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or xenogenic materials have been successfully used for ridge augmentation 7,16,17 and 

more recently biologically inert alloplastic scaffolds shown to offer a reasonable alternative
���� Porous hydroxyapatite (HA) ceramics have been used extensively as substitutes in 

bone grafts, because the crystalline phase of natural bone is HA For optimal bone 

regeneration, scaffolds need to fit anatomically into the requisite bone defects and, ideally, 

promote cell growth and differentiation . For this reason, there is a clinical need for 

anatomically-shaped biomaterials to repair voids of bone loss in bone defects . Current 

implant procedures typically require bone replacement materials to be manually cut, 

shaped and formed at the time of implantation, resulting in an expensive and time­

consuming process. Moreover, it is difficult to shape the graft into an appropriate 

configuration . This limitation can compromise the mechanical stability and the 

biological properties of the scaffold. Computer-aided design/computer-aided 

manufacturing (CAD/CAM) technologies have recently opened new frontiers in biomedical 

applications .

The aim of this study was to demonstrate how new CAD/CAM technologies allow the 

fabrication of anatomically-shaped, custom-made porous HA scaffolds, which can be 

predictably used for alveolar ridge augmentation.

������������	� �����	�

�� !"# �$"%"& !'#

Patients were recruited and treated in two different clinical centers, in the Department of 

Oral Surgery of the University of Varese, Italy, and in the Department of Oral and 

Maxillofacial Surgery of the University of Guarulhos, Sao Paulo, Brazil. Between January 

2007 and January 2010, any patient with partial edentulism in the anterior/posterior 

maxilla, having a residual bone height between 5 and 7mm and a thickness of at least 

5mm measured on computed tomography (CT) scans, requiring vertical and horizontal 

bone augmentation to allow placement of dental implants, was eligible for inclusion in this 

trial. Exclusion criteria consisted of: (1) irradiation, chemotherapy or immunosuppressive 

therapy over the past 5 years, (2) HIV and hepatitis B or C, (3) treatment with intravenous 

amino-bisphosphonates, (4) uncontrolled diabetes, (5) poor oral hygiene and motivation, 

(6) active periodontal infections, (7) heavy smoking habit (more than 15 cigarettes/day).
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on which the graft material can be manually shaped pre-operatively 24,26 Although this 

method is currently used and reduces operative time at surgery, the shaping precision is 

limited because bone deformities are printed together with healthy bone, so that it is 

difficult to recompose the original anatomy. The manually bent material can cause 

positioning bias, because only low precision may be gained if no system exists to transfer 

the virtual planning into the surgical environment, and the procedure is time-consuming 

24,26 Owing to recent improvements in computer technology combined with advanced 3D 

cutting machinery, however, it is now possible to directly cut a block of bone substitute into 

the most appropriate shape that has been pre-operatively designed using 3D computed
O H

simulation . This technique, along with the use of recently developed bone substitutes, 

such as porous hydroxyapatite, which has excellent osteoconductivity and mechanical 

properties suitable for machine-cutting, make it possible to pre-operatively cut the bone
O H

graft into a highly accurate anatomically-shaped, custom-made scaffold . In the present 

study, a new protocol for computer-assisted surgery is introduced. This protocol can be 

divided into four phases: (1) the data acquisition phase, which includes CT scan of the 

patient; (2) the planning phase, which includes the importing of CT data into a software 

program for virtual planning and design of the anatomically-shaped, custom-made 

scaffold; (3) the manufacture of the custom-made scaffold, using CAD/CAM technology 

and proprietary CNC milling machine; (4) and the surgical phase, which includes utilizing 

CAD/CAM-derived scaffold for alveolar ridge augmentation of the maxilla. In this 1-year 

prospective study, the custom-made scaffolds were of satisfactory size, shape, and 

appearance, matched the defect area, suited the surgeon’s requirements and were easily 

implanted during surgery. This helped to reduce the time for the surgery, and contributed 

to the good healing of the defects. In two patients, the custom-made scaffolds broke at the 

placement of titanium mini-screws for rigid fixation, however, these were considered minor 

complications as the broken scaffolds were easily placed and secured in position again. A 

good fit was obtained and no other complications were registered. After 8 months, well- 

formed bone was clinically available to allow a correct implant placement. The protocol 

presented in this paper offers several benefits. The virtual environment permits ideal 

preoperative planning. Intraoperative time is not consumed by approximately and 

repeatedly modelling the scaffold to the native maxilla (as in conventional procedures). In 

fact, the utilized CNC milling process was highly accurate in ten patients, without the need 

for intraoperative correction. The approach offered precise, anatomically fitting scaffolds, 

with the benefit of increased stability and reduced operative time. Another benefit of this
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Fig. 1. 3D reconstruction of the maxilla. The alveolar ridge defect has been virtually 

reconstructed, drawing an anatomically-shaped custom-made scaffold 

Fig. 2. Clinical view of the U-shaped defect.

Fig. 3. Clinical measurement of the U-shaped defect with a periodontal probe.

Fig. 4. HA scaffold placed in position and fitted securely to the maxilla.

Fig. 5. 8-month clinical control. Newly formed and well-integrated bone was observed 

filling the entire defect.

Fig. 6. Representative examples of the histological sections:

(a) Newly formed trabecular bone and biomaterial, in the central portion of the specimen 

(12X, acid fuchsin and toluidine blue);

(b) The biomaterial is surrounded by newly formed bone, with wide osteocyte lacunae in 

the vicinity of and at close contact with the graft material, and osteoid matrix undergoing 

mineralization. New bone formation is observed inside the biomaterial too (200X, acid 

fuchsin and toluidine blue);

(c) Osteoid matrix undergoing mineralization inside the biomaterial (200X, acid fuchsin and 

toluidine blue).

Fig. 7. Radiographic control.

Fig. 8. Clinical control.
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Figure 2
Click here to download high resolution image
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