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Purpose: To evaluate whether there are differences in the accuracy of guided implant placement based 

on the surgeon’s experience level. Materials and Methods: Fifteen surgeons, divided into three groups 

based on experience level (group I, expert; group II,  intermediate; group III, novice), placed six implants 

in five identical mandibles (75 mandibles and 450 implants). A planning and stereolithographic guide 

was generated using cone beam computed tomography (CBCT) images and implant planning software 

(Nemoscan, Nemotec) and was used in all cases. After the implants were placed in each mandible, another 

scan was taken, and the three-dimensional (3D) images of each scan were blended with the images in the 

planning guide to evaluate any deviations. Any differences in platform and apex position and the angle 

of the implant were measured. The differences between each surgeon and each group were compared 

using multivariate analysis of variance (MANOVA). Results: There were significant differences in the implant 

angles among the three groups (P = .001). Group III (novices) presented the greatest angle deviation and 

showed more deviations than group I (experts) (P = .024) and group II (intermediate) (P = .001) did. There 

were no significant differences between groups I and II (P = .368). There were no significant differences 

among the groups in terms of platform (P = .135) and apex position (P = .092). Conclusion: Some degree 

of deviation can occur between the planned placement of the implant and its definitive placement, and this 

deviation may be influenced by the surgeon’s experience. Expert surgeons show less angle deviation than 

novice surgeons. Although these differences (less than 0.5 degrees) are statistically significant, they may be 

considered clinically irrelevant. Int J Oral MaxIllOfac IMplants 2017;32:515–524. doi: 10.11607/jomi.5024
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Guided surgery is a recent innovation in oral implan-
tology that differs substantially from traditional 

implant placement. As a result of computed tomog-
raphy (CT), three-dimensional (3D) implant planning 
software, and computer-aided design/computer-as-
sisted manufacturing (CAD/CAM) technology, digital 

CT images can be converted into a virtual 3D model 
of the treated area, which the surgeon can use for pre-
operative planning, choosing the most appropriate 
position for the implants and avoiding any damage to 
high-risk anatomical structures. It is important to place 
the implants as accurately as possible for esthetic and 
functional reasons and to avoid surgical complications 
such as nerve damage, bleeding, or perforation of the 
sinus cavity, nasal floor, or cortical bone. The more ac-
curate the guide system, the better the final results, 
and within this process, the surgeon’s ability, skill, and 
experience all play important roles.1

The planning scheme can be transferred to the 
actual surgical field in a precise manner with either 
a stereolithographic guide (which directs the drilling 
sequence and the implant insertion) or with dynamic 
navigation systems.2–6

Guided implantology requires that the surgeon 
follow a very precise work sequence, and the accu-
mulation of small errors in each step of the process 
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can contribute to the final deviation of the implant 
from the planned position. This loss of precision is 
cumulative and corresponds to the sum of the fol-
lowing individual errors: (1) errors when obtaining 
images and processing data; (2) errors in produc-
ing the guide; (3) errors during the placement of 
the guide and the movement of the guide during 
drilling; (4) the type of support used for the guide 
(mucous with or without fixation screws, osseous, 
dental); (5) the nature of the bone; (6) mechanical 
errors caused by the gap between the drill and the 
guide cylinder; and (7) other surgical performance 
and human errors, such as the use of an incorrect or 
inappropriate drill or implant holder.7

The first reference to the accuracy of the stereo-
lithographic guides was published by Sarment et al in 
2003.8 To date, numerous studies have been published 
on the accuracy of guided implantology, including 
many studies of each step of the process.8,9

Two of the factors with the most decisive influence 
on the manufacturing of planning models are the 
quality and ulterior data use of the images, since im-
ages are the fundamental step in this process. Some 
authors have analyzed and compared the advantages 
and limitations of the different imaging systems used 
for computerized guided implant planning.10–12

There have been many studies on the accuracy of 
different guides, including guides with metal tubes 
that only allow the use of an initial pilot drill, guides 
with open channels that allow the use of all drill siz-
es and give surgeons greater freedom, and guides 
that are computer designed and fabricated to direct 
all steps of the drilling sequence and can also direct 
implant placement. However, it is difficult to com-
pare the results of the various studies when different 
guides have been used.

Some studies (eg, in vivo studies) compare the sur-
geon’s accuracy and make deductions based on an 
analysis of the differences between preplanning and 
the final results, but few studies have examined these 
differences by minimizing other factors or grouping 
them in a way that equalizes their influence.1,9,13,14

Currently, implantology has expanded to the 
point that it is performed by general dentists as well 
as expert periodontists and oral and maxillofacial 
surgeons. However, not all professionals have the 
same ability and skill level. This is where guide sys-
tems become useful; they help increase accuracy 
and could reduce the risk of surgical, prosthodontic, 
and esthetic complications.

The aim of this study was to analyze whether the 
surgeon’s experience level is a determining factor 
in the final result of guided surgery and whether a 
guiding system is safe regardless of the surgeon’s 
skill level.

The null hypothesis was that there are no differenc-
es in the accuracy of guided implant placement among 
surgeons with different levels of experience.

MATERIALS AND METHODS

Study Participants  
Fifteen clinicians with different levels of experience in oral 
implantology participated in the study; five were expe-
rienced in guided-implant surgery (group I: expert level, 
with more than 500 implants clinically placed, more than 
25 guided surgery procedures performed, and more than 
5 years of experience in oral implantology); five were gen-
eral dentists with experience in implant surgery but not 
in guided surgery (group II: intermediate level, with more 
than 500 implants clinically placed and more than 5 years 
of experience in oral implantology but no experience in 
guided oral implantology); and five were dentists with no 
experience in implant surgery (group III: novice level, with 
no experience in oral implantology).

The doctors in groups I and II were oral and max-
illofacial surgeons or periodontists with certified spe-
cialization in oral implantology. The doctors in group 
III were general dentists. 

Each participant was asked to place six implants in six 
predetermined locations (three on the right side and three 
on the left side), and everyone repeated the same surgery 
five times in five different models in the same predeter-
mined locations using the same stereolithographic guide.

Model Planning 
A total of 75 identical mandible models (BoneModels) 
were used. All the models were made with resin and 10% 
barium sulfate to exhibit the same degree of radiopacity, 
a hardness similar to type III bone density, and perfect 
anatomy (Fig 1). The models were partially edentulous 
mandibles with left and right second molars and ca-
nines. All sites had a sufficient amount of bone to receive 
implants. The models were placed on a phantom head 
(Frasaco) to create the most realistic simulation possible. 
Because all the models were identical, the same proce-
dure was repeated for each one using the same implant 
planning guide. The mandible models were fixed to the 
phantom head using the same fixation technique by 
adapting the original lower arch support (Fig 2). 

A variety of alloplastic mandibles (BoneModels) 
with different radiologic opacities were tested in cone 
beam computed tomography (CBCT) at Instituto Neo-
facial, and the images were processed with the com-
mercially available software Nemoscan (Software 
Nemotec SL). The authors concluded that the best 
model for the study exhibited type III bone hardness 
and contained 10% barium sulfate; it also had four 
teeth to ensure dental support for the surgical guide. 
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Implant Planning
One of the bone models was examined with a CBCT 
scan (iCAT, Imaging Sciences), and Digital Imaging and 
Communications in Medicine (DICOM) slices were gen-
erated and imported with implant planning software 
(NemoScan, Software Nemotec). Six implants were 
virtually located in the positions of the lateral incisors, 
first premolars, and first molars. 

Surgical Guide 
The surgical guide was prepared using the NemoScan 
Implantology software from Software Nemotec. The 
process involved the following: A CBCT scan was tak-
en of a test model. An optical scan was also taken of 
the same model. The scan was taken with a 3Shape 
D250 lab scanner. Both datasets were merged within 
the NemoScan Implantology software. An implant 
treatment plan was created by placing six implants 
upon the CBCT data. Once the implant treatment 
plan was satisfactorily completed, the surgical guide 
was generated within the software, upon the scanned 
stone model, using the Echoplan guided surgery pa-
rameters (Sweden & Martina) for a fully guided sys-
tem. This generated guide was then exported as an 
STL file for manufacturing.

Manufacturing Process
The resulting guided surgery file was manufactured on 
a Stratasys Eden 250 printer using the Med610 Model 
material. In addition to the surgical guides, a verifica-
tion (test) cube was also manufactured. This verifica-
tion cube was later measured, and the manufactured 
lot was accepted as correctly printed.

After cleaning the surgical guide, the metal sleeves 
(Sweden & Martina) were manually inserted into the 
surgical guide. Each metal sleeve has a ledge, which 
must lay flat upon the plastic of the surgical guide. 
Visual inspection confirmed the proper fitting of the 
sleeve into the surgical guide.

The guide material was Acrylic resin Med610 
(Stratasys), which is a transparent, biocompatible 
material  that is medically approved for temporary 
in-mouth placement. 

Implant Insertion
A total of 450 PEEK-made implants (tapered paral-
lel walled, 4 × 11.5 mm, external hexagon; Outlink2, 
Sweden & Martina) were inserted (15 clinicians, 5 man-
dibles each, 6 implants each). 

All the participating clinicians were informed 
about the methodologic and technical details of 
this study at a conference. All of them were able to 
probe one model to insert six implants in non-prede-
termined locations without using a guiding system. 
Then, the same computer-designed stereolitho-
graphic surgical guide was given to each participant 
for use in five models to reproduce implantation in 
the same locations five times. The guided drilling se-
quence and implant location were determined using 
the Echoplan guided surgery system (Sweden & Mar-
tina), which is a specific kit of drills and implant hold-
ers to guide the drilling sequence and the implant 
depth control. Each participant received the same 
surgical guide generated from a unique implant plan 
for all mandibles. Each implanted model was labeled 
with the group and surgeon numbers.

Group I included expert surgeons, group II included 
surgeons with an intermediate level of experience, and 
group III included novice surgeons.

Analysis of the Guide Wear 
A quality control was performed to evaluate any 
potential wear after the procedures. The guide 
was scanned before starting and after performing 
surgeries in each group using an optical scanner 
(Optical Reveng Dental, Open Technologies). The re-
sulting 3D images were processed with the software 
Geomagic Qualify (3D Systems) to detect wear or 
tears. No changes on the guide were detected after 
all the procedures.

Implant Position Evaluation and  
Measurement Method 
After implant insertion, all the models were examined 
with a CBCT scan (iCAT, Imaging Sciences), and DICOM 
slices were generated and imported using the same 
commercially available implant planning software 

Fig 1  (left) One of the mandible models 
used in the study. All of the models were 
identical and were made of resin and 10% 
barium sulfate, and all samples exhibited 
the same degree of radiopacity, a level of 
hardness similar to type III bone density, 
and perfect anatomy.

Fig 2  (right) The mandible models were 
mounted in a Frasaco head to reproduce 
the same accessibility conditions during 
guided surgery.
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(NemoScan, Software Nemotec). The 3D reconstruc-
tion was segmented in two different masks, implants 
and bones, and was exported in an STL format. For 
each model, the 3D image with the planned implants 
and the STL file with the inserted implants were su-
perimposed by the software (Nemoscan, Nemotec) 
using a best-fit tool. A software tool was developed 
by Nemotec to automatically superimpose both the 
planned and inserted implants, to detect the centers 
and axis, and to measure the distances and angles (Fig 
3). The center of the implant platform and the center 
of the implant apex were identified in each planned 
implant and in each inserted implant. The authors 
marked the center of the apex and the center of the 
platform in the planned model as well as in the insert-
ed implant. NemoScan software was used to analyze 
the differences between the two measures using dif-
ferent algorithms:

1. 3D linear calculus using the three-dimensional 
distance formula: 
AB =  

2. 3D angular calculus using the “axis-angle represen-
tation for 3D vectors” technique. The angle is giv-
en by acos of the dot product of the two vectors: 
v1×v2 = |v1||v2| cos(angle). 

3. Surface settings using two algorithms: 
•  Point Set Registration (points marked inside the 

software): The algorithm named “Rigid Registra-
tion” was used; the formula is: 

dist (T(ℳ),S = ΣmєT(ℳ) + ΣsєS(m – s)2  
 

• Iterative Closest Point (ICP) (marked by regions 
inside the software). This algorithm is represent-
ed with the following pseudo-formula: 

Algorithm ICP(ℳ,S)  
  θ: = θ0 
  while not registered:  
    X := Ø 
    for miєT(ℳ,θ) 
      ŝj: = closest point in S to mi 
      X: = X + <mi , ŝj> 
    θ: = least squares (X) 
  return θ 

Each mandible generated six measurements for the 
differences between the planned and final platforms 
and six measurements for the differences between the 
planned and final apices (Fig 4). Using these matched 
points, the software generated angle deviations. All of 
these processes were performed by an independent 
blind observer (A.F.G.) who had no information about 
the clinician’s name or experience level. 

Data Analysis
The differences in millimeters between the center of 
the platform on the planning guide and the placed 
implant were coded as PLATFORM DEVIATION (PLAT). 
The differences in millimeters between the implant 
apex on the planning guide and the placed implant 
were coded as APEX DEVIATION (APEX), and the dif-
ferences in degrees in the angle between the planned 
implant and the placed implant were coded as ANGLE 
DEVIATION (AXIS).

The discrepancy measurements were analyzed and 
compared among the groups to find differences in 

√(x2–x1)2 + (y2–y1)2 + (z2 – z1)2

Fig 3  The 3D images from the planning guide and from the 
postoperative CT were superimposed using a specific tool 
and Nemoscan software (Nemotec). The planned implants are 
shown in green, and the definitive placed implants are shown 
in red. Note the obvious deviations. In the inferior part of the 
image, both the planned and placed implants are shown in 3D.

Fig 4  For each implant, three measurements were made: plat-
form deviation, apex deviation, and angle deviation.

Distance at the entry point

Angle deviation

Distance at the 
apex point
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the accuracy of implant insertion among clinicians or 
groups. A descriptive study was conducted, and a mul-
tivariate analysis of variance (MANOVA) was used for 
the statistical analyses, and multiple comparisons were 
made using Tukey’s method with variables selected ac-
cording to the three measurements corresponding to 
each position.

Data analysis was performed using the IBM SPSS-
Statistics 19 software package. A value of P ≤ .05 was 
considered to be statistically significant.

RESULTS

Tables 1, 2, and 3 show the mean deviations in the 
measurements of the platform, apex, and angle of the 
implants for each surgeon with respect to the planned 
implants. Table 4 shows the mean deviation for the three 
measurements with the surgeons grouped according to 
their level of experience. Table 5 shows the differences in 
the mean, typical error, and confidence interval among 
groups regarding the axis in millimeters.

Table 1  Global Platform Deviation for Each Surgeon (in mm)

Surgeon’s 
code N Mean SD SE

95% Confidence interval

Min MaxInferior limit Superior limit

I-1 30 0.453 0.175 0.032 0.387 0.618 0.20 0.90

I-2 30 0.346 0.181 0.033 0.278 0.414 0.10 0.70

I-3 30 0.45 0.247 0.045 0.357 0.542 0.10 1.30

I-4 30 0.343 0.188 0.034 0.272 0.413 0.10 0.70

I-5 30 0.51 0.430 0.078 0.349 0.670 0.10 1.70

II-1 30 0.396 0.169 0.030 0.333 0.459 0.10 0.80

II-2 30 0.576 0.305 0.055 0.462 0.690 0.10 1.10

II-3 30 0.480 0.171 0.031 0.416 0.543 0.20 0.90

II-4 30 0.416 0.256 0.046 0.321 0.612 0.10 1.10

II-5 30 0.590 0.329 0.060 0.466 0.713 0.10 1.50

III-1 30 0.343 0.167 0.030 0.280 0.405 0.10 1.00

III-2 30 0.403 0.190 0.034 0.332 0.474 0.20 0.90

III-3 30 0.393 0.131 0.023 0.244 0.342 0.10 0.70

III-4 30 0.463 0.184 0.033 0.294 0.532 0.20 0.90

III-5 30 0.472 0.174 0.031 0.304 0.535 0.00 0.90

N = number of implants inserted by each surgeon; mean = mean deviation; SD = standard deviation; SE = standard error; Min = minimum value of 
deviation; Max = maximum value of deviation.

Table 2  Global Apex Deviation for Each Surgeon (in mm)

Surgeon’s 
code N Mean SD SE

95% Confidence interval

Min MaxInferior limit Superior limit

I-1 30 1.03 0.426 0.077 0.870 1.189 0.30 2.20

I-2 30 0.69 0.330 0.060 0.566 0.813 0.10 1.30

I-3 30 0.83 0.430 0.078 0.672 0.993 0.30 1.70

I-4 30 0.57 0.255 0.046 0.481 0.672 0.10 1.00

I-5 30 0.76 0.460 0.084 0.591 0.935 0.20 2.00

II-1 30 0.69 0.299 0.054 0.581 0.805 0.30 1.30

II-2 30 0.90 0.363 0.066 0.770 1.042 0.30 1.70

II-3 30 0.81 0.252 0.046 0.722 0.910 0.30 1.30

II-4 30 0.78 0.251 0.045 0.686 0.873 0.40 1.30

II-5 30 0.87 0.322 0.058 0.749 0.990 0.30 1.60

III-1 30 0.79 0.292 0.053 0.684 0.902 0.30 1.50

III-2 30 0.77 0.266 0.048 0.670 0.869 0.30 1.30

III-3 30 0.68 0.213 0.039 0.600 0.759 0.30 1.20

III-4 30 0.786 0.263 0.048 0.688 0.885 0.40 1.30

III-5 30 0.890 0.331 0.060 0.766 1.013 0.40 1.60

N = number of implants inserted by each surgeon; Mean = mean deviation; SD = standard deviation; SE = standard error; Min = minimum value of 
deviation; Max = maximum value of deviation.
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The interaction between group and implant po-
sition was not significant for the three variables 
considered (APEX, P = .558; PLAT, P = .705; AXIS, 
P = .224).

For APEX, there were no significant differences 
among either of the groups (P = .609) or the surgeons 
(P = .092). 

For PLATFORM, there were no significant differ-
ences among the groups (P = .521) or among the sur-
geons (P = .135). 

There were significant differences in AXIS among the 
groups (P = .001); group III showed more deviations than 
group I (P = .024) and group II (P = .001) did. There were no 
significant differences between groups I and II (P = .368). 

Table 3  Global Angle Deviation for Each Surgeon (in degrees)

Surgeon’s 
code N Mean SD SE

95% Confidence interval

Min MaxInferior limit Superior limit

I-1 30 2.933 1.917 0.350 2.217 3.649 0.50 7.50

I-2 30 2.010 0.927 0.169 1.663 2.356 0.60 4.20

I-3 30 2.223 1.298 0.237 1.738 2.7082 0.30 4.80

I-4 30 1.613 0.858 0.156 1.292 1.933 0.20 3.70

I-5 30 1.810 0.881 0.160 1.480 2.139 0.20 3.50

II-1 30 1.680 0.663 0.121 1.432 1.927 0.40 2.90

II-2 30 2.126 0.919 0.167 1.783 2.470 0.50 3.70

II-3 30 2.303 0.873 0.159 1.977 2.629 0.80 3.90

II-4 30 1.743 1.030 0.188 1.358 2.128 0.10 3.90

II-5 30 1.946 0.931 0.170 1.598 2.294 0.60 4.30

III-1 30 2.753 0.941 0.171 2.401 3.104 1.10 4.60

III-2 30 2.350 0.968 0.176 1.988 2.711 0.30 4.50

III-3 30 1.710 0.778 0.142 1.419 2.000 0.50 3.20

III-4 30 2.313 1.042 0.190 1.924 2.702 0.50 5.80

III-5 30 3.000 1.203 0.219 2.550 3.449 0.90 6.10

N = number of implants inserted by each surgeon; Mean = mean deviation; SD = standard deviation; SE = standard error; Min = minimum value of 
deviation; Max = maximum value of deviation.

Table 4  Deviations in Each Group of Surgeons Classified by Level of Experience

Platform deviation (mm) Apex deviation (mm) Angle deviation (deg)

Mean SD Min Max Mean SD Min Max Mean SD Min Max

Group I (experts)
(n = 150)

0.420 0.273 0.100 1.700 0.779 0.412 0.100 2.200 2.118 1.309 0.200 7.500

Group II (intermediate) 
(n = 150)

0.491 0.261 0.100 1.500 0.813 0.306 0.300 1.700 1.960 0.910 0.100 4.300

Group III (novice)
(n = 150)

0.414 0.172 0.000 1.000 0.784 0.281 0.300 1.600 2.425 1.078 0.300 6.100

Total (n = 450) 0.442 0.235 0.000 1.700 0.792 0.333 0.100 1.700 2.16 1.099 0.100 7.500

n = number of implants; Mean = mean value; SD = standard deviation; Min = minimum value; Max = maximum value.

Table 5  Mean Differences, Standard Error, and 95% Confidence Interval for Pairwise Comparison 
Between Groups Regarding Angle Deviations (in degrees)

Groups Mean differences Standard error P value

95% CI 

Inferior Superior

I–II 0.158 0.117 .368 –0.117 0.433

I–III –0.307 0.117 .024 –0.583 –0.032

II–III –0.465 0.117 .000 –0.740 –0.189 

Group I = experts; Group II = intermediate; Group III = novice; I–II = differences between groups I and II; I–III = differences between groups I and 
III; II–III = differences between groups II and III.
Significant difference (P < .05).
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DISCUSSION

At present, osseointegrated implants can be placed 
with guides either through navigation or with stereo-
lithographic guides, which allows more accurate and 
minimally invasive surgery without flaps and with less 
pain for the patient. These navigation systems, also 
called “dynamic” systems, allow the procedure to be 
modified in real time during surgery according to the 
surgeon’s criteria. However, differences between static 
systems (guides) and dynamic systems (navigation) 
should be expected13 and may be explained by the 
fact that most studies of navigation were performed 
in vivo, whereas studies of static methods have been 
performed on models or cadavers, allowing for greater 
access, greater visual control of the axis of the osteoto-
my, a lack of movement of the model, and the absence 
of saliva and blood.1,7,13,15 Therefore, the authors chose 
a static guide system for the present study. This system 
has been found to be accurate and reproducible and 
does not allow improvisation, thus providing a consis-
tent surgical context for all surgeons in all cases.

In the present study, errors were minimized in the 
scanning phase by using a model mandible that was 
identical to the mandibles in which the implants were 
to be placed and by having the same person perform 
the preoperative and postoperative scanning using 
the same CBCT equipment. This method resulted in a 
single plan for all the mandibles and the generation of 
a single guide, which was used by all the surgeons.

The accuracy of the process also depends on how the 
guide is held. Available research in this area has studied 
the safety and accuracy of the stereolithographic guides 
based on the use of dental, bone, or mucous support. 
The safest guides were the dental- or the dento-mu-
cous-supported guides used for patients with some 
remaining teeth compared with guides that were exclu-
sively supported by the mucosa in the fully edentulous 
arch.16–19 The present study used a model mandible 
made of resin with four dental pieces and attempted to 
minimize the movement of the guide by anchoring it di-
rectly on the model and attaching it to the teeth.

Numerous studies, including various meta-analy-
ses, have evaluated the accuracy of the placement of 
dental implants.9,13,20 Among these studies, a study 
by Tahmaseb et al (2014)9 appears to be especially 
relevant because of its detailed study of the different 
works analyzed and its analysis of the accuracy of im-
plant placement. In contrast, a study by Van Assche et 
al (2012)20 considered osteotomy in the analysis but 
not implant placement. These articles summarize the 
evolution of guided implantology and describe its cur-
rent state in clinical use. Each study analyzed in the 
meta-analysis was conducted in a different way; some 
were clinical studies, and others were performed on 

models or on cadavers. There were prospective stud-
ies and retrospective studies, some with bone-sup-
ported guides, others with mucous-supported guides; 
in some studies, guides were placed with pins or not 
placed at all, and guides were placed on either max-
illae or mandibles; and various planning systems and 
data transfer systems were used. Some studies consid-
ered the surgeon’s experience and skill level, and oth-
ers did not. Few studies were conducted using models 
to specifically analyze the deviations between plan-
ning and final implant positioning based on the sur-
geon’s experience. In this sense, the authors feel the 
present study provides valuable information because 
the conditions and workflow were the same for all the 
surgeons, thus minimizing the various causes of error 
and allowing them to specifically evaluate the differ-
ences among surgeons with different experience lev-
els. It may enable ascertaining whether the surgeon’s 
experience level is indeed a determining factor in the 
accuracy of implantation or if, on the contrary, the use 
of guides may minimize differences among clinicians.

All accuracy studies have one thing in common: the 
differences between planning and implant placement 
are analyzed using a double CT scan to measure the de-
viations from the platform position, the implant apex, 
and the angle deviation. Table 6 summarizes these 
differences in in vitro and cadaver studies that were 
similar to the present study. While these studies were 
methodologically different from the present study, 
they nonetheless offer a means of comparing results.

The focus of this article is a thorough analysis of the 
influence of the surgeon’s experience on the precision 
of guided implant placement surgery. A study of this na-
ture can only be conducted in vitro by reproducing the 
same planning in various identical mandibles and thus 
isolating any dependent operating factors. It is obvious 
that a study of these characteristics would not be pos-
sible in vivo because it is next to impossible to duplicate 
the same surgery with the same planning on the same 
patient by multiple surgeons. For the same reasons, 
it would also be impossible to conduct a study of this 
type on cadavers, where the low availability of anatomi-
cal pieces presents additional challenges. In fact, the ca-
daver studies conducted to date have been performed 
by a limited number of surgeons on a limited number of 
specimens and, therefore, a limited number of implants.

In the present study, the null hypothesis was re-
jected because there were significant differences in the 
implant angle between groups I and III (P = .024) and 
between groups II and III (P = .001). Statistically signifi-
cant differences were not found between groups I and 
II (P = .368). Group I, the most experienced group of 
surgeons, presented the lowest degree of angle devia-
tion. Significant differences were not found between 
the groups with regard to platform and apex position.
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Regarding angle, the mean deviation for each of the 
groups was 2.19 ± 1.31 degrees in group I, 1.96 ± 0.91 
degrees in group II, and 2.43 ± 1.08 degrees in group III, 
for a total difference of 0.16 degrees between groups I 
and II, 0.31 degrees between groups I and III, and 0.47 
degrees between groups II and III. 

Although group I and group II (comprising clini-
cians with more than 5 years of experience in implant 
surgery) showed minor deviations in the final implant 
angle, these differences (maximum of 0.4 degrees) 
were minimal and clinically irrelevant given that they 
had little impact on the final result. 

In the present study, the drilling depth was not 
measured in the vertical or axial axis of the implant be-
cause the authors did not want to differentiate which 
part of the deviation was due to depth error or which 
was due to lateral error, as the two axes of deviation 
can be equally severe depending on the case. From a 
surgical point of view, the deviation in depth can unde-
sirably affect the dental nerve, but lateral deviation can 
affect the root of a neighboring tooth or fenestration 
of a bone table. From a prosthetic point of view, the 
lateral deviation can be equally serious or even more 
serious and more difficult to solve than the deviation 
in depth. In fact, any lateral or vertical deviation pre-
vents a perfect passive fit of a prosthesis for immediate 
restoration, which had been previously manufactured 
exclusively based on the virtual planning. Therefore, 

the present study considered the deviation in depth as 
serious as the lateral deviation and, on this basis, the 
global deviation was measured. The present study did 
not have differentiated anteroposterior deviation from 
lateral deviation or deviation in depth, as they all may 
be equally critical depending on the case. The authors 
contemplated the deviation as lack of precision and 
considered the accuracy as lack of deviation.

In the present study, the maximum errors obtained 
were 7.50 degrees for angulation, 1.7 mm for apex de-
viation, and 2.2 mm for platform deviation (Tables 1, 2, 
and 3). It is not possible to determine an objective pre-
cision value that may always be clinically acceptable 
because the clinically acceptable accuracy in each case 
depends on its anatomical, prosthodontic, and esthetic 
peculiarities. If it is accepted, according to the literature, 
that guided surgery has mean accuracy values less than 
1 mm and 5 degrees, acceptable precision values can be 
considered those that are in this range, but this is an ex-
pectative and not a guarantee.6,9,13,14 Although guided 
surgery has these accurate values, sometimes extreme 
values could happen. Values widely higher than this 
mean deviation may occur, and experience is necessary 
to detect and correct them. Guided surgery helps, but it 
is not a guarantee in implant placement, and it is not a 
substitute for knowledge of the anatomical features of 
the case, the correct planning of the implant, skill in the 
use of the guided surgery system, and careful technical 

Table 6  Studies on Accuracy in Guided Implant Placement Performed In Vitro or on Cadavers

Study Year
Study 
design

Guide 
support

No. 
Implants

Platform deviation (mm)
Apex deviation 

(mm)
Angle deviation 

(deg)

Mean ± SD Max Mean ± SD Max Mean ± SD Max

Van Assche 
et al19

2007 Cadaver Tooth + 2 
anchor pins

12 1.1 ± 0.7 0.0, 2.3 1.2 ± 0.7 2.4 1.8 ± 0.8 4

Dreiseidler 
et al22

2009 Model Tooth 24 0.22 ± 0.099 0.38 0.34 ± 0.15 0.62 1.09 ± 0.51 2

Pettersson 
et al23

2010 Cadaver Mucosa + 
pin

145 1.06 ± 0.58 3.13 1.25 ± 0.68 3.63 2.64 ± 1.42 7.44

Tahmaseb 
et al24

2010 Model Mini-implant 6 0.055 ± 0.32 – – – – –

Viegas et 
al25

2010 Model Bone 11 0.37 ± 0.2 – 0.41 ± 0.22 – 0.7 ± 0.3 –

Tahmaseb 
et al26 

2011 Model Mini-implant 4 0.027 ± 0.015 0.046

Kuhl et al27 2013 Cadaver Mix (mucosa-
tooth)

19 1.52 ± 0.81 3.54 1.55 ± 0.68 3.64 3.6 ± 2.68 8.75

Soares et 
al5

2012 Model Mucosa + 
pin

18 1.38 ± 0.42 – 1.39 ± 0.4 – 2.16 ± 0.91 –

Cushen and 
Turkyilmaz14

2013 Model Bone 100 0.69 ± 0.31 1.36 0.38 ± 0.17 0.73 3.28 ± 1.60 7.68

Pettersson 
et al21

2014 Model Bone + 
three pins

150 0.59 ± NC 1.19 0.73 ± NC 1.46 0.61 ± NC 4.39

Present 
study

2016 Model Bone + 
tooth

450 0.44 ± 0.23 1.7 0.79 ± 0.33 1.7 2.16 ± 1.09 7.5

Mean = mean value; SD = standard deviation; Min = minimum value; Max = maximum value. 
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execution. Not all guided surgeries proceed as planned, 
and a thorough knowledge of anatomy and implant sur-
gery is required, even in guided surgery cases. 

In a study by Hinckfuss et al (2012),1 three groups of 
surgeons were analyzed: those with novice, intermedi-
ate, and expert levels of experience in placing implants in 
mandibles using four different guides. CBCT was not used 
in the planning; instead, a machine was used to measure 
the coordinates and compare the results with the ideal 
first placement. A model with the ideal placement was 
developed, and three guides were created. The surgeons 
placed the implants with each of the guides and without 
guides, and their results were compared using a machine 
that measures coordinates and not using CBCT. Although 
this study is not methodically comparable with the pres-
ent study, its results do coincide with the present study: 
the surgeon’s experience level had a minimal effect on 
the accuracy of the implant placement. The only differ-
ence based on the experience level was that the most ex-
perienced surgeons had the lowest angle error; however, 
the mean difference among the groups was 1.5 degrees, 
which cannot be considered clinically relevant or signifi-
cant. When the range of error among the groups with 
varying experience levels is considered, the probability of 
esthetic or functional problems resulting from excessive 
angle error is lowest in the group with greatest experi-
ence. In the present study, the group with the most expe-
rience, group I, had lower angle errors than the rest of the 
groups did. This coincides with Hinckfuss et al’s finding 
that the likelihood of angle error decreases with greater 
surgeon experience. The present study split the experi-
enced clinicians into two groups: those with experience 
in implant surgery with (group I) and without (group II) 
experience in guided surgery. No significant differences 
between those two groups were found.

In a recent study by Pettersson et al (2014),21 differ-
ences between planning and implant placement were 
studied using 25 plastic mandible models, on which five 
surgeons placed six implants each, for a total evaluation 
of 150 implants. Significant differences between the plan-
ning and the final implant placement in regard to apex 

position, platform, and depth were observed. A compari-
son of the different surgeons, who were not classified ac-
cording to experience, showed significant differences 
in angle, depth, and apex, but not in platform. The data 
from the present study coincide with regard to angula-
tion but not with regard to platform or apex. Similar to 
the study by Pettersson et al,21 the present study found 
more variability in the deviation from the apex than from 
the platform, although the differences were not statisti-
cally significant. In agreement with Pettersson et al,21 
the authors of the present study believe that this result 
could be related to the minimum distance from the guide 
sleeves to the hexagon of the implants, which results in 
greater accuracy for the platform because it is closer to 
the platform than the apex. This might result in a smaller 
deviation error because the hardware may guide the hex-
agonal part of the implant in a more controlled way than 
it guides the apical part. However, the scientific literature 
states that 1 mm is an acceptable deviation from the en-
trance or the platform, and all the surgeons in the present 
study showed a mean deviation less than 1 mm. 

Cushen and Turkyilmaz (2013)14 also studied variabili-
ty based on the surgeon’s experience. Twenty fully eden-
tulous resin mandibles were scanned with CBCT. Five 
implants were planned for each mandible, and a stereo-
lithographic guide was made. Four surgeons placed 100 
implants (25 per surgeon and five per mandible). Two 
of the surgeons were experienced, and two were not. A 
new scan was taken with the placed implants and com-
pared with the planning guide. The angular, horizontal, 
and vertical deviations of the placed implants in respect 
to the planning guide were measured, and significant 
differences among the surgeons were noted. There was 
a significant difference in the accuracy of the implant 
placement based on the surgeon’s experience. Regard-
ing the study’s overall values, in the present study, there 
was less mean variation in the platform and the angle 
and greater variation in the apex than reported in the 
study by Cushen and Turkyilmaz.14 A comparison of 
measurements between the study by Cushen and Turky-
ilmaz and the present study can be seen in Table 7.

Table 7  Comparison of Measurements Between the Present Study and Cushen and Turkyilmaz14 

Platform deviation Apex deviation Angle deviation

Mean SD Min Max Mean SD Min Max Mean SD Min Max

Group I (n = 150) 0.420 0.273 0.100 1.700 0.779 0.412 0.100 2.200 2.118 1.309 0.200 7.500

Group II (n = 150) 0.491 0.261 0.100 1.500 0.813 0.306 0.300 1.700 1.960 0.910 0.100 4.300

Group III (n = 150) 0.414 0.172 0.000 1.000 0.784 0.281 0.300 1.600 2.425 1.078 0.300 6.100

Total (n = 450) 0.442 0.235 0.000 1.700 0.792 0.333 0.100 1.700 2.16 1.099 0.1 7.500

Cushen and Turkyilmaz total 0.690 0.310 0.090 1.360 0.38 0.17 0.05 0.73 3.28 1.60 0.26 7.68

Experienced 0.63 0.28 0.10 1.16 0.34 0.15 0.06 0.66 2.60 1.25 0.26 6.01

Not experienced 0.77 0.33 0.09 1.36 0.42 0.19 0.05 0.73 3.96 1.64 0.63 7.68 

The upper part of the table shows the results of the present study, and the three lowest rows show the results of the Cushen and Turkyilmaz 
study. SD = standard deviation; Min = minimum value; Max = maximum value.
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In the present study, all the surgeons exhibited a 
mean deviation in the apex approximately twice that 
of the platform. This is logical if it is considered that 
apex error arises from both the deviation of the access 
point and the effects of the angle deviation, which in-
creases as the implant length increases. This can result 
in considerable deviation when long implants, such as 
zygoma implants, are used.

By placing the model in a Frasaco head, the present 
study attempted to simulate as realistically as possible 
the physical conditions that the surgeon encounters 
while placing an implant, such as restricted access to the 
oral cavity.  In the study by Cushen and Turkyilmaz,14 the 
surgeon had a direct view of the model, which was easily 
stabilized; this may have led to fewer final mistakes.

CONCLUSIONS

There are differences in the accuracy of implant place-
ment according to the surgeon’s experience. Expert sur-
geons show less angle deviation than novice surgeons. 
Although these differences are statistically significant, 
they are very small (less than 0.5 degrees) and may be 
considered clinically irrelevant. There are no significant 
differences in platform and apex position among the 
three groups based on the level of experience.
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