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ABSTRACT

Background: In the last decade several stereolithographic guided surgery systems were introduced to the market. In this
context, scientific information regarding accuracy of implant placement and surgical and prosthodontical complications is
highly relevant as it provides evidence to implement this surgical technique in a clinical setting.

Purpose: To review data on accuracy and surgical and prosthodontical complications using stereolithographical surgical
guides for implant rehabilitation.

Material and Methods: PubMed database was searched using the following keywords: “three dimensional imaging,” “image
based surgery,” “flapless guided surgery,” “customized drill guides,” “computer assisted surgery,” “surgical template,” and
“stereolithography.” Only papers in English were selected. Additional references found through reading of selected papers
completed the list.

Results: In total 31 papers were selected. Ten reported deviations between the preoperative implant planning and the
postoperative implant locations. One in vitro study reported a mean apical deviation of 1.0 mm, three ex vivo studies a
mean apical deviation ranging between 0.6 and 1.2 mm. In six in vivo studies an apical deviation between 0.95 and 4.5 mm
was found. Six papers reported on complications mounting to 42% of the cases when stereolithographic guided surgery was
combined with immediate loading.

Conclusion: Substantial deviations in three-dimensional directions are found between virtual planning and actually
obtained implant position. This finding and additionally reported postsurgical complications leads to the conclusion that
care should be taken whenever applying this technique on a routine basis.
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INTRODUCTION

Osseointegration of dental implants has shown to be

predictable provided adequate surgical and prosthetic

handling.1 Thorough presurgical planning is a prerequi-

site for a successful treatment outcome2 and includes

anatomical as well as prosthetic considerations to pre-

cisely position the implants. Conventional periapical

and panoramic imaging techniques combined with

visual inspection and clinical palpation may be insuffi-

cient to obtain the best presurgical planning in complex

or compromised cases. Three-dimensional imaging

techniques3 may add an extra dimension to routinely

available preoperative radiographs. This can be espe-

cially useful as they provide more detailed information

regarding bone volume, bone quality or anatomical

restrictions.4 Data obtained by computed tomography

(CT), cone beam computed tomography (CBCT) or
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magnetic resonance imaging can be processed in com-

mercially available implant simulation software and

provide a preoperative view of anatomical structures in

the jaw bone related to a scanning template representing

the future restoration.5–9 Hereby it becomes possible to

virtually plan the ideal implant position taking both

anatomical and restorative information into account.5–9

The virtually planned implant position can afterwards

be transferred to the patient and steer the surgical pro-

cedure. The used method should be precise and ensure a

high level of reproducibility. Several software systems

have been developed and are used on a large scale world-

wide. Today, there are three practical ways to apply

this technique in a clinical setting: guided surgery

using drill guides processed by stereolithographic rapid

prototyping,10–14 computer-milled templates,15–17 or

computer navigation systems.18 Computer-milled tem-

plates are fabricated by drilling the final position of the

implants in the scanning template itself using a drilling

machine. Computer navigation systems allow an intra-

operative real-time bur tracking according to the preop-

erative planned trajectory. It is beyond the purpose of

this article to evaluate accuracy in implant placement

using computer-milled templates or computer naviga-

tion systems.

Guided implant surgery can be especially useful in

cases with critical bone volume or anatomy where a

unique and ideal implant location is mandatory for

enhancing esthetics or in cases where implants are

placed with a minimal surgical exposure of bone or even

with a flapless approach. Tables 1 and 2 summarize the

advantages and disadvantages of this technique. Guided

surgery encroaches both anatomical and prosthodonti-

cal considerations and probably facilitates the prosthetic

reconstruction.

A stereolithographic guided surgery system mainly

consists of a stereolithographic surgical guide with

implant system-related mounts for fixture installation,

additional guide sleeves for fixation screw installation,

drill keys of different heights, and depth-calibrated drills

to prepare the osteotomies. A detailed example of one

system is presented in Figure 1. Most systems allow the

fabrication of a skeletal-, dental-, or mucosal-supported

surgical guide. Dental- and mucosal-supported guides

can be useful for application of flapless surgery. This in

contrast with the use of a bone-supported guidance

system where flap surgery remains inevitable. Flapless

implant surgery has the main advantage that the post-

operative discomfort is drastically reduced as shown in a

study of Fortin and coworkers.19 On the other hand, lack

of visibility of anatomical features and critical struc-

tures, such as nerves and blood vessels, imposes careful

implementation of this technique. Additionally, possible

deviations between the preoperative plan and the post-

operative implant location require attention because

they may lead to important clinical consequences. A

study of Van de Velde and coworkers20 reported frequent

perforations when flapless surgery was performed with a

freehanded approach. A flapless guided technique can

offer implant treatment to patients who would be

excluded for conventional implant procedures.

AIM

The aim of the present paper is to scrutinize the

currently available literature regarding accuracy and

surgical and prosthodontical complications using

stereolithographical surgical guides for implant

rehabilitation.

MATERIALS AND METHODS

A literature search was performed including papers from

January 1988 until September 2009. Following keywords

were used in the PubMed search engine: “three dimen-

sional imaging,” “image based surgery,” “flapless guided

surgery,” “customized drill guides,” “computer-assisted

surgery,” “surgical template,” “stereolithography.” Addi-

tional references found through reading of selected

papers completed the list. Only papers in English were

TABLE 1 Advantages of Flapless Guided Surgery

Facilitated surgical procedure

Reduced surgical intervention time

Reduced postoperative sequallea

Treatment of medically compromised (anticoagulantia,

bisfosfonates, etc.) or anxious patients

Avoiding bone grafting procedures

Facilitated immediate loading protocol

TABLE 2 Disadvantages of Flapless Guided Surgery

Lack of visibility and tactile control during surgical

procedure

Insufficient mouth opening jeopardizes surgical procedure

Risk of damaging vital anatomical structures
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selected. The literature search was limited to dental jour-

nals. Table 3 shows a list of used keywords and PubMed

search terms and the corresponding number of hits.

Table 4 lists the additionally searched dental journals.

Table 5 gives an overview of all selected articles. Papers

reporting on computer-milled templates, computer

navigation systems or stereolithographic guides for

placement of orthodontic mini implants are beyond the

purpose of this article and were excluded from the lit-

erature search.

ACCURACY

To evaluate accuracy using guided surgery, the deviation

between the virtual implant planning and the postop-

erative implant position has to be evaluated. It is very

useful in this respect to match a postoperative CT scan

with the preoperative planning. As a consequence, four

deviation parameters can be measured as shown in

Figure 2. These are global deviation and furthermore

angular, depth, and lateral deviation.20 All parameters,

except the angular deviation, are determined for both

the coronal and the apical center. The global deviation is

defined as the 3D distance between the coronal (or

apical) center of the corresponding planned and placed

implants. The angular deviation is calculated as the

three-dimensional angle between the longitudinal axis

of the planned and placed implant. To establish the

lateral deviation, a plane perpendicular to the longitu-

dinal axis of the planned implant and through the
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C  
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Figure 1 Overview of surgical components and instruments used in a stereolithographic guided surgery system (Facilitate™ software
system, Astra Tech AB, Mölndal, Sweden): A, Stereolithographic surgical guide. B, Fixation screw drill. C, Fixation screw. D, Guide
sleeve for fixation screw installation. E, Guide sleeve for fixture installation. F, Drill keys inserted in the guide sleeves to guide drilling
procedure. G, Depth calibrated drills.

TABLE 3 Used PubMed Search Terms and
Corresponding Hits

Keyword Number of Hits

Three-dimensional imaging 1,507

Image based surgery 225

Flapless guided surgery 23

Customized drill guides 2

Computer-assisted surgery 1,345

Surgical template 214

Stereolithography 52

TABLE 4 List of Journals Additionally Searched for
Article Retrieval

The International Journal of Oral and Maxillofacial Implants

Journal of Periodontology

The International Journal of Periodontics and Restorative

Dentistry

Dentomaxillofacial Radiology

Practical Periodontics and Aesthetic Dentistry

Quintessence International

International Magazine of Oral Implantology

Journal of Oral Implantology

Journal of Clinical Periodontology

Clinical Implant Dentistry and Related Research

Clinical Oral Implant Research
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TABLE 5 Articles Published Reporting on Accuracy Using Stereolithographic Surgical Guides

Reference
Study
Design

Concept of the Radiological and/or
Surgical Guide Program Results (Accuracy)

9 Descriptive A radiographic template containing

gutta-percha markers. Surgical

template for transfer of the

CT-based planning to the patient.

Litorim Not reported

12 Ex vivo

Clinical

A stereolithographic technique

generating a jaw bone model and a

surgical guide from the CT data.

Litorim Implant entry: average 0.8 mm

(SD 0.3) max: 1.4 mm. Target

level an average of 0.9 mm (SD

0.3 mm) max: 1.5 mm. Axis:

average: 1.8° (SD 1.0) max 3.8_

24 Ex vivo A stereolithographic technique

generating a jaw bone model and a

surgical guide from the CT data.

Litorim Deviation in angulation: <3° in

4 of 6 cases, max: 3.1°

Maximum deviation at the exit

point: 2.7 mm

13 In vitro A comparison between a

conventional surgical guide and a

customized stereolithographic drill

guide (surgiguide), containing

cylinders with increasing diameter.

Simplant® Deviation at the coronal level:

max: 1.9 mm, on average 0.9 mm

(SD 0.5), at the apical level: max:

2.2 mm, on average 1.0 mm (SD

0.6 mm). Deviation of the angle:

max 6.5°, on average 4.5°(SD 2)

(data surgiguide).

21 Ex vivo Three study groups using different

software planning systems.

Artma virtual

patient™/

RoBoDent®/

Surgiguide®

Artma:

Shoulder global: 1.2 1 0.6 mm

Apex depth: 0.8 1 0.7 mm Axis:

8.1° 1 4.9°

RoBoDent®:

Shoulder global: 1 1 0.5 mm

Apex depth: 0.6 1 0.3 mm Axis:

8.1° 1 4.6°

Surgiguide®:

Shoulder global: 1.5 1 0.8 mm

Apex depth: 0.6 1 0.4 mm Axis:

7.9° 1 5°

14 Ex vivo A stereolithographic technique

generating a surgical guide from

cone beam CT data.

Procera® Linear deviation apex: 2.0 mm

(SD 0.7). Linear deviation hex:

1.1 mm (SD 0.7) angular

deviation: 2° (SD 0.8)

36 Clinical A stereolithographic technique

generating a surgical guide from the

CT data.

Teeth

in-an-hour®

Not reported

37 Clinical A stereolithographic technique

generating a jaw bone model and a

surgical guide from the CT data.

Teeth

in-an-hour®

Not reported

17 Descriptive Radiographic template containing

Radio-opaque markers.

Computer-milled surgical template.

Simplant® Not reported

324 Clinical Implant Dentistry and Related Research, Volume 14, Number 3, 2012



TABLE 5 Continued

Reference
Study
Design

Concept of the Radiological and/or
Surgical Guide Program Results (Accuracy)

25 Clinical Customized stereolithographic drill guide

(surgiguide). Containing cylinders with

increasing diameter to guide the successive

drills.

Simplant® Zygoma: coronal: mean = 2.8 mm,

max: 7.4 mm; apical: mean = 4.5 mm,

max: 9.7 mm. Angle: 5.1° max: 9.0°

Regular: coronal: 1.51 mm, max:

4.7 mm, apical: 3.07 mm, max:

6.4 mm. Angle: 10.46°, max: 21.0°.

Pterygoid: coronal: 3.57 mm, max;

7.8 mm. apical: 7.77 mm, 16.1 mm.

Angle: 10.18°, 18.0°

11,13 Ex vivo A comparison between a conventional

surgical guide and a customized

stereolithographic drill guide (surgiguide),

containing cylinders with increasing diameter.

Simplant® Deviation at the coronal level: max:

1.9 mm, on average 0.9 mm (SD 0.5),

at the apical level: max: 2.2 mm, on

average 1.0 mm (SD 0.6 mm).

Deviation of the angle: max 6.5°, on

average 4.5° (SD 2) (data surgiguide).

11,13 Clinical A radiological template, containing surgical

foil. Several stereolithographic guides, each

containing cylinders with increasing diameter.

Simplant® Not reported

38 Clinical Surgiguide® (for each diameter)

Immediate loading.

Simplant® Not reported

39 Clinical Scannographic template (Barium conc. teeth,

radiolucent base). Surgiguide®. Immediate

loading of the implants.

Simplant® Not reported

10 Clinical Radiological template containing 10%

high-density barium varnish. Surgiguide®

containing cylindrical tubes with increasing

diameter.

Simplant® Axis: 7.25° 1 2.67°, max: 12.2°.

Shoulder: 1.45 1 1.42 mm, max:

4.5 mm. Apex: 2.99 1 1.77 mm, max:

7.1 mm

40 Descriptive Customized stereolithographic drill guide

(Surgiguide®).

Simplant® Not reported

41 Clinical A radiographic guide (radiopaque Ivoclar

teeth). Stereolithographic drill guide

(surgiguide®). Flapless surgery. Immediate

loading.

Simplant® Not reported

42 Descriptive Customized stereolithographic drill guide

(Surgiguide®).

Simplant® Not reported

43,44 Descriptive A radiographic guide (barium sulphate/

radiopaque markers at the occlusal surface/

radiopaque Ivoclar teeth).

Stereolithographic drill guide (Surgiguide®).

A template for each diameter or one template

with interchangeable sleeves.

Simplant® Not reported

43,44 Clinical A radiographic guide (gutta-percha markers).

Customized stereolithographic drill guides

(Surgiguide®).

Simplant® Not reported
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TABLE 5 Continued

Reference
Study
Design

Concept of the Radiological and/or
Surgical Guide Program Results (Accuracy)

45,46 Descriptive Scannoguide (barium concentration

gradient). Customized stereolithographic

drill guide (Surgiguide). Flapless surgery.

Immediate loading.

Simplant® Not reported

47 Clinical A radiological template, containing a

radiopaque pin, indicating the desired

prosthetic location. A surgical guide,

indicating the implant position as planned

in the software program.

ImplantMaster® Not reported

48 Clinical A comparison between dynamicand static

computer-assistedguidance methods. Three

different static methods are described.

Simplant®

Med3D

coDiagnostix®/

gonyX

Not reported

22 Clinical A radiographic guide containing barium

sulfate. A surgical guide indicating the

implant position as planned in the software.

Stent Cad® Axis: 4.1° 1 2.3°

Shoulder linear: 1.11 1 0.7 mm

Apex linear: 1.41 1 0.9 mm

23 Clinical

Multicenter

A radiopaque diagnostic appliance for CT

scanning. A stereolithographic drill guide

for each drill diameter.

Simplant® Lateral deviation coronal: 1.4 1 1.3 mm

Lateral deviation apical: 1.6 1 1.2 mm

Depth deviation apical: 1.0 1 1.0 mm

Angular deviation: 7.9° 1 4.7°

49 Clinical Customized stereolithographic drill guide

(Surgiguide®). Containing cylinders with

increasing diameter to guide the successive

drills.

Simplant® Not reported

21 Ex vivo Three study groups using different software

planning systems.

Artma virtual

patient™/

RoBoDent®/

Surgiguide®

Artma:

Shoulder global: 1.2 1 0.6 mm; Apex

depth: 0.8 1 0.7 mm; Axis: 8.1° 1 4.9°

RoBoDent®:

Shoulder global: 1 1 0.5 mm; Apex

depth: 0.6 1 0.3 mm; Axis: 8.1° 1 4.6°

Surgiguide®:

Shoulder global: 1.5 1 0.8 mm; Apex

depth: 0.6 1 0.4 mm; Axis: 7.9° 1 5°

50 Case report A radiographic template duplicated from

the diagnostic wax-up. Multiple surgiguides

using tube diameters of increasing size.

Simplant® Not reported

51 Case report A stereolithographic technique generating a

jaw bone model and a surgical guide from

the CT data.

Procera® Not reported

52 Clinical A radiographic template duplicated from

the diagnostic wax-up. Multiple surgiguides

using tube diameters of increasing size.

Simplant® Mesiodistal angular deviation:

0.2° 1 5.1°

Buccolingual angular deviation:

0.5° 1 4.5°

Global coronal deviation: 0.2 1 0.35 mm

SD = standard deviation.
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coronal (or apical) center is defined and as reference

plane. The lateral deviation is defined as the distance

between the coronal (or apical) center of the planned

implant and the intersection point of the longitudinal

axis of the placed implant with the reference plane. The

depth deviation is the distance between the coronal (or

apical) center of the planned implant and the intersec-

tion point of the longitudinal axis of the planned

implant with a plane parallel to the reference plane and

through the coronal (or apical) centre of the placed

implant.

In Vitro Studies Reporting on Accuracy

A preclinical study13 compared the accuracy of conven-

tional surgical guides with that of a stereolithographic

surgical guide (Table 6). CT scanning of five identical

epoxy edentulous mandibles was performed using a

CBCT scanner. Five surgeons performed osteotomies,

each on one model. On the right side a conventional

surgical guide was used (control) and on the left side a

stereolithographic guide was used (test). Postoperative,

each jaw was rescanned and a registration method was

applied to match it to the initial planning. On the

control side the average deviation at the entrance point

was 1.5 mm compared with 2.1 mm at the apex of the

implants. When using the stereolithographic guide these

deviations were significantly reduced to 0.9 and 1.0 mm,

respectively. Additionally, variations between and within

the surgeons were reduced compared with conventional

surgery. Hence, it was concluded that a more accurate

transfer was obtained with guided implant surgery.

Ex Vivo Studies Reporting on Accuracy

A double scan procedure was introduced using a radio-

graphic template (acrylic denture with small gutta

percha markers) to visualize an acrylic resin scanning

template. In a second stage, the patient was scanned with

the same template in the mouth. The two data sets were

fused on the basis of the radiopaque markers by a special

developed software package.9 A stereolithographic tech-

nique was used to generate a surgical guide from the CT

data. Ex vivo studies describing the outcome of this

technique are summarized in Table 7. This double scan

procedure was first tested on two cadavers and later in

eight consecutively treated patients.12 A bone-supported

stereolithographic guide was placed after raising a

mucoperiostal flap. The trial in the two cadaver speci-

mens indicated that the drilling template achieved an

appropriate fit onto the underlying bone. The drills and

implants were well guided because of the intimate fit

with the internal sleeves in the guide. Postoperatively, a

second CT scan was taken and the implant locations

were compared based on an image volume registration

technique. At the shoulder of the implant, the deviation

was 0.8 mm (standard deviation [SD] 0.3) and at the

apex the deviation was on average 0.9 mm (SD 0.3). The

differences between placed and planned implants were

most prominent in the longitudinal direction of the

implants, supporting the fact that shorter implants

could be placed more accurately. In the eight consecutive

patients, all implants were successfully fitted onto the

abutments to be immediately loaded with a prefabri-

cated definitive fixed prosthesis. However, a slight space,

Figure 2 Three-dimensional evaluation of the virtual planned
and the in vivo placed implants.

TABLE 6 In Vitro Studies Reporting on Accuracy Using Stereolithographic Surgical Guides for Regular Implants
Based on Coronal, Apical, and Maximal Deviations Expressed in mm and Degree of Angular Deviation

Reference Support Program

Coronal
Deviation

(mm)

Apical
Deviation

(mm)

Maximal
Deviation (mm)
(Coronal/Apical)

Angular
Deviation
(Degree)

Maximal Angular
Deviation
(Degree)

13 Bone Simplant 0.9 1.0 1.2/1.6 4.5° 5.4°
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indicative of a bad fit, appeared on the postoperative

orthopantomogram between the implants and the abut-

ments in 5 out of 61 implants. The authors related this to

the difficulty in keeping visual control during screwing

of the abutment onto the implants. Unfortunately, no

measurements on accuracy are presented in the article

for these case series.

Another ex vivo study reported a total of 120

implants placed in 20 human cadaver mandibles.21

Implant placement was performed using either optical

tracking or stereolithographic bone-supported splints.

Osteotomies were performed using three splints with

increasing diameter of the drill sleeves. After implant

socket preparation, the splints were removed and the

implants were placed manually within the prepared

implant beds. Deviations between planned and achieved

positions were measured for each implant. In the stere-

olithographic group, a mean coronal deviation of

1.5 1 0.8 mm, a mean depth deviation of 0.6 1 0.4 mm

and a mean axis deviation of 7.9° 1 5° were reported. No

statistically significant differences were observed when

comparing the optical tracking subgroup versus the ste-

reolithographic subgroup. In another study, the preci-

sion of a computer-based three-dimensional planning,

using reformatted CBCT images, for implantation in

partially edentulous jaws was evaluated.14 Four cadaver

jaws (one maxilla and three mandibles) were selected

and virtual implant simulation was performed based

on three-dimensional CBCT images (3D Accuitomo

FPD, J.Morita, Kyoto, Japan). In total, 12 self-tapping

implants were installed, using a combination of dental-

and mucosal-supported stereolithographic guides. Post-

operatively, a second CBCT scan was taken to check the

positioning of the implants. Deviations ranged between

0.3 and 2.3 mm at the 10 of the implants (mean

1.1 mm), and 0.3 and 2.4 mm (mean 1.2 mm) at the

apex. Mean angular deviation was 1.8°. Implants with

neighbouring teeth supporting the guide often showed

smaller deviations than distal implants placed using a

free-ending template. We could conclude that the larger

the extension of the dento-mucosal-supported guide,

the larger the risk of having a bending effect of the

template in the posterior region. When analyzing all

data, mean coronal deviations ranged between 0.8

and 1.5 mm (mean 1.13 mm); mean apical deviations

ranged between 0.6 mm and 1.2 mm (mean 0.9 mm)

and mean angular deviations ranged between 1.8° and

7.9° (mean 3.9°).

Clinical Studies Reporting on Accuracy Using
Standard Oral Implants

In a prospective clinical study,10 four healthy, nonsmok-

ing patients were enrolled requiring in total 21 implants

(Table 8). A diagnostic cast was duplicated and the eden-

tulous areas were coated with a mixture composed of

10% high-density barium in 90% varnish to serve as a

scanning template. A CT scan was taken without inter-

arch contact and the resulting DICOM images were

converted. Three bone-supported stereolithographic

surgical guides with increasing drill sleeve diameter were

fabricated for each surgical area. Fixtures were inserted

without the surgical guide. No stabilization screws were

used. After surgery, a new CT scan was taken and both

scans were aligned observing superposition of anatomic

markers and the edentulous areas of the template. Mean

deviations of 1.45 mm (SD 1.42) at the implant shoul-

der and 2.99 mm (SD 1.77) at the apex were reported.

The match between the planned and achieved implant

TABLE 7 Ex Vivo Studies Reporting on Accuracy Using Stereolithographic Surgical Guides for Regular Implants
Based on Coronal, Apical, and Maximal Deviations in mm and Degree of Angular Deviation

Reference Support Program

Coronal
Deviation

(mm)

Apical
Deviation

(mm)

Maximal
Deviation (mm)
(Coronal/Apical)

Angular
Deviation
(Degree)

Maximal
Angular

Deviation
(Degree)

12 Bone Litorim® 0.8 0.9 1.4/1.5 1.8° 3.8°

21 Bone Artma virtual patient™/

RoBoDent®/Surgiguide®

1.5* 0.6† NR 7.9° NR

14 Dental/mucosal Nobelguide® 1.1 1.2 2.3/2.4 2° 4°

*Specified as lateral.
†Specified as depth.
NR = not reported.
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axis was on average 7.25° (SD 2.67). The deviations were

caused by the ill fitting of some of the templates on the

teeth or absence of a stable fit on the bone. A slighter

difference was seen when a bone-supported mandibular

guide extended to both the right and left side of the

mandible. This points out the importance of having a

proper fit of the template on a surface that is as large as

possible. Another in vivo study22 evaluated 110 implants

whereby 30 implants were placed using tooth-supported

guides, 50 using bone-supported guides, and 30 using

mucosal-supported guides. A mean angular deviation of

4.51° 1 2.7° in the mucosa group, 2.91° 1 1.3° in the

tooth-supported group and 4.63° 1 2.6° in the bone-

supported group was reported. The mean coronal/

apical deviations were 1.06 1 0.6 mm/1.60 1 1.0 mm for

the mucosal-supported guides, 0.87 1 0.4 mm/0.95 1

0.6 mm for the tooth-supported guides, and

1.28 1 0.9 mm/1.57 1 0.9 mm for the bone-supported

guides. A statistically significant difference was found

between the treatment groups for angular and global

apical deviation of the placed implants. Tooth-

supported guides showed significant smaller deviations

compared with mucosal- and bone-supported guides. In

a retrospective multicenter study,23 18 partial and 10 full

edentulous arches were operated. The surgical guides

were classified according to the type of supporting ana-

tomical structure being bone, mucosa or teeth. Three

different surgical guides, with increasing sleeve diam-

eter, were used in each case. Implant insertion was again

performed free-handed. Eighty-nine out of 104

implants were analyzed postoperatively. Mean lateral

deviation at apical point was 1.6 mm, mean depth devia-

tion 1.1 mm and mean angular deviation 1.9°. For the

apical deviation paired comparisons demonstrated

better accuracy of mucosal-supported guides. Smaller

apical deviations were found in the maxilla compared

with the mandible and in completely edentulous com-

pared with partially edentulous patients. No significant

differences were observed between the two study

centers. In three sites the implant placement was impos-

sible because of loss of the entire buccal plate. Addition-

ally, the choosen implant length at surgery differed from

the initial planning in 11 sites because of an insufficient

mouth opening or fear of the operator to injure vital

anatomic structures. One template cracked during

surgery and the metal tubes in one guide plate were

detached while performing implant bed preparation.

Our analysis showed that coronal deviations ranged

between 0.2 and 1.45 mm (mean 1.04 mm), apical

deviations ranged between 0.95 and 2.99 mm (mean

1.64 mm) and mean angular deviation ranged between

0.17° and 7.9° (mean 3.54).

Accuracy Using Zygoma and
Pterygoid Implants

Accuracy using zygoma and pterygoid implants was

reported in two papers summarized in Table 9. The

length of these implants is three to four times that of a

TABLE 8 In Vivo Studies Reporting on Accuracy Using Stereolithographic Surgical Guides for Regular Implants
Based on Coronal, Apical, and Maximal Deviations Expressed in mm and Degree of Angular Deviation

Reference Support Program

Coronal
Deviation

(mm)

Apical
Deviation

(mm)

Maximal
Deviation (mm)
(coronal/apical)

Angular
Deviation
(degree)

Maximal
Angular

Deviation
(degree)

10 Bone/teeth Simplant® 1.45 2.99 NR 7.25° NR

22 Bone/teeth/mucosa Stent Cad® 1.06 (mucosa) 1.60 (mucosa) NR 4.51° (mucosa) NR

0.87 (tooth) 0.95 (tooth) 2.94° (tooth)

1.28 (bone) 1.57 (bone) 1.57° (bone)

23 Teeth/mucosa Simplant® 1.4* 1.6* 6.5*/ 7.9° 24.9°

1.1† 6.9*

52 Bone Simplant® 0.2 NR NR 0.17‡ 12.2‡

0.46§ 7.67§

*Specified as lateral.
†Specified as depth.
‡Specified as mesiodistal.
§Specified as buccolingual.
NR = not reported.
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standard oral implant. This means that even slight

angular deviations may lead to important deviations at

the extremity. In one ex vivo study,24 six zygoma fixtures

with a length of 45 mm were planned in three cadaver

heads using a custom made bone-supported drilling

with intimate fitting to the underlying jawbone. In four

of the six implants, the angle between the placed and the

planned implants was less than 3°. The largest deviation

noted was 6.9° resulting in a measurable deviation of

6.74 mm in craniocaudal direction at the apex of the

implant. The author explained this by the fact that a

metal cylinder came loose during the surgery.

A clinical study reported on 29 cases with zygoma,

pterygoid and standard oral implants25 using bone-

supported guides. The osteotomies were performed

using only two drills with corresponding guide sleeves

but the fixtures were manually installed without the

guide. After implant surgery, a postoperative CT scan

was taken of 12 randomly selected patients to be

matched with the preoperative planning26 and the devia-

tions were calculated.27 For the zygoma implants, the

maximum deviation was 7.4 mm coronally (mean

2.8 mm), 9.7 mm apically (mean 4.5 mm), and 9.0° for

the angular deviation (mean 5.1°). For the standard

implants installed the maximum deviation was 4.7 mm

(mean 1.51 mm) coronally and 6.4 mm (mean

3.07 mm) apically. The pterygoid implants deviated on

average 3.57 mm (range 0.2–7.8) at the entry point and

7.77 mm (range 1.1–16.1) at the exit point. The average

axis deviation was 10.18° (range 1.7°–18.0°). Probably

because of the substantial deviations from the planning

disappointing cumulative implant survivals were

reported, two zygoma implants (7% failures) and four

pterygoid implants (29% failures) were lost because

of this misplacement. Six standard implants were lost

(8% failures) because no initial implant stability was

achieved at the time of surgery. The author explained

that all patients suffered from severe atrophy of the max-

illary bone and had a low bone quality according to

the Misch classification.28 Furthermore, manual fixture

installation may have imposed an extra risk for addi-

tional misplacement.

Summarizing the scrutinized papers regarding

zygoma and pterygoid implants, one can conclude that

the overall coronal, apical, or angular deviation is,

respectively, 2.56 mm, 3.7 mm and 3.92°.

In conclusion, it can be stated that only 10 publica-

tions compared the preoperative implant planning with

the postoperative implant locations. Hence very few

papers evaluated accuracy of computer guided stere-

olithographic surgery in a scientifically objective way. All

data published indicate that a substantial deviation is

found between virtually planned and in vivo placed

implants. Enlarging a stiff surface for guide positioning

improves the accuracy, although bone-supported guides

are less accurate than teeth-supported ones. Although

flapless surgery is quite often used in daily practice, very

few papers on accuracy are available when using stere-

olithographic mucosal-supported surgical guides for

full jaw rehabilitation in maxilla or mandible. Addition-

ally, the study designs reporting on different supporting

surfaces (dental and mucosal), different implant systems

or designs (standard oral implants and zygoma/

pterygoid implants) and the rather limited number of

implants included in the papers lead to the conclusion

that the evidence on accuracy is lacking.

COMPLICATIONS

Although several reports have shown that guided

implant surgery based on computer-assisted virtual

treatment planning can offer an acceptable outcome,

surgical and technical complications occuring during

the procedure have been scarcely reported (Table 10).

Up to now the accuracy of each different step in the

procedure, which can affect the final outcome, is not yet

fully understood. The following paragraph describes

TABLE 9 In Vivo Studies Reporting on Accuracy Using Stereolithographic Surgical Guides for Zygomatic and/or
Pterygoid Implants Based on Coronal, Apical, and Maximal Deviations Expressed in mm and Degree of
Angular Deviation

Reference Support Program

Coronal
Deviation

(mm)

Apical
Deviation

(mm)

Maximal
Deviation (mm)
(Coronal/Apical)

Angular
Deviation
(Degree)

Maximal Angular
Deviation
(Degree)

24 Bone Litorim/surgiguide 2.32 2.9 6.0/7.9 2.74° 6.93°

25 Bone Surgiguide 2.8 4.5 7.4/9.7 5.1° 9.0°
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currently available information regarding complications

encountered during the treatment of computer-guided

flapless surgery in conjunction with immediate loading

with a prefabricated prosthesis. In one prospective mul-

ticenter study,29 27 patients with totally edentulous max-

illae were treated and followed for 1 year. According to

the protocol, implants were installed by the aid of a CT

scan-derived customized surgical template for flapless

surgery and a prefabricated final prosthesis was deliv-

ered immediately after surgery. Several postoperative

complications observed from the day of surgery up to 1

year were encountered. They were classified as moderate

postoperative pain (4/23 cases), marginal fistula (1/23

cases), occlusal material fracture of the prosthesis (2/23

cases), loosening of retaining screws (1/23 cases), slight

discrepancies between the abutments and implants

(1/23 cases), and midline deviation of the prosthetic

rehabiliations (1/23 cases). At the 1-year examination,

signs of inflammation or hyperplasia of the gingiva or

alveolar mucosa were observed in 4/23 patients. It was

further mentioned that one surgeon used a shorter

implant because he felt that he would penetrate the nasal

or sinus cavity during the drilling. In spite of these inac-

curacies, all implants and all suprastructures survived

up to 1 year. However, scientific information regarding

bone loss in order to describe implant success was

lacking. Another clinical trial presented some complica-

tions when using computer-guided flapless surgery with

immediate loading of prefabricated all-acrylic prosthesis

supported by four implants.30 Twenty-three patients

with either edentulous maxilla or mandible treated with

a total number of 92 implants were followed between 6

and 21 months. The complications were categorized into

either mechanical or soft tissue problems. Most fre-

quently encountered mechanical complications were

fractures of the complete acrylic denture (8/23 cases)

and these were associated with bruxism or technical

features. Abutment screw loosening occurred in two

patients. Signs of peri-implant pathology with local

bone defects, pocket formation, bleeding on probing,

and mucosa inflammation around implants were

observed in two patients. These problems were appar-

ently solved or treated either by a strict hygiene mainte-

nance program or a surgical management to prevent

further progress. One astonishing result is the reported

mean marginal bone loss of 1.9 mm and bone loss of

more than 2 mm in 28% of the fixtures at 1 year. These

numbers indicate a rather high bone loss when com-

pared with conventional surgical techniques and not all

implants were included in the radiographic evaluation.

Another paper reported surgical and prosthetic compli-

cations during the treatment process, from planning to

postoperative follow-up.31 Seventy-eight implants in 13

patients with either completely/partially or maxillary/

mandibular jaws were included. A final or provisional

prosthesis was connected to the implants immediately

after surgery. The complications were classified as “early

complications” and “late complications.” As for early

complications none were observed with the planning

procedure. During the surgery and prosthesis connec-

tion, two prostheses did not seat completely because of

bony interference and one implant failed immediately

because of incomplete placement to depth. Several addi-

tional complications occurred during the 1-year follow-

up. These were sometimes easy to solve, but others

required expensive aftercare and had an impact on

patient centered outcome. Prosthesis loosening (1/13

cases), speech problems (1/13 cases), and bilateral cheek

TABLE 10 Implant Survival Rate (%), Prosthetic Survival Rate (%), and Complications (%) Encountered during
the Treatment of Stereolithographic Flapless Guided Surgery and Immediate Loading with a Prefabricated
Prosthesis

Reference Implant Survival Rate Prosthetic Survival Rate Complications

29 100% (maxilla) 100% (maxilla) Surgical and technical

34 Nonsmokers: 98.9%

Smokers: 81.2%

NR NR

36 97.60% 100% 1.2% misfit

32 92% (maxilla) 90% (maxilla) 42% surgical and technical

32 83% (mandible) 70% (mandible) 42% surgical and technical

31 89.90% 79.60% Surgical and technical

NR = not reported.
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biting (1/13 cases) were also reported as early prosthetic

complications. Persistent pain (1/13 cases), a residual

buccal soft tissue defect around one implant (1/78

implants), and seven implant failures (7/78 implants)

were registered as late surgical complications. The

overall failure rate was 9% and more frequently seen in

the maxilla than in the mandible. Late prosthetic com-

plications such as heavy occlusal wear (2/13 cases), loos-

ening of screws (2/13 cases), fracture of prosthesis (3/13

cases), aesthetic dissatisfaction (1/13 cases), and pres-

sure sensitivity (1/13 cases) were more often found in

the carbon fiber frameworks with acrylic resin than in

porcelain fused metal bridges or milled titanium frames

with acrylic denture teeth. Nearly simultaneously with

the previous paper treatment outcome of immediately

loaded implants installed in edentulous jaws following

computer-assisted virtual treatment planning and flap-

less surgery was reported.32 This study included 29

patients (31 jaws) with edentulous maxilla, mandible, or

both. In this report surgical and technical complications

occurred in 13 of the 31 cases (42%). Three surgical

templates fractured either before surgery or at the

removal of the template after implant installation. Misfit

of the suprastructure appeared in five cases, resulting in

the disconnection of the suprastructure in two cases

where fixtures were left for unloaded healing. Extensive

occlusal adjustment was made in three cases. In these

cases correction was made either by re-alignment of a

denture in the opposing jaw or remaking of the implant-

supported suprastructure. Radiographic bone defects

after drilling developed in three cases. These appeared

in two cases after anchor-pin drilling in the maxilla

and in another case in a severely resorbed mandible.

Some of these complications may have affected the

implant survival rate of 92% in the maxilla and 84% in

the mandible. The outcome of this study showed disap-

pointing lower survival rates in the edentulous mandible

comparing to the maxilla. It was described that dense

mandibular jaw bone gave tension to a more fragile drill

guide, which may have caused the surgical guide frac-

ture. Another possible explanation is that directly saline

irrigation on the bone surface is unmanageable because

of the interruption by the acrylic surgical template. This

might be critical, especially in the dense mandible and

cause overheating of the bone. A 1-year prospective

multicenter study in eight clinics in Scandinavia33

included a total of 312 implants in 52 patients with

edentulous maxillae. Surgical and prosthetical prob-

lems, soft tissue complications, and, in addition, mar-

ginal bone resorption were reported after 1 year. The

surgical-related problems included misfit of the surgical

silicone index (3/52 cases) or the surgical guide (2/52

cases) and often difficulties in the proper placement of

implants and abutments. Correct fitting of the prosthe-

sis was difficult in 10/52 cases and major occlusal cor-

rection was required in three patients. In one case the

prosthesis was remade using standard abutments to

achieve better oral hygiene. At 1-year examination

inflammation was recorded in 23% and local pain was

noted in 3% of all sites. Mean marginal bone loss after 1

year was 1.3 mm (SD 1.28) and bone loss over 2 mm was

seen in 19% of the implants. This bone loss is more

extended compared with conventional flap surgery. In

another study,34 30 patients were operated, 13 smokers

and 17 nonsmokers. Out of 212 implants placed, nine

implants failed (4.9%). Eight of these failures occurred

in three smokers. A cumulative survival rate of 81.2%

after 5 years in heavy smokers compared with 98.9% for

nonsmokers was reported and marginal bone loss was

2.6 mm (SD 1.6 mm) in smokers and 1.2 mm (SD

0.8 mm) in non smokers. Hence, smoking was shown to

be a possible risk factor affecting implant loss and mar-

ginal bone loss when combining flapless surgery with

immediate loading. Misfit of an immediately loaded

prefabricated definitive fixed complete denture on four

implants was described in a case report study.35 Misfit on

one of the fixtures caused a peri-implant infection with

substantial bone loss after 5 months. This report, again,

pointed to the difficulty of achieving passive fit of

a prefabricated metal framework on the inserted

implants. Absence of passive fit may further lead to

mechanical (screw loosening) and biological (marginal

bone loss) complications.

Based on the literature review, complications can be

related to the technical procedure or depending on the

used hardware. Errors in positioning of the surgical tem-

plate and overheating during osteotomy is categorized as

procedure-related, whereas the accuracy or stiffness of

the surgical template and the suprastructure is product-

related. Deviation between the planning and the actual

implant position might occur at any stage in the treat-

ment: during CT scanning, during transfer of the plan-

ning data, during the manufacturing of the surgical

template, during positioning the surgical guide, and

while installing implants. The only way to solve these

complicated problems in order to improve the treatment
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is to collect and investigate the complications that

occurred in the real clinical situations. Today the

development of implant dentistry has shifted towards a

more rapid and simplified use, although scientific evi-

dence and substantial long-term studies are lacking.

Although acceptable results of guided surgery have been

shown in some articles, and despite the widespread

introduction in clinical practice, the overall available

evidence is scarce especially in mandibular and partial

cases. Hence, guided surgery should still be considered

as being in the development stage. Further evaluation

and monitoring of implant survival, bone loss and clini-

cal complications is required to refine the procedure and

the systems. Based on the lower short-term survival

rates, surgical and prosthetic complications and keeping

in mind that prosthetic complications are normally only

expected to occur in a longer follow-up period, it seems

reasonable to advise clinicians and patients that this

treatment protocol may lead to more overall long-term

complications.

OVERALL CONCLUSION

Guided implant surgery is far from accurate when using

computer designed stereolithographic surgical guides.

Most authors report deviations between the postopera-

tive position and the preoperative plan. Deviations at the

shoulder of the implants hamper the correct fit of a

prefabricated construction, and require adaptation of fit

or occlusion. Deviations at the apex of the implants can

be expected. Hence, a safety zone of at least 2 mm is

necessary to avoided critical anatomical structures. The

total accuracy is the sum of all errors encountered

during the entire process of template production and

the clinical application. It has to be considered that most

of the data published report on different types of guides

(mucosal, dental, bone) and that lower deviations could

be expected using a stiff supporting surface. Another

important factor is whether the implant installation is

done manually or guided. Guided implant placement

has a tendency to show smaller deviations. When

implant installation is done manually, the implant

always tends to follow the trajectory with the least resis-

tance. Especially in patients with a rather soft bone type

this could lead to substantial deviations. Complications

are frequently reported when combining computer

guided flapless surgery with an immediate loaded pre-

fabricated prosthesis. Surgical and prosthetical compli-

cations are in most instances caused by the misfit

between the installed implants and the prefabricated

prosthesis.
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