
ABSTRACT
To achieve desirable functional and esthetic objectives in implant treatment, detailed case study, and planning is 
required. Since the introduction of 3D-printed technology into multiple fields, such as medicine and engineering, 
the use of this technology in dentistry is still to be explored. This study aimed to assess implant placement accuracy 
using two different implant surgical guides: thermoplastic (TP) and 3D-printed. Thirty acrylic resin mandibles missing 
the second premolar were fabricated with stereolithography (SLA) based on data from the CBCT scan. 15 TP and 
15 3D-printed  guides were constructed for the placement of the implants in relation to the mental foramen, and 
virtual implant apex distance from the mental foramen was set as 3.18 mm. 30 dummy 3.5 x 8mm implants were 
installed into the replica jaw models. Post-placement CBCT scans were compared to the virtual implant placement 
in relation to the mental foramen with the actual implant placement. The mean±SD of the implant distance to 
mental foramen for the 3D and  TP guides was 3.12±0.36 mm and 2.52± 0.83 mm (P<0.05); respectively. The 
deviation apex of the implant for the 3D-printed and TP guides was 0.92±0.14 mm and 1.57±0.45 mm (P<0.001); 
respectively. The angular deviation of the 3D-printed and TP guides was 3.33 ±0.86o and 4.03±1.13o, respectively. 
Based on this study, the 3D printed guides were more accurate than the TP guides in terms of implant placement 
accuracy in relation to an important landmark and 3D implant placement.
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INTRODUCTION

Since the beginning of the implantology era, clinicians 
paid a great effort to improve implant performance 
and to minimize adverse effects and procedural errors. 
The accuracy of surgical implant placement and its 
relation and proximity to vital structures has always 

been a concern of the practitioners.methods such as the 
use of a clipper measurement system and cone-beam 
computed tomography (CBCT) in the treatment planning 
of implant treatment have been used, and both showed 
some degree of inconsistency (Chen et al., 2008). The 
traditional method of placing an implant with the help 
of a surgical guide is to construct a radiographic stent, 
then transforming it to a surgical guiding device after 
taking CBCT (misch 2004). However, the use of the 
traditional method has complicated lap procedures, 
limited accuracy, and tricky implant fixture surgical 
placement (nickenig and eitner, 2007). To overcome the 
shortcoming of the traditional method, computer-aided 
design/computer-assisted manufacturing (CAD/CAm) 
technology was introduced in 1971, and it has been used 
more often recently in dentistry (Kim et al., 2018 Abdou  
and  Lau  2020).
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digitally by removing the lower right second premolar 
by using (zarokhan modifier) and converted to STL file 
before printing. The planed model of the mandible jaw 
was then exported for printing and was printed using 
(FOrmALAB2) 3D-printer. registration of the mental 
foramen was done clinically and was marked by a 
Standard composite cube to be accurately located, and 
a CBCT scan was taken for the resin mandibles.

Surgical plan and template fabrication: The modified 
CBCT scanned data was exported to an implant planning 
software (ProDigiDent, ImplaStation for Windows x6464 
Bit Beta Version) for planning a specified implant position 
in relation to the mental foramen. A digital plaster model 
was then imported and superimposed with the CBCT 
data and exported to an STL file for the fabrication of 
the surgical template. All templates were printed using 
(FOrmALAB2) 3D-printer using uV cured acrylic-based 
resin in 16 um layers. A total of 15 3D-printed surgical 
guides and 15 thermoplastic surgical guides had been 
made for the placement of the implants in relation to the 
mental foramen by the same lab technician and virtual 
implant apex distance from the mental foramen was set 
as 3.18 mm. One (ASTrA TeCH) 3.5 x 8 mm implant 
was placed per guide and replica jaw model. Postsurgical 
CBCT scans were done to compare the virtual implant 
placement in relation to the mental foramen with the 
actual implant placement.

In CAD/CAm system, CAD undergoes a process of 
scanning and designing, and CAm systems are divided 
into subtractive manufacturing (Sm) and additive 
manufacturing (Am) (Kim et al., 2018). Solidified blocks 
are milled in subtractive manufacturing, which provides 
high accuracy (Kim et al., 2018). However, the waste 
material cannot be reused; different burs are used for 
different blokes, and due to bur erosion, errors may 
occur, which makes the subtractive manufacturing costs 
high (Kim et al., 2016a, Ortorp et al., 2011 Abdou and  
Lau  2020). 

A potential solution to the problems of subtractive 
manufacturing is the additive manufacturing, which 
involves high-intensity laser as an energy source to 
melt and fuse selective regions of powder, layer-by-
layer free-form to build up a 3-dimensional component 
according to the computer-aided designed structure using 
different materials (Kim et al., 2017b). For the individual 
layers to be generated, the CAD data are uploaded to the 
selective laser melting (SLm) machine for the production 
of components, the micro-stereolithography (µ-SLA) files 
have to be processed by the software, such as magic, 
to provide support to structures for any overhanging 
features (Joo et al., 2016). 3D-printed surgical templates 
are printed with the use of digital light processing 
(DLP) which uses a layered, ultraviolet (uV)-cured resin 
material, and only each uV resin layer is only a few 
microns thick, resulting in a highly precise surgical 
template (Kim et al., 2017a, Lee and Cho, 2003). Another 
great advantage is the commercially available software, 
which allows clinicians to interact with CT scan data. 
The combination of CT-based treatment planning and 
(CAD/CAm) of surgical templates allows clinicians to 
plan treatment in advance (Kim et al., 2016b Abdou 
and  Lau  2020).

This technology is a revolutionary method that is 
expected to open new and better approaches of treatment 
(Schneider et al., 2009). 3D-printing was first used as 
rapid prototyping and rapid tooling technology. Dentistry 
use of single, personalized objects made a strong 
relationship between the two fields. Dental labs already 
started using 3D-printing in accurately manufacturing 
crowns, bridges, plaster/stone models, orthodontic, 
and surgical appliances (Kuhl et al., 2013). 3D-printing 
was also used in manufacturing single titanium dental 
implants with a promising success (Buser et al., 2012 
Abdou  Lau  2020). Therefore, this study conducted to 
assess the accuracy of implant placement using 3D-
printed and thermoplastic surgical guides.

MATERIAL AND METHODS

Data acquisition: This study was conducted to evaluate 
the accuracy of implants placed using two different 
guided implant surgery materials: thermoplastic versus 
3D-printed. Thirty acrylic resin mandibles were fabricated 
with stereolithography (SLA) based on data from the cone 
beam computerized tomography (CBCT) scan, which were 
converted into a Digital Imaging and Communications 
in medicine (DICOm) file. The mandible was modified 

Figure 1: Data acquisition and surgical plan. (A) Mandibular 
digital model. (B). Resin model, (C). digitel resin model, (D) 
planned implant position, (E). surgical template created 
by the software, (F) Surgical template.

Statistical Analysis: regarding the statistical analysis, 
Independent Samples Test and post hoc analysis were 
utilized with a p-value  ≤ 0.05 that considered the cut-off 
point of statistical significance.

RESULTS AND DISCUSSION

All CBCT scans of the surgical template fitted on the 
plaster model were performed by the same operator. 
There were 15 implants planned in the software, and 
no templets were fractured in this study. There were 
significant differences in all outcome variables (i.e., 
implant apex to mental foramen, buccal axial section, 
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and lingual axial section) between the thermoplastic 
and the 3D-printed implant positions. The mean ± 
standard deviations (SD) of the implant relation to mental 
foramen in the 3-D Printed guides were 3.12±0.36 mm, 
respectively. On the other hand, the mean and SD of 
thermoplastic guides were 2.52±0.83 mm. The deviation 

at the apex of the implant of the 3D-printed guides was 
0.92±0.14 mm and 1.57±0.45 mm for the thermoplastic 
guides. For the implant, angular deviation of the 3D-
printed guides was 3.33±0.86o and 4.03±1.20o for the 
thermoplastic guides, respectively.

Al-Hamdan et al.,

 T-Test   Group Statistics
 Method  N Mean SD p-value

mental Foramen Thermoplastic  15 2.52 mm 0.83 .0.019
Distance Guide 3D  Guide 15 3.12 mm 0.36 0.000
Apex Thermoplastic  15 1.57 mm  0.45 
Deviation Guide 3D  Guide 15 0.92 mm 0.14 
Head Thermoplastic  15 4.03o 1.20 0.076
Deviation Guide 3D  Guide 15 3.33o 0.86 

Table 1. Mental Foramen Distance, Apex Deviation Distance. Head Deviation Degree.

Figure 2: Surgical guide comparison. (Length). Implant 
apex to mental foramen (Buccal). Buccal axial section, 
(Lingual), Lingual axial section

The computer-assisted surgical guide combines the 
computer 3D-image, which helps identify the anatomical 
structures of the bone, together with the prosthetic 
information, in order to find the ideal region to place the 
implant and to minimize the damage to vital structures. 
The results of this study showed that; the mean distance 
for the implant placed using the thermoplastic surgical 
guide is 2.5+0.83 mm; in contrast, the 3D-printed guide 
showed a 3.12+ 0.36 mm. This difference was highly 
significant and constant for the 3D-printed guides. This 
indicates that the 3D-printed guides are more accurate 
and safe to be used in areas with vital structures. This is 
in agreement with the findings of a group of researchers 
who suggested that laboratory-fabricated surgical guides 
using CBCT data may be reliable in implant placement 
under prosthodontic considerations in partial edentulism 
(Behneke et al., 2012)

The deviation at the apex of the 3D-printed guides was 
0.92 mm and 1.57 mm for the thermoplastic guides. 
This in consistent with Bell et al. (2018), who found that 
thermoplastic showed a difference between 3D-printed 
guides (0.76 mm) and thermoplastic guides (1.60 mm). 
In addition, Abduo & Lau (2020) reported 0.71 mm apex 
deviation for 3D-printed guides, while pilot-guides had 

1.14 mm.For the angular deviation of the 3D-printed 
guides were 3.33o and 4.03o for the thermoplastic guides, 
respectively. This in agreement with Bell et al. (2018), 
who reported a deviation of 2.36o for 3D-printed guides 
and 3.40o thermoplastic guides. recently Abduo & Lau 
(2020) found that fully guided had 2.42o deviation while 
pilot-guided had 4.65o deviation.

CONCLUSION

Based on this study, the 3D printed guides were more 
accurate than the TP guides in terms of implant placement 
accuracy in relation to an important landmark and 3D 
implant placement.
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