’s interpolation function to
calculate the inbetween slices. The tracing of
the defect was carried out using a graphic tablet
(Intuos Pro, WACOM) for a convenient and
precise contour drawing. The volume of interest
(VOIl) of the defect was calculated by the
software from the ROI set. The VOI was
transformed to a mask by using Set pixel values
to ... function (ROl menu). The mask was further
converted to a mesh model by segmentation and
surface rendering.

The mesh model of the alveolar cleft was
exported as an STL (standard tessellation
language) file into Meshmixer software
(Autodesk). The Smooth tool was used to carry
out a shape preserving smoothing of the sharp
edges. The resulted mesh may serve after 3D
printing as a visual aid during bone graft
collection from the hip. However, we took the
planning a step further, by subtracting the 3D
model of the defect from a solid, obtaining this
way the negative of the defect, which can be
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used as a casting mold for the conformation of
the particulate bone. To facilitate the cast
removal, a two-part mold with an interlocking
mechanism was created and the upper face of
the mesh was selectively extruded and
subtracted from the mold, thus obtaining an
undercut removal. As a final step a cover was
created from cylindrical primitives using the
software’s boolean substraction function to
conform the morphology of the upper surface
of the graft.

The cast is made out of three parts. These
parts were 3D printed using an OBJET 500
(Stratasys, Israel) using a clear MEDG610
(Stratasys, Israel) biocompatible resin. The
support material was made from SUP705
(Stratasys, Israel) resin. MED610 is a resin made
of exo-1,7,7-trimethylbicyclo [2.2.1]hept-2-yl
acrylate, 4-(1-oxo-2-propenyl)-morpholine, 2-
Propenoic acid, Glycerol, propoxylated, esters
with acrylic acid and some proprietary,
undisclosed components. This biocompatible
resin, is compliant with ISO 10993-1 with a
Category 3 specific target organ toxicity. The
materials tensile strength is 50-65 MPa, its
elasticity modulus is 2000-3000 MPa.

The support material is a waterjet removable resin,
made from the following components: poly(oxy-1,2-
ethanediyl), alpha-(1-oxo-2-propenyl)-omega-hydroxy-,
1,2-Propylene glycol, polyethylene glycol, glycerin,
phosphine oxide, phenylbis(2,4,6-trimethylbenzoyl)-,
acrylic acid ester.

The used 3D printer is a multi-color, multi-material printer,
using inkjet printing technique and UV curing for printing
high quality parts.

Results and discussions

The planning and manufacturing were straightforward.
Our parts were printed with a layer thickness of 16 microns.
We used these medical devices in 10 cases of secondary
cleft surgery (8 unilateral, 2 bilateral). The steam
sterilization process did not alter the dimensions and
transparency of the device. The surgical interventions were
carried out, there were no early complications.

Additional benefits are the possibility for
compacting the bony particles before inserting
into the surgical field.

The surfaces that are in contact with the
mucosa or periosteum can be marked and a
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resorbable membrane can be fitted, so the final
cast will be covered with membrane except on
surfaces that are in contact with the alveolar
bone.

An adequate bone graft is required to reconstruct the
alveolar cleft, to close the oro-nasal fistulas, and to stabilize
the alveolar segments before definitive orthodontic and
restorative dental treatment. It is also necessary to support
the nasal floor and the piriform aperture for the facial
contour [1, 4].

Studies based on CT data reported that graft survival
ranged from 60 to 80% [4]. A study using 3D navigation
showed a mean bone loss of 51% after one-year follow-up,
and 52% after two years follow-up [1]. This loss was almost
entirely in the sagittal dimension, the height of the transplant
in the alveolar portion remained almost constant.

Several risk factors have been identified for bone loss
after secondary alveolar bone grafting. Some studies have
mentioned that the resorption rate of a grafted bone can
be altered according to the cleft type.

When the adjacent teeth were missing, (lateral incisor
or canine) the amount of bone loss was 95% after the first
year [1, 4]. Zhang et al. showed that the resorption rate
was 10.4% lower in patients who had adjacent teeth
eruption into the bone graft [3]. More favorable bone
formation is achieved when the canine is close to the
alveolar plane. The physiological stress caused by canine
eruption helps bone formation [4].

The volume of the graft harvest is typically determined
by the surgeon. If the bone volume is not based on objective
diagnostic criteria, the extracted bone for grafting is often
excessive or deficient [5]. Overcorrection is not advised
because of the possibility of airway obstruction and the
uncontrolled resorption with effect on the facial
asymmetry [2, 3]. Overcorrecting with excessive
compression can even lead to inordinate resorption [3].
Excessive harvesting can also increase donor site
morbidity.

There are anumber of possible donor sites for autologous
bone harvesting and both cortico-cancellous and
cancellous bone have been successfully used for alveolar
cleft reconstruction [7]. While using cancellous bone for
alveolar cleft reconstruction, merging the bony particles
with fibrin glue can facilitate osteointegration and
significantly diminish bone resorption, allowing improved
graft integration and quality [6].

Studies have shown that measuring and preoperatively
calculating the bone volume of the graft with surgical
simulation software is beneficial [5]. To achieve optimal
results a real-size template can help to demonstrate the

Fig. 1. 3D model of the graft (a), of the tray
model (b), and tray model with the hollow
and the graftinside (c)
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Fig. 2. Two part mold with the
interlocking mechanism
separated (a) and assembled
(b). Cover and the graft mock-

up (c)
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anatomical characteristics of cleft [2]. This template can
also be used to create a 3D mold for the transfer for the
actual amount of bone that is required, instead of the
syringe compression method (3). Every patient is
individually different, and the 3D CB-CT imaging helps to
estimate the location and degree of the maxillary deformity
[5]. Three-dimensional images showed very precise
results for volumetrically analysis of bone graft volumes
[1, 3, 4]. Now it also important to translate these accurate
measurements into practical surgical skills. Only with
accurate volume of bone grafting we can ensure optimal
clinical outcome and correct values for study evaluations.
By implementing this technique, we can obtain correct
study data to evaluate bone resorption and to truly
understand the bone regeneration in the 3D anatomical
naso-alveolar cleft defect. Our technique ensures a correct
and meticulous preparation of the surgical case, ensures
less surgical trauma and a short operation time. Accurate
evaluation of the CBCT data gives a correct evaluation of
the alveolar cleft volume and the amount of bone that is
required for grafting.

Conclusions

Our workflow is straightforward,
freeware software for planning.

The MED610 biocompatible material is a good choice
for 3d printing this medical device. This method brings an
added value to the secondary cleft surgery, by increasing
the bone-graft volumetric precision and its density, while
decreasing the duration of the surgery. We intend to further
study the impact of this method on dynamics of the bone
graft on long term, by follow up study for assessing and
comparing the resorption ratio of these grafts versus the
resorption after the classic grafting procedure.
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