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ABSTRACT 
 
INTRODUCTION: Computer-aided implant planning and guided surgery provide high accuracy to dental implant placement and facilitate 
more predictable prosthetic outcomes than non-guided implant surgery. 
OBJECTIVES: To compare the accuracy of implant placement using 3D printed and machine milled surgical guides. 
MATERIALS AND METHODS: Twelve polyurethane foam resin mandibular models were used in this study. Implant position was virtually 
planned using 3D planning software based on the preoperative CBCT of each model. Surgical guides were designed on the software and 
exported in STL format. Models were randomly divided into 2 groups (n=6 each). Group I: Surgical guides were manufactured using 3D 
printing. Group II: Surgical guides were manufactured using machine milling. Three implants were placed in each model using CAD/CAM 
surgical guides. The 3D position of the planned and placed implants, in terms of the linear deviations of the implant head and apex and the 
angular deviations of the implant axis, was compared by superimposing the pre- and postoperative CBCT using dedicated software. The Mann-
Whitney U test was used for comparison (P <0.05). 
RESULTS: The mean coronal, apical and angular deviation for Group I were 0.72 ± 0.21 mm,  1.1 ± 0.42 mm and 2.5° ± 1.2° respectively, 
while for Group II they were 0.85 ± 0.3 mm,  1.3 ± 0.37 mm and 3.09° ± 0.89° degrees respectively. No significant differences were found 
between both groups for any of the measurements. 
CONCLUSIONS: 3D printing gave better results over machine milling; however, both types can be used in manufacturing surgical guides as 
difference in accuracy is not statistically significant. The accuracy of implants in both groups was within the safety margin of previous studies. 
KEYWORDS: CAD/CAM, surgical guides, 3D printing, computer guided surgery, CBCT, virtual planning 
---------------------------------------------------------------- 
 

1- Bachelor of Dentistry, Faculty of Dentistry, Alexandria University, Egypt 
2- Professor of Removable Prosthodontics, Faculty of Dentistry, Alexandria University, Egypt 
3- Professor of Dental Biomaterials, Faculty of Dentistry, Alexandria University, Egypt 

 
   Corresponding author:  
E-mail: airtifa@hotmail.com 
 

 
INTRODUCTION 
Dental implants have become a treatment option widely 
used for the replacement of lost teeth. The development of 
dental implants has had a major impact on the patients and 
the implant supported oral restoration has become an 
increasingly used treatment option for partially edentulous 
and completely edentulous patients (1). 
     Success in implant dentistry can no longer be limited to 
osseointegration and maintenance of alveolar bone. 
Osseointegration has shown success and high predictability 
in the literature repeatedly (2–4). Another criterion is 
implant placement that allow for fabrication of a crown or 
prosthesis with an esthetic appearance (5). Proper 
placement is among the critical factors in implant dentistry 
(6,7).  
     Placement of implants has been planned and facilitated 
by means of simple periapical and panoramic radiographs 
for years (8). However, surgical templates have attracted a 
great deal of interest as a means to achieve more precise 
placement of implants at the surgical site because both the 
restorative plan (i.e., the biomechanical and esthetic 
requirements) and the internal anatomy (i.e., bone volume 
and position of vital structures) need to be taken into 
account (9,10). 
      Surgical guide templates not only assist in diagnosis and 
treatment planning but also facilitate proper positioning and 
angulation of the implants in the bone (11). Moreover, 

restoration driven implant placement accomplished with a 
surgical guide template can decrease clinical and laboratory 
complications (12). Hence, increasing demand for dental 
implants has resulted in the development of newer and 
advanced techniques for the fabrication of these templates 
(13). 
     Traditionally, two-dimensional imaging and a guide 
made on the dental cast, also known as a conventional 
surgical guide, were used to assist in proper surgical 
placement and angulation. More recently, cone beam 
computerized tomography (CBCT) has gained popularity 
and is routinely used in the planning process (14). 
     Conventional surgical guides are made in the dental 
laboratory on casts generated from impressions and have 
been used routinely for the placement of dental implants. 
However, during implant placement, conventional surgical 
guides allow for potential clinician-mediated positioning 
errors due to inadvertent angular and linear deviations 
during osteotomy or drilling sequences, reducing the degree 
of accuracy (15). 
     Computer-aided design/computer-aided manufacturing 
(CAD/CAM) allows the production of surgical guides that 
are virtually planned and designed using data accrued from 
3D imaging utilizing computer software and digital 
workflow for planning and manufacturing. They have 
metallic sleeves that direct and allow precise implant 
placement in the x, y and z axes. CBCT scanning and digital 
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imaging techniques, which allow visualization of the 
placement of dental implants in three dimensions, have 
gained popularity in their applications given their ability to 
achieve predictable and accurate results (16). 
      Use of such a system usually removes complications 
including mandibular nerve damage, sinus perforations, 
fenestrations or dehiscences. The dentist can now simulate 
ideal implant placement and treatment planning that 
includes the precise dimensions of the implant, the ideal 
depth, and angulation made on the CBCT scans. In addition, 
this improved precision and accuracy reduces the need for 
flap reflection (17). 
     CAD/CAM uses different approaches for 
manufacturing, subtractive manufacturing is usually 
accomplished by the Computer Numerical Controlled 
(CNC) machining, creating objects by progressive removal 
or deformation of material (drilling, cutting, bending) from 
a large block or sheet in the form of chips (18). While 
additive manufacturing or 3D printing is a manufacturing 
method in which objects are made by fusing or depositing 
materials - such as plastic, metal, ceramics, powders, 
liquids, or even living cells - in layers to produce a 3D object 
(19). 
      Template-guided implant surgery requires preoperative 
steps, starting with fabrication of a radiographic template, 
CBCT acquisition with the template in position, computer 
assisted implant planning and ending in fabrication and use 
of a surgical guide for drilling and implant insertion. With 
such a complex sequence, where every step is prone to 
errors, accuracy is of utmost importance (20). 
     The purpose of this study was to compare the accuracy 
of implant placement using 3D printed surgical guides and 
machine milled surgical guides. The null hypotheses was 
that there is no difference in angular deviation, deviation at 
the head, or deviation at the apex of implants placed using 
3D printed and milled surgical guides. 
 
MATERIALS AND METHODS 
Twelve identical mandibular Kennedy Class I partially 
edentulous polyurethane foam resin models (Hann Ru Co. 
Ltd., Taiwan) were selected for the study (Figure 1). 
 

 
Figure 1: Polyurethane Foam resin model 
 
      Preoperative low-dose, high-resolution Cone Beam 
Computer Tomography (CBCT) scans of the models were 
performed at a proper field of view. The scan setting used 

was 8 mA and 90 KV with 0.1 mm in voxel size (Scanora® 
3Dx, Soredex, Helsinki, Finland). 
     The DICOM (Digital Imaging and Communications in 
Medicine) file obtained from the CBCT was imported to the 
virtual planning software (OnDemand3D, Cybermed Inc., 
Seoul, Korea). Virtual placement of three implants at the 
right first and second premolars and first molar was done so 
that the distance between each two implants is 3 mm while 
the distance between tooth and implant is 1.5 mm. The 
placement was then evaluated in the sagittal plane, 
horizontal plane, and the three dimensional rendering 
(Figure 2). 
 

 
Figure 2: Virtual implant placement 
 
     The outline of the surgical guide was then drawn on the 
model and converted into 3D guide. Then finally the 
designed guide was saved in STL format. 
     The models were randomly divided into two main 
groups with six models each according to the type of 
surgical guide manufacturing. Group I: Surgical guides 
were manufactured using 3D printing (additive 
manufacturing). Group II: Surgical guides were 
manufactured using machine milling (subtractive 
manufacturing). 
       In Group I: The STL file of the surgical guide for each 
model was fabricated from a special clear resin material (E-
guide 600, Envisiontec GmbH, Gladbeck, Germany) by 3D 
printer (Envisiontec DDDP, Envisiontec GmbH, Gladbeck, 
Germany) using Digital Light Processing (DLP) 
technology. 
      In Group II: The STL file of the surgical guide for each 
model was milled from a clear Polymethylmethacrylate 
(PMMA) disc (Copratemp, Whitepeaks Dental Solutions 
GmbH & Co. KG, Germany) using a 5-axis milling machine 
(Shera Eco-Mill 5X; Shera Werkstoff Technologie, 
Germany). 
      Three titanium sleeves where attached to each surgical 
guide using cyanoacrylate corresponding to each implant 
position to control the direction and depth of drilling. 
In2Guide Universal kit (Cybermed Inc., Seoul, Korea) was 
used which is a 44-piece surgery kit, specifically designed 
for In2Guide surgical templates to perform full sequence 
drilling. Surgical guide was placed onto the model and 
checked for stability and fit (Figure 3).  
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Figure 3: Surgical Guide adapted to the model 
 
      A pilot key with a diameter of 2 mm was placed within 
the sleeve hole of the surgical guide to match the diameter 
of the pilot drill and pilot hole was drilled into the model 
using surgical torque control motor (W&H® Implantmed; 
W&H Dentalwerk Bürmoos GmbH, Bürmoos, Austria) at 
1200 rpm. 
     Then sequential drilling was done using specific keys 
corresponding to the drills size (2.5; 3.3; to reach a diameter 
of 3.5 for implant installation). Three dummy dental 
implants (OXY, Biomec SRL, Colico, Italy) with diameter 
4 mm and length 11.5 mm were placed in each model using 
manual torque wrench at 40 Ncm. 
     Postoperative Cone Beam Computer Tomography 
(CBCT) scans of the models were performed with the same 
apparatus and settings as the preoperative scans. 
      The preoperative (implant planning) and postoperative 
(achieved implant position) scans were then overlapped 
using a dedicated algorithm, which allowed the comparison 
of the virtually planned and the actual implant positions. 
Three deviation parameters between each planned and 
placed implant were measured. All measurements were 
performed using dedicated software (OnDemand3D, 
Cybermed Inc., Seoul, Korea) (Figure 4). 
 

 
Figure 4: Superimposition of pre- and postoperative scans and 
evaluation of accuracy 
 
     For analysing the accuracy, the planned position of the 
implant was compared with the actual position of the 
implant after insertion. Several measuring points were used 
for the comparison of these positions: 

1. Coronal deviation (mm), frequently defined as the 
horizontal or vertical (depth) distances between the 
midaxial coronal point of the planned implant and that 
of the placed implant position. 

2. Apical deviation (mm), frequently defined as the 
horizontal or vertical distances between the midaxial 
apical point of the planned implant and that of the placed 
implant position. 

3. Angular deviation (°), frequently defined as the angular 
difference of the axial projections of both virtual and 
final implant placements. 

      Though several methods were used to describe the 
distance between the given points, the most common method 
was to measure the actual distance between the planned and 
actual point in the x, y, and z-axis, where x = bucco-lingual, 
y = mesio-distal, and z = apico-coronal deviation. The 3D 
deviation was calculated by the software using Pythagorean 
Theorem (21): (Figure 5) 
 

 
Figure 5: Different variables for describing the deviations 
 
3D dev. = √(x^2+y^2+z^2 ) 
Statistical analysis: 
Data were analyzed statistically using a computerized 
statistical software program (IBM SPSS software package 
version 23.0 (SPSS Inc., Chicago, IL, USA)). The 
Kolmogorov-Smirnov test showed that the data were 
distributed non-parametrically. Therefore, a Mann-Whitney 
U test was used for comparisons between planned and 
placed implants in terms of angular deviation and the 
position of the implant at the neck and apex. Differences 
were considered statistically significant if p was less than 
.05. Box Plots were used for graphical presentation.  
 
RESULTS 
In this study, 36 implants were placed in twelve 
polyurethane foam models (three implants in each model). 
Of these, 18 were placed using 3D printed surgical guides 
and 18 were placed using milled surgical guides. 
      The angular deviations of the placed implants in group 
I and II were 2.5° ± 1.2° and 3.09° ± 0.89° respectively. The 
mean coronal and apical deviations in distance between the 
planned and placed implants were 0.72 ± 0.21 mm and 1.1 
± 0.42 mm for Group I; 0.85 ± 0.3 mm and 1.3 ± 0.37 mm 
for Group II respectively. Mean apical, coronal and angular 
deviations in Group I were smaller than that of Group II, 
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although it did not reach a significant level (p > 0.05). 
(Table 1 and Figure 6) 
 
     For all 36 implants, the mean angular deviation of the 
long axis between the planned and placed implants was 
2.79° ± 1.08°; the mean coronal and apical deviations in 
distance between the planned and placed implants were 0.79 
± 0.26 mm and 1.2 ± 0.4 mm respectively.    
 
Table (1): Summarized results of measured linear and angle 
deviations as well as significance calculation: 

 Group I 
(n = 18) 

Group II 
(n = 18) U p 

Angular deviation 
(°) 

Min. – Max. 
Mean ± SD 

Median 

 
0.5 - 
4.40 

2.5 ± 1.2 
2.2 

 
1.7 – 4.7 
3.09 ± 
0.89 
2.99 

107.0 ns0.082 

Coronal deviation 
(mm) 

Min. – Max. 
Mean ± SD 

Median 

 
0.44 - 
1.18 

0.72 ± 
0.21 
0.68 

 
0.43 – 
1.35 

0.85 ± 
0.3 

0.79 

 
124.0 

 
ns0.229 

Apical deviation 
(mm) 

Min. – Max. 
Mean ± SD 

Median 

 
0.47 – 
2.06 
1.1 ± 
0.42 
1.03 

 
0.91 – 
2.15 
1.3 ± 
0.37 
1.15 

122.0 ns0.206 

U, p: U and p values for Mann Whitney test for comparing between 
both groups 
ns Not significant as P > 0.05 
 
 

 
Figure 6: Box plots showing median quartile and extreme values 
(depicted as dot outliers) for angular deviations of implants placed 
using 3D printing and machine milling 
 
DISCUSSION 
Computed tomography is a helpful tool for implant patients, 
especially for situations with anatomical limitations, 
insufficient bone dimensions, and poor bone density (22).     
The use of CT imaging enhances the correlation between 
implant planning and actual implant placement compared 
with conventional radiographic methods (14). The 
introduction of computer-aided manufacturing (CAM) of 
anatomic models and surgical guides generated from 
computer-aided design (CAD) images has accurately 
allowed the transfer of planning information to implant 
placement. For implant planning and placement, the 
association of CAD and CAM techniques furnishes some 
advantages, regarding 3D determination of the patient’s jaw 
anatomy and fabrication of both anatomical models and 
surgical guides (23). 

     The template-guided surgery concept involves many 
processes that result in deviations between the planned and 
the clinically placed implant positions. The overall accuracy 
of the implant placement is the sum of all errors that arise 
during the whole treatment procedure. Although it is 
difficult to detect deviations that possibly occur in each step, 
it is essential for clinicians to learn to what extent the 
deviations occur between the virtually planned implant 
positions and positions of clinically placed implants, in 
order to avoid anatomical risks as well as for the final 
prosthetic reconstruction. The accuracy is also a great 
matter of concern, especially in the case of immediate 
delivery of a prefabricated prosthesis (24,25). 
      The present study was conducted to evaluate the 
accuracy of implant placement by using CAD/CAM 
surgical guides fabricated by 3D printing and Machine 
milling techniques. 
      Tooth supported surgical guide was selected for the 
study as the accuracy of implant placement with the use of 
tooth-supported surgical guides is reportedly superior to 
that with the use of bone- and mucosa-supported guides 
(17,26,27). 
     Polyurethane foam resin models were selected for its 
structure and its close resemblance to natural bone that 
duplicates type II～III hardness to simulate drilling in 
natural bone before implant placement. It had elastic 
characteristics as well as physical and mechanical 
characteristics similar to those found in human bone 
(28,29). 
      In2Guide™ software was the software of choice. It 
provided the facility of construction of 3D images, accurate 
and easier superimposition than other softwares and easy 
angular measurements. Surgical guide was completely 
designed by In2Guide™ and exported directly as STL file 
for prototyping (30). 
      Digital Light Processing (DLP) technology used for 3D 
printing in this study has advantages over stereolithography 
(SLA) which is the most common technology used in dental 
field, DLP achieves quicker print times for most parts. The 
reason it is faster is that it exposes entire layers at once. With 
SLA printing, a laser has to draw out each of these layers, 
and this takes time. Also it gives good accuracy, smoother 
surfaces and more economical (31).  
     In our present study – for both groups - the mean coronal, 
apical and angular deviations were 0.79 mm, 1.2 mm and 
2.79° respectively. Van Assche et al (32) conducted a 
systematic review to assess the accuracy of static surgical 
guides, it showed that the mean error was 0.99 mm at the 
coronal center, 1.24 mm at the apical center, and the axis 
deviation was 3.81°.  Turbush et al (27) also conducted an 
invitro study comparing the accuracy of various surgical 
guides. In that study, the mean error was 1 mm at the 
coronal center and 1.15 mm at the apical center and the axis 
deviation was 2.26°. Thus, the results of the deviation 
measurements in this study are consistent with the findings 
of previous studies. 
      On the contrary, few studies showed higher deviations 
as Giacomo et al (33) which showed mean coronal, apical 
and angular deviation of 1.45 mm, 2.99 mm and 7.25° 
respectively. The authors attributed these deviations to 
micro-movements of the surgical guide caused by 
neglecting using screws to stabilize the surgical guide in 
cases of bone-supported guide. Also, Vieira et al (34) 
compared the accuracy between maxilla and mandible and 
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found higher deviations in the maxilla due to due to the 
lower bone density of the maxilla, which is more susceptible 
to transfer inaccuracies than the compact mandibular bone. 
     Inaccuracies of 3D printing compared to milling is 
attributed the need for supporting structure and post curing 
cycle. While for the milling protocol of PMMA was very 
sensitive due to the excessive hardness of the material that 
in reverse increased the pressure of cutting that might lead 
to thermal stresses and distortion of the material. Also 
cutting conditions might cause excessive vibration that 
could exert more thermal and mechanical stresses on the 
work piece especially in areas with thin thickness during the 
procedure (35). 
     It is worth noting that the length, angle, and proper 
position of an implant play critical roles in the placement 
procedure. The results of the present study found that the 
apical deviation between the planned and actual implant 
position was 1.1 mm and 1.3 mm for group I and II 
respectively, appreciably less than the well-known standard 
“safety zone” of 2 mm away from vital structures (36,37). 
     Furthermore, according to the data indicated in Table 1, 
the accuracy of angle and position was reasonably 
appropriate. The clinical importance of these results may be 
relevant in such situations when multiple parallel but distant 
implants are placed, and where the degree of accuracy is 
critical for prosthetic restoration. Replacement of 
removable wearing parts could be reduced by the use of 
more accurate surgical implant placement. Unfortunately, 
there is no available data in the literature on the accuracy of 
the milled surgical guides. 
     The results of this study confirm the null hypothesis that 
there is no difference in the accuracy of implant angulations, 
implant head and implant apex when using a 3D printed 
surgical guide compared with a milled surgical guide. 
 
CONCLUSION 
Within the limitations of this invitro study, the following 
conclusions can be drawn: 
1- 3D printing (additive manufacturing) gave better results 

over machine milling (subtractive manufacturing); 
however, both types can be used in manufacturing 
surgical guides as difference in accuracy is not 
statistically significant. 

2- The accuracy of implant placement in both groups was 
within the safety margin of previous studies.  

3- The total accuracy represents the sum of all cumulative 
errors throughout the computer-aided implant 
placement cascade and errors can arise at different 
stages, the clinician should check for perfect adaptation 
of surgical guide before beginning of treatment, as well 
as during surgery. 
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