
Accuracy of Two Stereolithographic Surgical
Templates: A Retrospective Studycid_369 448..459

Michele Cassetta, DDS, PhD;* Matteo Giansanti, DDS;† Alfonso Di Mambro, DDS;† Sabrina Calasso, DDS;‡

Ersilia Barbato, DDS, MS§

ABSTRACT

Background: The use of computer software and stereolithography for dental implant therapy has significantly increased
during the last few years. The aim of this study was to evaluate and compare the mean accuracy and maximum deviations
values of dental implant placement using two stereolithographic (SLA) guide systems.

Materials and Methods: Twenty patients were selected and 227 implants were inserted using bone-, tooth- and mucosa-
supported SLA surgical guides. Thirty-one guides, both single- and multiple-type, were used. Some of the single-type
surgical guides were fixed with osteosynthesis screws. A postoperative computer tomography (CT) was performed and an
iterative closest point algorithm was used to match the jaw of the CT preoperative with the jaw of the postoperative CT.
Quantitative data of each group were described. The t-test was used to determine the influence of the utilization of the
different types of SLA on accuracy values.

Results: t-Test demonstrated a better accuracy of the multiple-type guides in almost all deviation values when the mucosa-
supported guides were considered. Regarding the bone-supported template, the single-type fixed group showed a better
accuracy while the highest values of deviation were registered by the multiple-type guides. The single-type group showed
a better accuracy when the tooth support was considered.

Conclusions: The results of the present study indicated best accuracy of the single-type guide using a bone or tooth support.
The multiple-type guide recorded the best accuracy data when the mucosa support was considered comparing either a fixed
and a not-fixed single-type guide.

KEY WORDS: accuracy implant placement, computer-assisted, dental implants, guided surgery, stereolithographic sur-
gical guide

Technological progress is significantly influencing

implant therapy. Recent improvement in technol-

ogy has made it possible to use computers not only

during the planning of surgical implant placement but

also in the subsequent phases, such as implant site

preparation and guided insertion.1

Up to now, “double-purpose templates” have been

used for both patient radiographic examination and

evaluation and for surgery and placement of the

implants.2

However, with this kind of preoperative planning,

the third dimension of the patient’s anatomy results is

missing.3 Using this method, the final position of the

implant does not allow one to meet the principles of

“prosthesis-driven implantology.”4,5

This methodology, which considers not only the

presence of bone structure but also the position of

the teeth, combines both functional and aesthetic

requirements.

To overcome these limitations, computer tomogra-

phy (CT), three-dimensional implant planning soft-

ware, image-guided template production techniques
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and computer-aided implantology (CAI) have been

introduced.6

The extremely rapid development of this technol-

ogy, however, has led to unrealistic clinical expectations

for the efficacy and ease of use of the CAI.1

The most recent systematic review papers3,7,8 indi-

cate that substantial deviations in three-dimensional

directions are found between virtual planning and

placed implant position.7 This finding together with

a considerable number of reported technique-related

perioperative3 and postsurgical complications leads to

the conclusion that care should be taken whenever

applying this technique on a routine basis.3

The aim of the present study is to evaluate and

compare the mean accuracy and maximum deviations

values of two stereolithographic (SLA) surgical guides:

• A multiple-type SLA surgical guide (SurgiGuide®,

Materialise Dental, Leuven, Belgium): dental

implant positioning is “partially” guided; only

osteotomy sites are prepared using sequential,

removable surgical drilling guides.9

• A single-type SLA surgical guide (External Hex

SAFE®, Surgiguide, Materialise Dental): dental

implant positioning is “totally” guided; one guide is

used for osteotomy site preparation as well as

implant insertion.9

MATERIALS AND METHODS

Twenty patients, partially (first Kennedy Class) or

totally edentate, who needed an implant prosthetic

rehabilitation, were selected at the “Sapienza” Univer-

sity of Rome, Department of Oral and Maxillofacial

Sciences. The average age of the patients was 55 years

with a sex ratio of 3:2 (male/female). Patients with

unhealthy systemic health status, parafunctional habits

(i.e., bruxing), poor oral hygiene, severe alveolar bone

deficiencies (e.g., needing a graft bone for the implant

recipient site), uncontrolled diabetes, current irradia-

tion to the head or neck, psychological disorders, and

abuse of alcohol and tobacco (evidence of heavy

smoking: >10 cigarettes per day), or drug use were

excluded. All patients consecutively treated with CAI

between February 2004 and February 2010 were

included in this retrospective study. The study was

approved by the local ethical committee and conducted

in accordance with the Helsinki Declaration of 1975 as

revised in 2000.

All the patients were informed of the study protocol

and signed an informed consent form. The surgical

interventions were performed by the same operator who

performed the virtual surgical planning (MC) using an

implant planning software (SimPlant®, Materialise

Dental). The attending clinician was an expert in

implant dentistry but not in CAI. The protocol

employed in this clinical study was composed of an inte-

grated treatment sequence that involved the following

steps:

1. Construction of a radiopaque diagnostic template,

the so-called scanno-guide, which was an exact

replica of the temporary removable prosthesis,

partial or total, accepted by the patient that

answered to the aesthetic and functional

requirements.10

2. CT scan of the patient’s arch, performed with spiral

CT devices (Asteion Multi, Toshiba Medical

Systems, Rome, Italy). The scans included the

scanno-guide of the patients’ prosthesis to integrate

the anatomic data with the functional and esthetic

determinants.

3. Digital three-dimensional CT-based surgical plan-

ning. The computer program employed in the

present study uses the original CT data, in Digital

Imaging and COmmunication in Medicine

(DICOM) format, to produce axial, three-

dimensional, panoramic, and cross-sectional

images, all of which are visible at the same time in

four interactive windows on a computer monitor.

With this software, implants are virtually placed

according to bone anatomy and prosthetic design.

4. Computer-aided design (CAD) of SLA surgical

guide; the clinician in the CAD environment

designs the drilling template according to the

patient’s prosthetic and anatomical requirements.

5. Computer-aided manufacturing of SLA surgical

guide to transfer the digital planning to the surgical

environment. The surgical guides were classified in

accordance to the type of supporting anatomic

structure (bone, mucosa, teeth). In all cases, the

teeth-supported guides used were free-ending tem-

plates and were seated and stabilized with the

help of natural teeth. The bone-supported guides

required an open flap reflection. The mucosa

and teeth-supported guides permitted a flapless/

transmucosal approach.
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In 10 patients (group A), a multiple-type SLA

surgical guide was used (15 templates; 116

implants). The surgical guides were employed in

each patient to accommodate the three specified

drills of increasing diameters used for osteotomy

preparation. No stabilization screws were used.

Countersinking was not performed. Fixtures were

then inserted without the surgical guide (Figure 1).

A single-type SLA surgical guide was used for

another 10 patients (16 templates; 111 implants).

This completely guided implant system allowed for

controlled osteotomy site preparation and implant

placement in three dimensions. Specific cylinders

are embedded within the acrylic resin guide to

accommodate drill handles or implant mounting

that intimately engage the cylinders. The first drill

used is a mucotome, with an outer diameter of

4.00 mm to punch and remove gingival soft tissue.

In some cases, the bone- or mucosa-supported

template, after punching the gingival tissues, was

properly fixed to the jaw (group B1: single type –

fixed guide) using at least three fixation screws

Figure 1 A, Treatment planning and virtual implant placement using 3D computer simulation software and CT scans, according to
bone anatomy and prosthetic design. B,C,D, The multiple-type SLA surgical templates, teeth-supported, including successive drill
tubes prepared according to the implant system’s surgical drill diameters. The inner diameter of the tube ranged from 2.00 mm to
3.7 mm. E, Intraoral image of the partially edentulous patient who required the extraction of 3.4, 3.5, 4.4, 4.5 and the insertion of
seven implants in healthy post-extractive sites. F, The patient after extractions. G, The positioning of the first multiple type SLA
surgical template with an inner tube diameter of 2.2 mm. H, Implants placed, the implant stability was evaluated using the resonance
frequency analysis.
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(Figure 2). In the other cases, the surgical template

was manually held in place by the surgeon (group

B2: single type – not fixed guide) (Figure 3).

Osteotomy site-specific drills with vertical stops

to control apico-coronal site preparation were then

used. Only two size types of single-use drills with

physical stops were used: pilot drill (diameter

2.00 mm [top]/2.80 mm [bottom]) and final drill

(diameter 3.15 mm [top]/2.80 mm [bottom]).

Countersinking was not performed.

Implant placement was performed using spe-

cific delivery mounts (implant holder: length from

4 mm to 15 mm) to a controlled angulation and

apico-coronal depth, which was set by the comput-

erized three-dimensional plan.

6. Computer-aided surgery: 227 implants (P1H,

Plan 1 Health-Amaro, Udine, Italy), cylindrical,

with an external hexagon (diameter ranging from

3.75 mm to 4.00 mm and length ranging from

10 mm to 18 mm) were inserted in partially

Figure 2 A, A mucosa-supported single-type SLA surgical template for the insertion of eight implants and three fixation screws in a
completely edentulous patient. B, The tissue punch before surgical template fixing. C, Site preparation of the fixing screw using a 2.00
mm diameter drill. D, The implant sites preparation using drills with physical stops. E, The mechanical implant insertion using
specific delivery mounts. F, Implant holders of different lengths have allowed the insertion of the implants to a controlled angulation
and apico-coronal depth. G, The absence of bleeding after removal of the surgical guide. H, The matching procedure with 3D
simulation software; planned implants are represented in brown and placed implants are represented by various color.
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and completely edentulous patients using SLA

templates.

7. As described by D’Haese and colleagues,11 a postop-

erative CT was undergone by all patients and an

iterative closest point algorithm was used to match

the jaw of the CT preoperative with the jaw of the

postoperative CT (the software runs until it finds

the best overlap between the images of preoperative

and postoperative jaws) (Figure 4A). This allowed

a comparison of the planned implants with the

placed ones (Figure 4B) and the determination and

calculation of four parameter deviations (i.e., global

apical and coronal, depth, lateral, and angular

deviation) by using their three-dimensional coordi-

nates at apical and coronal level11 (Figure 4C). All

parameters except the angular deviation were deter-

mined for both the coronal and the apical centers.11

The global deviation was defined as the three-

dimensional distance between the coronal (or

apical) center of the corresponding planned and

Figure 3 A, The surgical planning of the insertion of three mandibular implants using the SimPlant® software. On the computer
monitor are visible, in four interactive windows, axial, 3D, panoramic and cross-sectional images. B, The planned implants in a 3D
image; using this software, it is easy to highlight the course of the mandibular nerve. C, The project of the bone-supported
single-type SLA surgical template in CAD. D, The CAD-CAM bone-supported single-type SLA surgical template and the SLA model
of the lower jaw. E, The positioning of the bone-supported surgical template after the incision and the raising of a muco-periosteum
flap. Fixing screws were not used. F, The implant site preparation using site-specific drills with vertical stop. G, The implants
insertion using the implant holders. H, The implants placed.
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placed implants (Figure 4C). Next, the angular

deviation was calculated as the three-dimensional

angle between the longitudinal axis of the planned

and placed implant11 (Figure 4C). To establish the

lateral deviation, a plane perpendicular to the lon-

gitudinal axis of the planned implant and through

its coronal center was defined and was referred to as

the reference plane.11 The lateral deviation was cal-

culated as the distance between the coronal center

of the planned implant and the intersection point of

the longitudinal axis of the placed implant with the

reference plane11 (Figure 4C). The depth deviation

was calculated as the distance between the coronal

center of the planned implant and the intersection

point of the longitudinal axis of the planned

implant with a plane parallel to the reference plane

and through the coronal center of the placed

implant11 (Figure 4C).

Statistical Analysis

Data were evaluated using a statistical analysis software

(SPSS®, Statistical Package for Social Science, IBM

Corporation, Armonk, NY, USA).

Quantitative data of each group were described

with frequency distribution, mean values, standard

deviations, and median values. Accuracy data were illus-

trated using box plots.

The t-test was used to determine the influence of the

utilization of the different types of multiple-type guides

(mucosa-, teeth-, bone-supported) or single-type guides

(fixed mucosa-supported, fixed bone-supported, not-

fixed mucosa-supported, not-fixed bone-supported,

teeth-supported) on accuracy values. The significance

was set at p 2 .05.

Scatter plot was used to evaluate intra-operator

variability of accuracy and to determine whether a

learning curve was present. The deviation values for

every group were regressed versus time (number of

computer-guided surgery performed). Once again, sig-

nificance threshold values were set to “p 2 .05.”

RESULTS

Patients and Implants

In group A, the number of CAI interventions was 14,

totaling 116 planned and inserted implants.

In group B1, the number of CAI interventions was

eight, totaling 57 planned and inserted implants, and in

group B2, there were eight CAI interventions, with 54

planned and inserted implants.

Figure 4 The match between the virtually planned and the in vivo placed implants. A, Three-dimensional evaluation of global apical
and coronal, depth, lateral and angular deviation. B, Overlap between the images of pre- and post-operative jaws. C, Overlap between
placed and planned implants.
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There was no anesthesia, paresthesia, abnormal

hemorrhages, sinus pathologies, or complication related

to inaccurately placed implants.

Patient and treatment characteristics of the 20

adults included in this study, divided in the single

groups, are summarized in Table 1.

Accuracy

Group A. A total of 116 implants were available for a

comparison of accuracy via image registration tech-

nique. The global (coronal and apical), angular, depth,

and lateral deviations were determined.

Mean global deviation between planned and placed

implants at the coronal and apical ends of the implants

were 1.47 mm (range: 3.88–0.17; SD: 0.68) and 1.83 mm

(range: 6.41–0.07; SD: 1.03), respectively. The mean

angular deviation was 5.09 degrees (range: 21.16–0.10;

SD: 3.70), the mean depth deviation was 0.98 (range:

3.53–0.02; SD: 0.71), and the mean lateral deviation was

0.97 (range: 3.15–0.08; SD: 0.52).

Group B1. A total of 57 implants were available for a

comparison of accuracy via image registration tech-

nique; the global (coronal and apical), angular, depth,

and lateral deviations were determined.

In group B1 (57 implants; eight templates), the

mean global deviation between planned and placed

implants at the coronal and apical ends of the implants

were 1.49 mm (range: 3.00–0.13; SD: 0.63) and 1.90 mm

(range: 3.98–0.44; SD: 0.83), respectively. The mean

angular deviation was 3.93 degrees (range: 14.34–0.28;

SD: 2.34), the mean depth deviation was 0.85 (range:

2.29–0.03; SD: 0.63), and the mean lateral deviation was

1.04 (range: 2.57–0.12; SD: 0.64).

Group B2. In group B2 (54 implants; eight templates),

the mean global deviation between planned and placed

implants at the coronal and apical ends of the implants

were 1.55 mm (range: 2.79–0.13; SD: 0.59) and 2.05 mm

(range: 4.23–0.34; SD: 0.89), respectively. The mean

angular deviation was 5.46 degrees (range: 15.25–0.10;

SD: 3.38), the mean depth deviation was 0.63 (range:

1.58–0.05; SD: 0.43), and the mean lateral deviation was

2.05 (range: 4.23–0.34; SD: 0.89).

The deviation values, as clearly demonstrated by

box plots (Figure 5), are similar for each group and do

not indicate a higher accuracy value for any data type.

Paired comparisons (t-test) between the different

mucosa-supported guides demonstrate better accuracy

of group A guides versus group B1 guides with a

TABLE 1 Patient and Treatment Characteristics

Templates

Single-Type Guide Not Fixed Single-Type Guide Fixed Multiple-Type Guide

Average age of patients 55 58 54

Number of implants 54 57 116

Number of
Templates

Number of
Implants

Number of
Templates

Number of
Implants

Number of
Templates

Number of
Implants

Sex

Male 3 27 8 57 7 66

Female 5 27 – – 8 50

Type of edentulism

Total 4 37 8 57 10 88

Partial 4 17 – – 5 28

Arch

Upper arch 3 29 5 39 8 67

Lower arch 5 25 3 18 7 49

Surgical technique

Flapless 5 45 7 48 11 94

Open flap 3 9 1 9 4 22
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Figure 5 The accuracy data is illustrated using box-plots showing median, quartile, and extreme values of deviation, it is possible to
point out the absence of large variations between different groups: A, global coronal deviation; B, global apical deviation; C, angular
deviation; D, depth deviation; E, lateral deviation.
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statistically significant difference when coronal

(p = .004), apical (p = .010), and lateral (p = .027) devia-

tion are considered (Table 2).

Group A guides also demonstrate a better accuracy

versus group B2 guides with statistically significant dif-

ference when coronal (p = .004), angular (p = .045),

apical (p = .001), and lateral (p = .000) deviations are

considered. (Table 2).

The t-test shows a better accuracy of group

B1 guides versus group B2 guides with statistically

significant differences when angular (p = .033)

and lateral (p = .017) deviations are considered

(Table 2).

Regarding the bone-supported templates, group B1

guides show better accuracy compared with group A

guides, with statistically significant differences in all

deviation values; comparing group B2 guides with

group A guides, the former shows a better accuracy with

statistically significant difference only when the depth

deviation value is considered (p = .026). Group B1

guides show a better accuracy compared with group B2

guides with statistically significant when considering

coronal (p = .005), angular (p = .010), and lateral

(p = .002) deviations (Table 3).

The single-type guide shows better accuracy when

the tooth support is considered with statistically signifi-

cant differences in coronal (p = .012) and depth devia-

tions (p = .032). All single-type tooth-supported guides

were not fixed (Table 4).

Correlating the angular deviation values with time

variable, indicating the number of computer-guided

surgeries performed by the surgeon, the intra-operator

variability analysis did not indicate a clear learning

curve. In the scatter plots, the clusters shaped by the

values of the 227 implants inserted from 2004 to 2010

appeared completely dispersed on the graph, indicating

an absence of a linear association between them. Con-

sequently, the time variable was evaluated as having a

minor impact (Figure 6).

DISCUSSION

In recent years, CAI has helped to avoid anatomical

complications using a minimal invasive surgery and a

very accurate placement of oral implant and to achieve

the immediate loading of the implants using a prefabri-

cated fixed prosthetic reconstruction.12 However, the

risk of deviation using SLA guides for the placement of

dental implants is substantial.

TABLE 2 t-Test between the Mucosa-Supported Templates of the Three Groups

Mucosa-Supported Template

Single-Type Guide Not Fixed
versus Multiple-Type Guide

Single-Type Guide Not Fixed
versus Single-Type Guide Fixed

Multiple-Type Guide versus
Single-Type Guide Fixed

Sig. (p) Difference SD Sig. (p) Difference SD Sig. (p) Difference SD

Coronal deviation (mm) .004 0.33 0.11 .871 0.020 0.12 .004 -0.30 0.10

Angular deviation (deg) .045 1.18 0.58 .033 1.27 0.58 .836 0.10 0.49

Apical deviation (mm) .001 0.58 0.17 .259 0.20 0.18 .010 -0.38 0.14

Lateral deviation (mm) .000 0.55 0.01 .017 0.33 0.14 .027 -0.22 0.10

Depth deviation (mm) .105 -0.17 0.10 .027 -0.27 0.12 .369 -0.01 0.11

TABLE 3 t-Test between the Bone-Supported Templates of the Three Groups

Bone-Supported Template

Single-Type Guide Not Fixed
versus Multiple-Type Guide

Single-Type Guide Not Fixed
versus Single-Type Guide Fixed

Multiple-Type Guide versus
Single-Type Guide Fixed

Sig. (p) Difference SD Sig. (p) Difference SD Sig. (p) Difference SD

Coronal deviation (mm) .895 -0.03 0.27 .005 0.80 0.25 .001 0.84 0.23

Angular deviation (deg) .679 -0.79 1.90 .010 4.70 1.60 .003 5.49 1.67

Apical deviation (mm) .957 -0.01 0.29 .115 0.73 0.43 .030 0.74 0.33

Lateral deviation (mm) .141 0.38 0.25 .002 0.82 0.22 .050 0.44 0.28

Depth deviation (mm) .026 -0.59 0.25 .557 0.12 0.20 .006 0.71 0.24
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Many methods have been used to measure devia-

tions, both analog and digital, complicating the com-

parison between the results obtained by various authors.

Komiyama and colleagues13 recently described a

model matching method for assessment of accuracy in

order to eliminate from the results the influence of the

patient’s movement during the CT scan14 and the exces-

sive exposure of radiation on the patient. The authors13

compared two plaster models, one created from the sur-

gical template and the other made from impressions on

coping attached to the implants in patients at 31-year

follow-up, but further refinement of the method is

required to minimize the errors that arise during the

matching procedure due to the absence of reference

points.13

Up to now, the CT matching technique is the

most common method used to evaluate the positional

deviation between the virtually planned and clinically

inserted implants.

Taking into consideration only the deviation data

obtained from those clinical studies that used an image-

processing software to match preoperative planning

with postoperative images, the results are poor.

In a clinical study, Ozan and colleagues15 described

the use of an SLA guide in the insertion of 110 implants.

The preoperative and postoperative CT images were

fused using a three-dimensional software to compare

the locations and axes of planned and placed implants.

After the matching procedure, the angular deviations of

the placed implants with the tooth-, bone- and mucosa-

supported SLA surgical guides were 2.91 degrees

1 1.3 degrees, 4.63 degrees 1 2.6 degrees, and 4.51

degrees 1 2.1 degrees, respectively. The mean deviations

in distance between the planned and placed implants at

neck and apex were 0.87 1 0.4 mm and 0.95 1 0.6 mm

for the tooth-supported, 1.28 1 0.9 mm and 1.57 1

0.9 mm for the bone-supported, and 1.06 1 0.6 mm and

1.6 1 1 mm for the mucosa-supported SLA surgical

guides.

Accuracy data regarding multiple-type guides were

described by Valente and colleagues16

Eighty-nine implants were compared via the image

registration technique. Mean lateral deviations between

planned and placed implants at their coronal and apical

ends were 1.4 mm and 1.6 mm, respectively. The mean

depth deviation was 1.1 mm, and the mean angular

deviation was 7.9 degrees.16

Comparable data were reported by Arisan and col-

leagues17 The authors reported the deviation data of 279

implants placed by multiple or single bone-, tooth-, and

mucosa-supported SLA surgical guides.14 Considering

the bone-supported guides, the mean deviation values

were 5 degrees 1 1.66 degrees and 4.73 degrees 1 1.28

degrees angular, 1.70 1 0.52 mm and 1.56 1 0.25 mm at

the implant shoulder, and 1.99 1 0.64 mm and 1.86 1

0.4 mm at the implant tip for multiple and single SLA

surgical guides, respectively.17 There was no statistically

significant difference in the angular and linear deviation

between the two system bone-supported guides.

Regarding the mean deviation values of implants

placed using tooth-supported guide, single or multiple,

the same authors17 revealed that the angular deviation

was 3.5 degrees 1 1.38 degrees and 3.39 degrees 1 0.84

degrees, and the linear deviation was 1.31 1 0.59 mm

and 0.81 1 0.33 mm at the implant shoulder and 1.61

1 0.54 mm and 1.01 1 0.4 mm at the implant tip,

respectively.

TABLE 4 t-Test between the Teeth-Supported
Templates of the Two Groups

Teeth-Supported Template

Single-Type Guide versus
Multiple-Type Guide

Sig. (p) Difference SD

Coronal deviation (mm) .012 -0.98 0.36

Angular deviation (deg) .269 -1.53 1.34

Apical deviation (mm) .078 -1.22 0.66

Lateral deviation (mm) .062 -0.39 0.19

Depth deviation (mm) .032 -0.91 0.39

Figure 6 Scatter plots depicting the fitted learning curve
regarding angular deviation (time indicates the number of
computer-guided surgery performed by surgeon). The value of
R2 (linear regression) points out the absence of a linear
association and a low impact of the time variable on the
angular deviation values.
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Linear deviation differences for implants placed

using multiple and single SLA tooth-supported surgical

guides were statistically significant.17

The mean angular and linear deviations of implants

that were placed using multiple mucosa-supported

guides were 4.23 degrees 1 0.72 degrees and 1.24 1

0.51 mm at the implant shoulder and 1.4 1 0.47 mm at

the tip, respectively.17 A smaller angular and linear devia-

tion were observed for single mucosa-supported guides

(2.9 degrees 1 0.39 degrees and 0.7 1 0.13 mm at the

implant shoulder and 0.76 1 0.15 mm at the implant

tip), which differed significantly from the other guides.17

The smallest deviations were observed by Arisan

and colleagues17 for implants placed using “a single” SLA

mucosa-supported guide as a result of the lack of inter-

ference or slight guide movements in fully edentulous

cases in which the guides were firmly fixed by osteosyn-

thesis screws.17

The use of a single guide throughout an osteotomy

of a specific drill kit and the integration of a depth-

control mechanism has been recommended by the

same authors to reduce deviations and to ensure a safe

osteotomy and accurate positioning of the implants.17

D’Haese and colleagues,11 in a prospective clinical

study on the accuracy of a “single” mucosa-supported

SLA surgical guide used in fully edentulous maxillae,

described the deviation values measured between 77

planned and placed implants. The authors used a soft-

ware (Mimics®, Materialise) to fuse the images of the

virtually planned and actually placed implants. The

global coronal deviation ranged from between 0.29 mm

and 2.45 mm (SD: 0.44 mm), with a mean of 0.91 mm;

the mean angle deviation was 2.60 degrees (range 0.16–

8.86 degrees; SD: 1.61 degrees); the mean apical devia-

tion was 1.13 mm (range 0.32–3.01 mm; SD: 0.52 mm).

The authors asserted that the deviation values of the

study were somewhat lower than previously published

because only full, mucosa-supported guides were used.

These guides, in fact, covering a maximum of soft

tissues, increased the fit and were in addition properly

fixed onto the supporting soft tissues using sufficient

fixation screws.

As stated by other authors,17 the results of the

present study show a better accuracy of the single-type

guide, fixed with osteosynthesis screws, compared with

single-type guide not fixed, using any type of support.

These results probably arise by the lack of interfer-

ence or slight guide movements when the guide is firmly

fixed by screws, but the data that contrast with the

results of previous studies are a greater accuracy of

multiple-type guide when considering the mucosal

support.

As stated by Valente and colleagues,16 CAI involves

a sequence of diagnostic and therapeutic events, and

error can arise at different stages. Therefore, the

described cumulative loss of accuracy is indeed the

sum of individual errors. One of these is the mechani-

cal error caused by the bur-cylinder gap, which can be

defined as an intrinsic error of the surgical guide. The

multiple-type surgical guide used in the present study

is equipped with 5-mm long guiding cylinders with an

inner diameter that is 0.15 to 0.20 mm larger than

the respective bur. This tolerance theoretically allows

a deviation angle of approximately 2.29 degrees,

which at a hypothetical distance of 20 mm from the

cylinder results in a lateral deviation of approximately

1 mm.16

The single-type surgical guide is a completely

guided implant system that allows a controlled

osteotomy site preparation and the implant placement

in three dimensions. Specific cylinders (master tubes)

are embedded within the acrylic resin guide to accom-

modate drill handles or implant mounting that closely

engage the cylinders.

To determine mathematically the intrinsic error of

the single-type surgical guide, it is necessary to consider

the tolerance between the master tube of the guide, the

internal tube, and the drills.

The master tube is a 5-mm long cylinder with an

inner diameter of 4.2 mm; inserted into this cylinder is

the internal tube that is a drill-guiding cylinder with an

external diameter that is 0.2 mm smaller than the master

tube. This is the first tolerance.

A second factor that must be taken into consider-

ation is the tolerance between the internal tube (with an

inner diameter of 3.2 mm) and the drills and likewise,

between the internal tube and the implant holder.

The presence of these tolerances may explain the

data in the present study; in fact this tolerance among

the various components of the single-type of surgical

guides may cause a decrease in accuracy.

Despite the risk that deviation using SLA guides for

the placement of dental implants could be substantial, as

demonstrated by the present and other studies, the

three-dimensional approach, using surgical templates,

defined by Fortin and colleagues18 as semi-active
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systems, provides good predictability regarding ana-

tomic complications and implant sizes.

CONCLUSIONS

The deviations between the planned and placed implant

is the sum of the cumulative errors throughout the

computer-aided implant placement cascade and errors

can arise at different stages.

The results of the present study indicate a best accu-

racy of SLA single guide when a bone or tooth support

was chosen.

The multiple SLA guide recorded the best accuracy

data when the mucosa support was considered compar-

ing either a fixed and a not-fixed “single” guide.

These findings contrast with the reasonable evi-

dence that when a single SLA mucosa-supported guide

was used, there was a lack of interference and/or limited

movements of the guides (firmly fixed by osteosynthesis

screws) in fully edentulous cases. However, a critical

phase is the proper guide positioning in the mouth, and

an error could arise when the guide is fixed.

Another source of inaccuracy is then the mechanical

error caused by the gap between the different compo-

nents of single-type SLA surgical templates, which can

be defined as an intrinsic error, which could explain the

lower accuracy of the single guides mucosa-supported.

REFERENCES

1. Hämmerle CHF, Stone P, Jung RE, Kapos T, Brodala N.

Consensus statements and recommended clinical proce-

dures regarding computer-assisted implant dentistry. Int J

Oral Maxillofac Implants 2009; 24(Suppl):126–129.

2. Çehreli MC, Aslan Y, Sahin S. Bilaminar dual-purpose stent

for placement of dental implants. J Prosthet Dent 2000;

84:55–58.

3. Schneider D, Marquardt P, Zwahlen M, Jung RE. A system-

atic review on the accuracy and the clinical outcome of

computer-guided template-based implant dentistry. Clin

Oral Implants Res 2009; 20:73–86.

4. Becker CM, Kaiser DA. Surgical guide for dental implant

placement. J Prosthet Dent 2000; 83:248–251.

5. Almog DM, Torrado E, Meitner SW. Fabrication of imaging

and surgical guides for dental implants. J Prosthet Dent

2001; 85:504–508.

6. Azari A, Nikzad S. Computer-assisted implantology: histori-

cal background and potential outcomes – a review. Int J Med

Robot 2008; 4:95–104.

7. D’Haese J, Van De Velde T, Komiyama A, Hultin M,

De Bruyn H. Accuracy and complications using

computer-designed stereolithographic surgical guides for

oral rehabilitation by means of dental implants: a review of

the literature. Clin Implant Dent Relat Res 2010. DOI:

10.1111/j.1708-8208.2010.00275.x [Epub ahead of print].

8. Jung RE, Schneider D, Ganeles J, et al. Computer technology

applications in surgical implant dentistry: a systematic

review. Int J Oral Maxillofac Implants 2009; 24(Suppl):92–

109.

9. Mandelaris GA, Rosenfeld AL, King SD, Nevins ML.

Computer-guided implant dentistry for precise implant

placement: combining specialized stereolithographically

generated drilling guides and surgical implant instrumenta-

tion. Int J Periodontics Restorative Dent 2010; 30:274–281.

10. Tardieu P, Vrielinck L, Escolano E. Computer-assisted

implant placement. A case report: treatment of the man-

dible. Int J Oral Maxillofac Implants 2003; 18:599–604.

11. D’Haese J, Van De Velde T, Elaut L, De Bruyn H. A prospec-

tive study on the accuracy of mucosally supported stere-

olithographic surgical guides in fully edentulous maxillae.

Clin Implant Dent Relat Res 2009. DOI: 10.1111/j.1708-

8208.2009.00255.x [Epub ahead of print].

12. Van Steenberghe D, Glauser R, Blombäck U, et al. A

computer tomographic scan-derived customized surgical

template and fixed prosthesis for flapless surgery and imme-

diate loading of implants in fully edentulous maxillae: a

prospective multicenter study. Clin Implant Dent Relat Res

2005; 7(Suppl 1):111–120.

13. Komiyama A, Pettersson A, Hultin M, Näsström K, Klinge B.

Virtually planned and template-guided implant surgery: an

experimental model matching approach. Clin Oral Implants

Res 2010; 22:308–313.

14. Pettersson A, Komiyama A, Hultin M, Näsström K, Klinge B.

Accuracy of virtually planned and template guided implant

surgery on edentate patients. Clin Implant Dent Relat Res

2010. DOI: 10.1111/J.1708-8208.2010.00285.x [Epub ahead

of print].

15. Ozan O, Turkyilmaz I, Ersoy AE, McGlumphy EA, Rosenstiel

SF. Clinical accuracy of 3 different types of computed

tomography-derived stereolithographic surgical guides in

implant placement. J Oral Maxillofac Surg 2009; 67:394–401.

16. Valente F, Schiroli G, Sbrenna A. Accuracy of computer-

aided oral implant surgery: a clinical and radiographic study.

Int J Oral Maxillofac Implants 2009; 24:234–242.

17. Arisan V, Karabuda ZC, Özdemir T. Accuracy of two stere-

olithographic guide system for computer-aided implant

placement: a computed tomography-based clinical com-

parative study. J Periodontol 2010; 81:43–51.

18. Fortin F, Champleboux G, Bianchi S, Buatois H, Courdet JL.

Precision of transfer of preoperative planning for oral

implants based on cone-beam CT-scan images through a

robotic drilling machine. An in vitro study. Clin Oral

Implants Res 2002; 13:651–656.

Multiple Type Guides versus Single Type Guides 459



Copyright of Clinical Implant Dentistry & Related Research is the property of Wiley-
Blackwell and its content may not be copied or emailed to multiple sites or posted to a listserv
without the copyright holder's express written permission. However, users may print,
download, or email articles for individual use.


