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Abstract: Purpose: To evaluate the clinical outcomes of implants placed using different types of computer-aided
design/computer-aided manufacturing (CAD/CAM) surgical guides, including partially guided and totally guided
templates, and determine the accuracy of these guides Materials and methods: In total, 111 implants were placed
in 24 patients using CAD/CAM surgical guides. After implant insertion, the positions and angulations of the placed
implants relative to those of the planned ones were determined using special software that matched pre- and post-
operative computed tomography (CT) images, and deviations were calculated and compared between the different
guides and templates. Results: The mean angular deviations were 1.72 + 1.67 and 2.71 + 2.58, the mean devia-
tions in position at the neck were 0.27 + 0.24 and 0.69 + 0.66 mm, the mean deviations in position at the apex
were 0.37 + 0.35 and 0.94 + 0.75 mm, and the mean depth deviations were 0.32 + 0.32 and 0.51 + 0.48 mm with
tooth- and mucosa-supported stereolithographic guides, respectively (P < .05 for all). The mean distance deviations
when partially guided (29 implants) and totally guided templates (30 implants) were used were 0.54 + 0.50 mm
and 0.89 + 0.78 mm, respectively, at the neck and 1.10 + 0.85 mm and 0.81 + 0.64 mm, respectively, at the apex,
with corresponding mean angular deviations of 2.56 + 2.23° and 2.90 + 3.0° (P > .05 for all). Conclusions: Tooth-
supported surgical guides may be more accurate than mucosa-supported guides, while both partially and totally
guided templates can simplify surgery and aid in optimal implant placement.

Keywords: Dental implant, surgical guide, computer-aided design/computer-aided manufacturing, osseointegra-
tion, tooth-supported guide, mucosa-supported guide

Introduction

The number of patients that demand fixed
implant-supported prostheses has increased
considerably in the past few years [1].
Osseointegration of dental implants is the most
important requirement for implant-supported
restorations, while optimal implant placement
is critical to the esthetic and functional success
of such restorations. Unfavorable implant inser-
tion may result in adverse effects on osseointe-
gration, long-term predictability, success, and
esthetic outcomes of prostheses. Presurgical
planning is essential to achieve excellent
esthetic and functional outcomes with dental
implants. Several factors such as the mandibu-
lar canal, maxillary sinus, and adjacent teeth

need to be considered before implant surgery.
Practitioners have generally used conventional
dental radiographs (panoramic and periapical)
[2] and conventionally fabricated surgical
guides [3, 4] for implant placement. Surgical
guides conventionally fabricated on diagnostic
stone casts do not provide information about
the varying thicknesses of the mucosa, topog-
raphy of the underlying bone, or anatomical
structures; furthermore, they do not remain
stable during surgery. Of late, computed tomog-
raphy (CT) has been introduced for presurgical
implant planning. Practitioners can now simu-
late ideal implant placement and treatment
planning, including assessment of the precise
dimensions of the implant, ideal depth, and
angulation, using CT scans. In addition, pros-



CAD/CAM surgical guides for dental implantation

Table 1. Patient and treatment characteristics

Mean Total Numlber Number of
of guides implants

Age 41.6
Number of implants 111
Number of subjects 24 28 111
Gender

Male 13 16 68

Female 11 12 43
Type of edentulism

Complete 15 59

Partial 13 52
Arch

Maxilla 16 69

Mandible 12 42
Surgical guide support

Mucosa 15 59

Tooth 13 52
Type of template

Partially guided 6 29

Totally guided 9 30

thetically directed implant placement using
computer software can ensure precise place-
ment and predictable prosthetic outcomes,
with the literature reporting the use of comput-
er-aided design/computer-aided manufactur-
ing (CAD/CAM) stereolithographic (SLA) surgi-
cal guides, which offer a significant advantage
to the surgeon by improving precision and mini-
mizing complications such as mandibular nerve
damage, sinus perforation, fenestrations, and
dehiscences [5, 6].

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 [6, 7]. However,
few studies have reported about the accuracy
of partially guided and totally guided
templates.

The aim of the present study was to evaluate
the clinical outcomes of implants placed using
different types of CAD/CAM surgical guides,
including partially guided and totally guided
templates, and to determine the accuracy of
the different guides.

Materials and methods

The study protocol was approved by the ethical
committee of the Capital Medical University.
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In total, 24 patients (13 men and 11
women; mean age, 41.6 * 15.2 years;
range, 25-65 years) with missing teeth or
edentulous jaws who provided voluntary
consent to undergo dental implant treat-
ment were recruited from the Department
of Dental Implantology, Centre of Beijing
Stomatological Hospital (Table 1). Uncoo-
perative patients, those with systemic dis-
eases such as uncontrolled diabetes, those
with a history of radiation to the head and
neck region, those who required bone graft-
ing at the implant recipient site because of
a compromised bone volume, and those
with restricted mouth opening that would
compromise surgery were excluded.

The procedure followed for each patient is
described below.

First, a radiopaque diagnostic template or a
template of the patient’s existing dentures
(partial or total) was fabricated to under-
stand the patient’s esthetic and functional
requirements.

Second, a CT scan of the patient’s arch was
obtained using a cone beam CT device
(Quantitative Radiology, Verona, Italy). The radi-
opaque diagnostic template was used during
CT imaging.

Third, digital three-dimensional (3D) CT-based
surgical planning was undertaken. The comput-
er program Simplant® uses the original CT
datain the Digital Imaging and Communications
in Medicine (DICOM) format to produce axial,
3D, panoramic, and cross-sectional images, all
of which are visible at the same time in four
interactive windows on a computer monitor
(Figure 1). With this software, implants are vir-
tually placed according to the bone anatomy
and prosthetic design.

Fourth, CAD of the surgical guide was under-
taken (Figure 2), where the clinician designed
the drilling template in a CAD environment, fol-
lowed by CAM of the surgical guide to transfer
the digital plan to the surgical environment.

Fifth, computer-aided surgery was completed.
All surgeries were performed under local anes-
thesia using primacaine. Two different types of
surgical guides, namely tooth-supported and
mucosa-supported guides, were used during
implant placement. A total of 111 implants
(Straumann, Swiss) were placed using flapless
surgery (Figure 3).

Int J Clin Exp Med 2015;8(6):8442-8449



CAD/CAM surgical guides for dental implantation

- NN W I

\
L 9

Figure 1. Treatment planning and implant selection using a computer program (Simplant®) and cone beam com-

puted tomography (CBCT) scans.

Figure 2. Computer-aided design of the surgical
guide.

The sixth step included postoperative CT and
matching. Postoperative CT was performed
using the same preoperative CT parameters.
The Simplant® software, which matched the
pre- and postoperative CT images, was used to
compare the locations and axes of the planned
and placed implants (Figure 4).

Measurement methods

For each planned and placed implant, two
points were located (x, y, and z co-ordinates) on
their long axes. The first was at the center of
the most coronal portion (neck) of the implant
and the second was at the center of the apex of
the implant. The position and angulation of the
placed implant relative to those of the planned
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Figure 3. Surgery is completed using the computed-
aided design/computer-aided manufacturing (CAD/
CAM) surgical guide.

implant were determined, with deviations cal-
culated by measuring the distance between the
centers of the planned and placed implants
and the angle between the long axes of the
planned and placed implants, respectively
(Figure 5).

Statistical analysis

Data were evaluated using SPSS software
(Statistical Package for Social Science, IBM
Corporation, NY, USA). The quantitative data for
each group are expressed as mean values with
standard deviations. The Kolmogorov-Mirnov
test showed that the data were nonparametri-
cally distributed. An independent-samples
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Figure 4. Matching procedure using Simplant® soft-
ware. The planned implants are shown in red and the
placed implants are shown in blue.

t-test was used for comparisons between the
planned and placed implants in terms of the
angular deviations and deviations in position at
the neck and apex. All tests were two-tailed,
and a P-value of < .05 was considered statisti-
cally significant.

Results

In total, the 111 implants were placed without
any complications. Of these, 52 were placed
using tooth-supported surgical guides for par-
tially edentulous patients and 59 were placed
using mucosa-supported guides for completely
edentulous patients (Table 1).

The mean angular deviations of the placed
implants were 1.72 + 1.67 and 2.71 + 2.58
with the tooth-supported and mucosa-support-
ed SLA surgical guides, respectively, while the
mean deviations in position were 0.27 + 0.24
mm and 0.69 + 0.66 mm at the neck and 0.37
+ 0.35 mm and 0.94 + 0.75 mm at the apex,
respectively. The mean depth deviations were
0.32 + 0.32 mm with the tooth-supported
guide and 0.51 £+ 0.48 mm with the mucosa-
supported guide. All these values were signifi-
cantly different (P < .05) between the tooth-
supported and mucosa-supported surgical
guides (Table 2).

The mean deviations in position were 0.54 +
0.50 mm at the neck and 0.81 + 0.64 mm at
the apex for the 29 implants placed using a
partially guided template, with a mean angular
deviation of 2.56 + 2.23. The corresponding
values for the 30 implants placed using a total-
ly guided template were 0.89 + 0.78 mm, 1.10
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Figure 5. Matching procedure between planned
(gray) and placed (blue) implants. a represents the
angular deviation of the axis of the placed implant
relative to the axis of the planned implant. a is the
distance between the planned and placed implant at
the neck; b is the distance between the planned and
placed implant at the apex; and c is the deviation in
depth of the placed implant relative to the depth of
the planned implant.

+ 0.85 mm, and 2.90 + 3.0°, respectively.
There were no significant differences (P > .05)
in any parameter between the two templates
(Table 3).

Discussion

Two different techniques have been developed
for computer-aided surgery [8], which can be
performed using a static surgical template that
reproduces the virtual implant position directly
from CT data and does not allow for intraopera-
tive modification of the implant position or a
surgical navigation system (dynamic guide) that
reproduces the virtual implant position directly
from CT data and allows for intraoperative
changes in implant position [9]. CAD/CAM sur-
gical guides allow the clinician to satisfy both
functional and esthetic demands and ensure
precise placement and predictable prosthetic
outcomes.
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Table 2. Deviations with mucosa- and tooth-supported guides

Surgical guide support

Number of Angular deviation Deviation at neck Deviation at apex Depth deviation

implants (mm, M + SD) (mm, M + SD) (mm, M + SD) (mm, M £ SD)
Mucosa-supported 59 2.71+2.58 0.69 + 0.66 0.94 +0.75 0.51+£0.48
Tooth-supported 52 1.72 + 1.67 0.27 £0.24 0.37 £+ 0.35 0.32+£0.32
P-value 0.046* 0.003* 0.001* 0.045*

*P < .05; M + SD, mean + standard deviation.

Table 3. Deviations with partially and totally guided templates

Type of template Number of  Angular deviation

Deviation at neck  Deviation at apex  Depth deviation

implants (mm, M £ SD) (mm, M + SD) (mm, M £ SD) (mm, M £ SD)
Partially guided 29 2.56 +2.23 0.54 + 0.50 0.81+0.64 0.31+0.72
Totally guided 30 29+3.0 0.89 +0.78 1.10+0.85 0.24 +0.54
P-value 0.645 0.073 0.162 0.669

M + SD, mean + standard deviation.

Figure 6. The partially guided surgical template is of-
ten designed with a single pilot drill guide.

Figure 7. The totally guided surgical template is de-
signed and used for osteotomy site preparation and
implant delivery. Osteotomy sites are prepared using
sequential, removable surgical drilling guides.

CAD/CAM surgical guides include a partially
guided template (Figure 6), whereby only the
osteotomy site is prepared using a pilot drill
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Figure 8. A tooth-supported surgical guide is seated
and stabilized with the help of natural teeth.

guide, and a totally guided template (Figure 7),
whereby one guide is used for osteotomy site
preparation as well as implant delivery.
Osteotomy sites are prepared using sequential,
removable surgical drilling guides (generated
using computer software and through the pro-
cess of SLA) [10]. Because the use of surgical
templates may affect cooling during osteotomy,
partially guided surgical templates are often
designed with a single pilot drill guide to avoid
bone burns. Moreover, because surgery using a
surgical template is often compromised by the
size of the patient’s mouth opening, a single
drill guide can make preparation easier. The
use of a totally guided template may further
minimize access points and angular deviations
because of the potential influence of operator
positioning errors while using more than one
guide or during manual implant placement. In
this study, both partially guided and totally guid-

Int J Clin Exp Med 2015;8(6):8442-8449



CAD/CAM surgical guides for dental implantation

ed surgical templates were used. However, no
significant difference was observed in the out-
comes achieved with these two templates.
Partially guided templates can also facilitate
optimal implant placement and can simplify the
surgical procedure. In this study, micro-move-
ments of the surgical guides were observed
during implant placement, and this may have
increased the deviation values. The use of a
partially guided template can minimize these
micro-movements. Inherent errors such as
those caused by guide micro-movements and
those caused by the influence of bone density
should be considered when calculating the
deviations with both approaches.

Surgical guides are supported by the teeth,
bone, or mucosa [11, 12]. In this study, tooth-
supported (Figure 8) and mucosa-supported
guides (Figure 7) were used for edentulous
patients. Significant differences were observed
between tooth- and mucosa-supported surgi-
cal guides, with the former showing greater
accuracy than the latter, which showed micro-
movements because of mucosal flexibility.
Tooth-supported surgical guides are relatively
more stable. In Ozan’s study [6], the angular
deviations of the placed implants relative to the
positions of the planned implants were 2.91 +
1.3°, 4.63 £ 2.6°, and 4.51 + 2.1° with tooth-,
bone-, and mucosa-supported SLA surgical
guides, respectively. They also found that the
tooth-supported guides were more accurate.
Recently published studies indicate that the
use of computer-aided surgical systems for
dental implant bed preparation and implant
placement results in an average deviation of <1
mm in implant position and a <5° angular devi-
ation [13, 14]. Moreover, in a review of the lit-
erature on the accuracy of computer-designed
SLA surgical guides for oral rehabilitation using
dental implants [15], one in vitro study reported
a mean apical deviation of 1.0 mm, three ex
vivo studies reported a mean apical deviation
of 0.6-1.2 mm, and six in vivo studies reported
an apical deviation of 0.95-4.5 mm. Turbush
[7] observed the accuracy of implant place-
ment using the three types of surgical guides in
vitro and found a mean angular deviation of 2.2
+ 1.2. The mean deviations in position were
1.18 + 0.42 mm at the neck and 1.44 + 0.67
mm at the apex for all 150 implants [7].

Errors include those caused by the CT proce-
dure, including the steps of image acquisition
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and data processing [16-18], those caused by
the type of guide, and potential mechanical
errors [19]; these errors, along with those relat-
ed to manufacturing and fixation of the surgical
guide, may result in deviation. Cassetta found
that guide fixation (fixed vs movable), support-
ing arch (maxilla vs mandible), and bone densi-
ty also influenced intrinsic errors, during an
assessment of the clinical relevance of poten-
tial mechanical errors in SLA surgical tem-
plates. The use of fixed surgical guide results in
better accuracy compared with the use of mov-
able surgical guides. When an SLA surgical
guide was used in the maxilla, the positional
accuracy was significantly better than that
when the guide was used in the mandible [19].
However, Vieira’s study showed mean position-
al deviations at the cervical, middle, and apical
implant portions of 2.17 + 0.87, 2.32 + 1.52,
and 2.86 + 2.17 mm, respectively, in the max-
illa and 1.42 + 0.76, 1.42 + 0.76, and 1.42 +
0.76 mm, respectively, in the mandible. The
angular deviations were 1.93 £ 0.17° and 1.85
+ 0.75° in the maxilla and mandible, respec-
tively. Although the positional deviations dif-
fered significantly between arches, the angular
deviation did not [20]. There was a significant
linear correlation between the angular devia-
tion and bone density at the implant level.
Furthermore, a mean intrinsic error of 2.57 was
mathematically determined after considering
only the angular deviation, which was not influ-
enced by other variables [19]. The intrinsic
error was a significant factor among all the vari-
ables that could potentially affect the accuracy
of computer-aided implant placement.

While the risk of deviation and errors remains,
CAD/CAM surgical guides have led to optimal
clinical results because of the efficacy and
ease-of-use of this technology [16, 21, 22].
Compared with conventional implantation tech-
niques, the use of CAD/CAM surgical guides
result in improved precision in terms of posi-
tion, angulation, and depth of implant place-
ment. One limitation is the radiation exposure
during pre- and postoperative CT scanning,
which is required to evaluate the precision of
planned and placed implants. Clinicians should
carefully assess any risks to patients before
surgery.

Conclusions
The findings of our study suggest that CAD/

CAM surgical guides can improve the precision

Int J Clin Exp Med 2015;8(6):8442-8449
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of dental implant placement. Tooth-supported
surgical guides may be more accurate than
mucosa-supported guides, while partially guid-
ed templates can provide the same outcomes
as totally guided templates, thus simplifying
the surgical procedure.
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