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INTRODUCTION 

Alveolar ridge resorption is frequently observed 
after tooth extraction with substantial reduction 
of the original alveolar bone height and width 1.  
Alveolar ridge atrophy may cause prosthetic prob-
lems for the fabrication of conventional or implant-

supported prosthesis and surgical problems pre-
senting a difficult clinical situation for placing and 
positioning of endosseous implants.

Rehabilitation of the partially edentulous poste-
rior mandible with removable dentures can be un-
satisfactory for patients and may accelerate bone 
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ABSTRACT

Background: The study was conducted to evaluate the accuracy of a novel design computer-
generated surgical guide template (SGT) using rapid prototyping to guide the osteotomy cuts in 
sandwich osteotomy technique according to the pre-planned position to prevent injury to the infe-
rior alveolar nerve.

Methods: Eight partially edentulous patients showing atrophy in the posterior mandibular ridge 
were included. A SGT was designed according to each case using a 3D modeling software to guide 
the bony osteotomy cuts during the surgical procedure. Preoperative, immediate post-operative and 
after 4 months CBCT was done for all patients. Dental implants were installed at the grafted sites 
after 4 months.

Results: Linear measurements were taken from the pre and post-operative CBCT. No statisti-
cally significant difference was found between the pre and post-operative measurements (P ≤ 0.05). 

Conclusion: The computer generated SGT provided enhanced visualization, better treatment 
planning, predictable results and a less technique sensitive procedure. 
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turn over in the mandible 2, 3. An implant-supported 
prosthesis could be the ideal option. There are many 
techniques used in attempt to overcome decreased 
alveolar ridge height and the danger of injuring the 
inferior alveolar nerve. They include, onlay bone 
grafts 4, interposition bone gafts 5, nerve reposition-
ing 6, distraction osteogenesis 7, short implants 8 and 
the use of metallic mesh to form and retain a par-
ticulate graft for vertical ridge augmentation 9.

Interpositional bone grafts “sandwich-tech-
nique” has been used for many years. Several stud-
ies showed successful outcomes in vertical height 
increase ranging from 4-8 mm and minimal graft 
resorpion after 1 year follow up 5, 10. Other studies 
found a median vertical gain of about 6-7 mm us-
ing the sandwich osteotomy technique 11. Howev-
er, there are some limitations including limitation 
of augmentation height because of the soft tissue 
stretching and the precision required to save the 
mandibular nerve in the horizontal osteotomy 12, 13.

Surgical techniques have been greatly enhanced 
by the use of computer-aided design/computer-aid-
ed manufacturing (CAD/CAM) technology proving 
to be efficient and highly accurate 14, 15. The com-
puter generated surgical guide templates (SGT) 
have been used in many applications in the field 
of oral and maxillofacial surgery like orthognathic  
surgery 16, 17, jaw reconstruction 18, TMJ reconstruc-
tion and implant surgery 19. The percision of the 
rapid prototyped surgical guide templates in accu-
rate fitting have been evaluated and proven to be 
dependable and reliable in achieving the predicted 
treatment plan 20

Schneider et al 2009 reviewed the accuracy of 
computer-guided templates and found that the sur-
vival rate of implants placed with computer-guided 
templates is comparable to conventionally placed 
implants ranging from 91% to 100% after follow 
up of 12–60 months 21. They allow the clinician to 
safely position the fixtures according to bone vol-
ume anatomical structures providing excellent tools 

for pre-operative implant planning, thus increasing 
the predictability of esthetic  and functional treat-
ment outcomes 22-24.

Computer generated Surgical Guide Templates 
(SGT) are the product of Rapid Prototyping concept 
which is defined as a digital tool that grows parts 
on layer by layer basis without machining, molding 
or casting using additive process technique. There 
are numerous surgical applications for Rapid Proto-
typing as: Pre-operative visualization and planning, 
Pre-forming of fixation components, Manufacture 
of surgical guides and templates, Simulation of sur-
gical procedure, Evaluation of prosthesis fit, Dem-
onstration to patient and Intra-operative guidance 
Surgeon training25, 26.

The current study was conducted to evaluate the 
accuracy of a novel design computer-assisted SGT 
using rapid prototyping techniques to guide the os-
teotomy cuts in the sandwich osteotomy technique 
according to the pre-planned position to aid in pre-
venting injury to the inferior alveolar nerve.

Materials and Methods

A total of eight consecutive patients (6 women 
and 2 men) with mean age of 44.75 years were 
selected from the Oral and Maxillofacial Surgery 
Department, Faculty of Oral and Dental Medicine, 
Cairo University. 

The study protocol was approved by the Re-
search Ethics Committee in Cairo University, Cai-
ro, Egypt prior to data collection and all participants 
signed an informed consent agreement. No funding 
or reimbursement was provided to the research or 
participants.

The following selection criteria were fulfilled: 
partially edentulous patients with atrophic 
mandibles in the posterior region, behind the canine 
region. The starting alveolar bone height above the 
mandibular canal ranged between 5 and 7 mm and 
a transverse width of minimum 4 mm as measured 
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by Cone-Beam Computed Tomography (CBCT) 
(I-CAT® Precise™, manufacturer, I-CAT® 
technology located in Hatfield, PA). Patients did not 
have medical or psychological problems that could 
impede graft or implant success.

Preoperative surgical planning

Pre-operative CBCT (P0) was performed for each 
patient, then the DICOM files were imported into a 
3D modeling software (mimics 15.0, Materialise) 
where a Virtual surgical guide template (VSGT) 
was designed according to each case (Figure 1). 

The inferior margin of the template was located at 
least 2 mm below the ridge bone and approximately 
1.5–2 mm above the mandibular canal. The inferior 
margin was designed to have sufficient thickness for 
the resting of piezo-surgery inserts and chisels. The 
vertical mesial margin was made 2 mm distal to the 
last tooth and the vertical distal margin was made 
based on the implant-graft treatment planning.  
The graft thickness was not less than 2 mm thick. 

The VSGT was then exported as STL files to 3D 
printing machine (InVision Si2, 3D Systems, Rock 
Hill, SC) using rapid prototyping techniques to fab-
ricate the Final SGT (Figure 2).

Surgical technique

The surgical procedure was performed under 
general anesthesia; patients were scrubbed and draped 
according to the standard fashion. Local anesthesia 

Fig. (2) Final SGT printed using rapid prototyping techniques.

Fig. (1) Showing Virtual SGT design in the coronal, sagittal, axial and 3D views of a 3D modeling software designed individually 
according to each case.
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was induced using articain 4% and adrenaline 
1:100,000. A 10–12 mm incision from the crest of 
the ridge in the buccal gingiva of the edentulous 
area was done, and then a mucoperiosteal flap was 
raised without detaching the lingual mucoperiosteum 
to expose the buccal cortical bone of the posterior 
atrophic mandible and the mental nerve.

The SGT was placed on the alveolar bone to fit 
in the pre-planned position (Figure 3A). Two verti-
cal and one horizontal osteotomies were performed 
with a piezoelectric surgical device (Piezosurgery, 
VarioSurg, NSK) along the margins of the template 
(Figure 3B).  A chisel resting on the templates’ in-
ferior margin was used to complete the lingual os-
teotomy. The coronal bone fragment was carefully 
elevated and stabilized by micro plate (Figure 3D). 
Bone substitute (TUTOBONE, Tutogen medical 
GmbH Industriestraße a. Br. Germany) was placed 

between the segments. After 4 months postopera-
tively, the micro plate was removed and dental im-
plants were installed at the grafted site. Immediate 
post-operative CBCT (P1) and after 4 months (P2) 
(at the time of surgical reentry just before micro-
plate removal and implant insertion) were taken and 
compared to the preoperative CBCT (P0). 

Linear measurements were taken from P0 and 
P1 to verify of the accuracy of the SGT. Paired-t 
test was used to compare the position of the pre-
planned and the actual osteotomy cuts. Differences 
were considered statistically significant when p < 
0.05. Microstat7 for Windows statistical package 
(Microstat Co.) was used in statistical analysis for 
this study. Vertical bone gain was assessed by com-
paring P0 and P1. Vertical bone resorption of the 
augmented ridge was assessed by comparing P1 and 
P2 (Table 1).

Fig. (3): (A) Fitting of the SGT on the alveolar bone according to the pre-planned position. The blue line shows sufficient thickness 
at the inferior margins to guide the piezosurgery inserts and chisels in the lingual direction. (B) Osteotomy cuts performed 
along the margins of the SGT using peizo-surgery. (C) The completed osteotomy cuts, the horizontal osteotomy is accurately 
placed safely above the inferior alveolar nerve. (D) Fixation of the osteotomized segment with a micro-plate. 
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Results

The eight patients showed uneventful healing 
with no signs of dehiscence during the postoperative 
course. No signs of inferior alveolar nerve 
impairment or paraesthesia were reported and the 
grafted sites showed successful healing and bone 
gain after 4 month postoperatively (Figure 5). The 
template showed adequate fitting on the alveolar 
bone in the pre-planned position.

From the preoperative CBCT, linear 
measurements were taken starting from the inferior 

border of the mandible to inferior margin of VSGT 
at both the mesial and distal ends Figure (4A). 
From the postoperative CBCT, measurements were 
taken from the inferior border of the mandible to 
the actual horizontal osteotomy cut (Figure 4B). 
The mean values for the linear measurements of the 
preoperative preplanned and the postoperative actual 
measurements are shown in (Table 2, Fig. 6). There 
was no statistically significant difference (p < 0.05) 
between the preplanned and actual measurements at 
both mesial and distal ends of the SGT. 

Table (1) Showing Patient’s Clinical and Radiographic Data:

Patient 
No.

Sex Age
Treated 

Site
Starting bone height above the 
mandibular canal (P0) (mm)

Vertical bone 
gain (P1) (mm)

Vertical bone re-
sorption (P2) (mm) 

#1 M 42 Right 5.7 5.2 0.6

#2 F 55 Right 4.8 6.2 1.9

#3 F 40 Left 6.6 5.7 0.9

#4 F 60 Right 6.2 6.9 1.2

#5 F 32 Left 7.6 5.9 0.7

#6 M 42 Left 5.6 6.7 1.3

#7 F 50 Left 7.8 4.2 0.2

#8 F 37 Right 7.2 5 1.5

Fig. (4): (A) Linear measurements taken from inferior border of the mandible to the virtual horizontal osteotomy cut. (B) Linear 
measurements taken from inferior border of the mandible to the actual osteotomy cut.
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Table (2) Paired “t” test comparing the pre-planned 
and actual measurements:

Mean + St Deviation
"t" ProbabilityPreplanned Actual

Mesial 0.30 + 19.06 0.56 + 18.90 0.942 NS 0.189

Distal 0.65 + 18.32 1.13 + 18.00 1.141 NS 0.146

The mean value for starting bone height 
above the mandibular canal was 6.4mm (range,  
4.8–7.8mm). The mean initial vertical bone gain 
from P0 to P1 was 5.7 mm (range, 4.2–6.9 mm). 
The mean bone resorption after four months (P2) 
was 1.03mm (range, 0.20–2.9mm). The mean 
final vertical augmentation was 4.6mm (range,  
3.5–5.7mm) (Table 1).

Discussion

Several techniques have been to advocated to 
solve defiecient bone height problems in atrophied 
mandibles to allow for appropriate placement of 
endossueous implants including onlay bone grafts, 
alveolar distraction osteogenesis, titanium meshs 
and transposition of the inferior alveolar nerve.

Numerous studies have shown that sandwich 
osteotomy is a suitable technique for use as an 
augmentation procedure for the atrophic mandibular 
alveolar ridge to provide adequate height and 
transversal bone augmentation which also helps 
in the challenging anatomic region of the atrophic 
posterior ridge12, 27. However, the most serious 
difficulty in using the sandwich technique in the 
posterior mandible is the precision required to save 
the mandibular nerve in the horizontal osteotomy 10. 

Some studies reported neurosensory dysfunction 
after interpositional bone grafting 28. Bormann et 
al reported sensory mental nerve disturbances in 
five out of thirteen patients (44% of patients) with 
recovery after 6 weeks, however they stated that 
the sensory disturbances was due to flap retraction 
27. Other studies found transient paraesthesia in all 
eight patients lasting up to 6 weeks29. Felice et al 
showed  in a randomized controlled clinical trial with 
four months follow up that 16 patients (57%) had 
transient postoperative paraesthesia of the inferior 
alveolar nerve after augmentation procedures using 
sandwich osteotmy 30. The current study showed no 
signs of sensory distrubnaces along the course of 
the inferior alveolar nerve in all patients during the 
four months of follow up period.

Three-dimensional (3D) surgical planning 
and rapid prototyping techniques are becoming 
increasingly popular with their wide applications 
in the field of oral and maxillofacial surgery. The 
diagnostic advances in 3D surgical simulation have 
enhanced the accuracy of preoperative planning and 
the surgeon’s understanding of the maxillofacial 
deformity providing better treatment outcomes 31. 

Fig. (5) Successful bone formation at the sandwich osteotomy 
site.

Fig. (6) Graph showing the mean values of the preplanned and 
actual measurements at the mesial and distal ends of 
the SGT.
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The accuracy of fitting  of computer-genertated 
surgical guide templates on bone and teeth have 
been evaluated in several studies 32-35. Gateno et al 
assessed the precision of stereolithographic splints 
fitiing on dentition by comparing them with the 
conventional acrylic splints. Based on the quantity of 
air space between the teeth and the 2 types of splints 
studied, they have shown that stereolithographic 
surgical splints fit the same as conventional surgical 
splints 20. 

Other studies evaluated the efficiency of 
preoperative virtual treatment planning and 
computer generated  splints in orthognathic surgery 
and concluded that the 3D splints can incorporate 
more accurately the surgical treatment plan, 
especially in complex cases 17, 31, 32. Surgical guiding 
templates have also shown high degrees of accuracy 
in reconstruction cases after tumor resection 
and proved that bone segments of the grafts and 
mandibular remnants could be positioned accurately 
according to the preoperative simulation 35, 36.

The newly designed SGT showed adequte fitting 
on the alveolar bone in the pre-planned position 
and the osteotomy cuts were easily placed at the 
surgical site. The thickness of the inferior margin 
in the SGT guided the direction of the piezo inserts 
and allowed for resting of the chisels to complete 
the osteotomy thus providing a cutting control in the 
lingual direction. The preoperative virtual treatment 
planning of the SGT aided in determining the 
desired length of the bone segment to to be elevated 
accordingly to accommodate for implant placement 
after 4 months.

There was no statistically significant difference 
(p < 0.05) between the virtual and actual positions 
of the osteotomy cuts guided by the SGT which 
correlates with the proper fitting of the template 
during the procedure thus providing an efficient 
and reliable technique to obtain safe and precise 
osteotomies. Increasing the sample size for futher 
verification of the above results is to be considered. 

The application of the novel computer-generated 
SGT showed significant amount of accuracy in 
transferring the preoperative treartment plan and 
provided a less technique sensitive procedure 
helping to eliminate the difficult aspect of using 
the sandwich technique which is the precision 
required to save the mandibular nerve. CAD/CAM 
technology provided enhanced visualization, better 
treatment planning, decreased intra-operative time 
and more predictable results.
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