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ABSTRACT (ENGLISH) 
# # 6075842132 : MAJOR ESTHETIC RESTORATIVE AND IMPLANT DENTISTRY 
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 Arissa Amnuaychottawe : Effect of different static surgical guided systems on the 

accuracy of implant position in esthetic zone. Advisor: Assoc. Prof. ATIPHAN 
PIMKHAOKHAM, D.D.S., M.S., Ph.D. Co-advisor: Assoc. Prof. PRAVEJ 
SERICHETAPHONGSE, D.D.S., M.S. 

  
Objectives To evaluate the effect of different surgical guided systems on the 

accuracy of single implant placement in the anterior zone. 

Methods Twenty operators were divided into two groups by the system they 
performed in the experiment (Straumann Guided Surgery®; SG and Astra Tech Guide Surgery®; 
AG). One operator placed one implant on the right central incisor using a computer-guided 
template that had been planned with 3Shape Implant Studio® program. After the implant 
installation process was completed, all models were scanned and determined the placed 
implant position. The amount of coronal, horizontal, vertical, and angular deviation of planned 
and placed implant positions was statistically analyzed using the Mann-Whitney U test to 
investigate the influence of two different surgical guided systems. 

Results The different guided surgery systems had no statistically significant effect on 
the accuracy of a single implant position except for the 3D coronal deviation. Moreover, the 
sleeve-on-drill concept resulted in a significantly greater coronal error when compared to the 
sleeve-in-sleeve concept (P < 0.05).  

Conclusion Within the limitations of this study, the use of a step-by-step computer-
guided surgery assists the operator to place an implant with reliable accuracy in any system. 
However, the different systems with different concepts had effects on the 3D deviation at 
implant platform. 
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Background and rationale  

 Nowadays, dental implants are one of the best alternative options for the 

replacement of missing teeth. It is widely accepted that dental implant therapy is a 

predictable treatment procedure for tooth substitution. The effectiveness of dental 

implant placement depends on the osseointegration, the function, and esthetic of 

the final restorations (1-3). The recent concept of prosthetic-driven implant 

placement has developed to enhance the esthetic result of the final prosthesis with 

proper mechanical and biological conditions (4). 

 Implant-supported restoration in the anterior esthetic zone is one of the most 

challenging procedures since the major consequence following an anterior tooth 

extraction is the resorption of the alveolar bone which compromises gingival tissue 

and esthetic outcome. The primary goal of implant therapy is the complete 

reconstruction of the tooth and gingival tissue. The accomplishment of an esthetic 

result of the implant restoration is contributed from several factors, including patient 

selection and smile line, tooth position, root position of the adjacent teeth, gingival 

biotype, tooth shape, the anatomy of bone, and dental implant position (5).  
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 To achieve the proper implant position, the philosophy of three-dimensional 

(3D) implant placement has become a necessity. The objective of this concept is to 

highlight the risk of potential complications if implants are not correctly positioned in 

relation to the adjacent natural teeth.  Chen and Buser Chen and Buser (6) defined 

the comfort and danger zones in three directions; mesiodistally, coronoapically, and 

orofacially (Figure 1). 

In the past, the conventional method for implant placement, the freehand 

approach, is commonly used; however, in recent year, customized surgical templates 

have risen in popularity for transferring the virtual plan to the clinical situation since 

dental implant installation through the surgical guide allows a surpassing accuracy in 

comparison with freehand insertion or freehand final drilling (7). 

Computer-aided implant surgery (CAIS) is the new technology using cone-

beam computed tomography (CBCT) and computer-aided design/computer-assisted 

manufacture (CAD/CAM). Several advantages of this approach have been reported in 

previous studies. The benefit of the CAIS is to lessen postoperative discomfort as a 

consequence of flapless surgery. Moreover, the CAIS allows a shorten surgical time, 
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decreases the crestal bone alteration, reduces the inflammation and bleeding (8-10). 

However, the disadvantages of this technique have also been reported. The 

important one is the limited access and visibility resulting from the flapless surgery 

approach or unfitness of the surgical template. Moreover, some authors revealed 

several complications occurred when a computer-aided implant surgery is used (11). 

 Definition of the accuracy in guided implant therapy is paralleling the virtual 

implant position in the planning software with the actual implant position in the 

patient's mouth (12). Documentation of the accuracy of computer-aided implant 

surgery is insufficient, and numerous factors are contributing to the accuracy. The 

possible causes of decreasing the accuracy of implant placement are errors that may 

arise during every step, for example, image capturing, data processing, and surgical 

template processing. Moreover, the position and the movement of the template 

during drilling, type of surgical template, flap approach, and operator’s experience 

also correlate to the accuracy (13-19). However, there are limited documents 

available reporting the effect of the different systems of static surgical guided surgery 

on the accuracy of computer-aided implant surgery. Thus, this study aimed to 
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evaluate the effect of different static computer-guided systems on the accuracy of 

implant position. 

 

Review literature 

1. Three-dimensional (3D) implant placement in esthetic zone 

The esthetic considerations are more critical than functional ones particularly in 

the situation involving a single anterior implant restoration because an axial loading is 

not as much as it is with posterior implant restoration. Implant position is significant 

to the final result and needs to be considered in all three dimensions (5).  

 

Mesio-distal placement  

In a mesiodistal dimension, implants should be placed 1.5 to 2 mm from 

adjacent teeth. The too-close positioning of implants to the adjacent tooth can lead 

to reduced interdental papilla height due to the resorption of interproximal bone 

and inadequate space for the soft tissues to develop. When the mesiodistal 

malposition of the implant is extreme and varies up to 2 to 3 mm from the ideal 
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prosthetic position, it may induce a significant and permanent loss of hard and soft 

tissue support with extremely adverse esthetic outcomes (5, 6).  

 

Apico-coronal placement  

Apicocoronal positioning appears to be the most critical aspect. The implant 

should be placed 3 to 4 mm apical to the gingival margin of the contralateral tooth 

to provide the proper emergence profile of final restoration.  

Errors in apico-coronal implant placement can have serious complications. An 

implant placed too coronally will not allow an adequate transitional zone from the 

implant shoulder to the restoration. The restoration will look short compared to the 

contralateral tooth. Besides, the metal implant shoulder can be visible and lead to 

an unpleasant esthetic outcome. On the other hand, an implant placement too 

apically produces an unnecessary amount of bone loss which results in an 

undesirable soft tissue contour. Also, this situation can cause persistent inflammation 

of the peri-implant mucosa due to the difficulty to maintain optimum plaque control 

(5, 6, 20).  
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Facio-lingual placement  

Placement in this aspect will vary depending on the mechanism of retention 

of final restoration (screw-retained versus cement-retained). Normally, the facial 

boundary of the implant shoulder is about 1.5 to 2 mm palatally to the point of 

emergence of the adjacent teeth. An insufficient amount of alveolar crest width may 

require bone augmentation before placement of an implant to avoid the undesirable 

consequences. Implants placed too palatal will often lead to a ridge-lap design of 

the implant crown and complicate the development of hygienic contours with 

subsequent long-term implications for peri-implant tissue. Moreover, increased 

dimensional of the crown on the palatal side may impact the tongue space. 

Generally, Implants are often mistakenly placed too facial. This error results in 

excessive facial bone resorption (5, 6).  

 

Figure  1 The concept of comfort and danger zone for the implant position (21) 
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2. Prevention of implant malposition 

Implant malposition can be prevented by appropriate implant planning 

procedures. The correct three-dimensional position of implant placement is primarily 

influenced by the surgeon and the selection of a proper implant type. The diameter 

of the implant platform and the implant body is the most important. Oversized 

implants with a wide platform should be avoided in the esthetic region (6). 

The insertion of implants in a correct three-dimensional position requires 

both surgical skill and clinical experience. The surgeon must possess the clinical skills 

and the competence to provide a surgical implant procedure with precision (6).  

To accomplish a correct implant position, the use of a surgical guided 

template fabricated from an ideal wax-up can be helpful; however, the new trend of 

computer-assisted implant surgery has become popular among implant surgeons. 

These computer-assisted techniques can be divided into static surgical guided 

systems and dynamic navigation systems. Static surgical guided systems use a surgical 

template produced from a virtual plan of the implant position using computer 

software. A limitation of this technique is that the location of the implants cannot be 
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modified unless the drilling is operated by a freehand approach (6). 

 

3. Static computer-assisted implant surgery (static CAIS)  

In the last decade, pre-operative three-dimensional planning has gained 

popularity. Computer-guided (static) surgery and computer-navigated (dynamic) 

surgery have been offered to transfer virtual planning to the clinical field. For a static 

computer-guided surgery, a surgical template is used to transfer the planned implant 

position to the surgical site. These guides are produced by computer-aided 

design/computer-assisted manufacture (CAD/CAM) technologies (12, 21).  

The fabrication of a computer-generated guided stent begins with taking a 

cone-beam computed tomography (CBCT) with a radiographic template imitating the 

preoperative prosthetic design in the mouth as an imaging guide. Digital Imaging and 

Communications in Medicine (DICOM) files and CBCT images will be transferred to 

the implant planning software which is used to evaluate the bony structure in 

relation to the position of the teeth. From this information, the position and size of 

the dental implants were designed. After the digital plan is completed, the data will 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 9 

be transferred to a milling center to fabricate the stereolithographic surgical template 

using a CAD/CAM procedure. The surgeon will evaluate and adjust the surgical guide 

template to ensure proper seating on the cast and patient’s mouth. 

The advantages of using a static CAIS include it provides an accurate implant 

placement and shorter surgical time. Also, in general, the use of static stents requires 

less invasive surgery which results in less patient discomfort and more patient 

satisfaction (22). Moreover, the static CAIS offers the predictability of the prosthetic 

outcome and allows for the production of the prosthesis before the surgery which is 

convenient for the immediate loading protocols (23).  

However, the limitations of static CAIS are that the static guidance with 

surgical templates does not allow any changes at the time of surgery, and the 

deviations are observed between planning and post-operative outcome (12). The use 

of the surgical guide stent also limits access to irrigate the drill during osteotomy 

procedure with the potential for increased heat production. Furthermore, the use of 

static guides is impractical in the situation of limited mouth opening and when the 

implant is required at the second molar regions (22).  
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3.1 System of static CAIS 

 There are several static CAIS systems in the dental market. Each system has 

its component, concept, and treatment protocol. Some systems use a removable 

sleeve that is fixed to one template or inserted on the drill. Others apply a series of 

the template with increasing diameter sleeves. Some systems have indication lines 

on the drills, while others have drill stops to regulate the depth of drilling. After the 

implant osteotomy was completed, some systems allow the installation of the 

implant through the surgical guide, whereas other systems need to remove the 

template before implant placement (12). 

 

Sleeve-in-Sleeve concept 

This concept composes of the cylinder of the drill handle or the drill guide, 

and the metal sleeve fixed to the surgical template. The osteotomy preparation is 

performed by inserting the drill into the drill handle which is inserted into the metal 

sleeve on the surgical template. Some system has the depth marking on the drill 
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and should be measured while drilling, whereas some system has the drill handle 

with different height and can control the drilling depth by itself. The implant system 

with this concept includes Straumann® guided surgery, Biohorizons® guided surgery, 

Zimmer® guided surgery, and Neoss® guided surgery.  

 

 
Figure  2 The component of Straumann® guided system with the sleeve-in-sleeve 

concept 

 

Sleeve-on-Drill concept  

This concept composes of the guide sleeve inserted into the drill. The 

positions of the guide sleeves are adapted to the planned implant length. Different 

osteotomy depths can be facilitated by one drill length. The guide sleeve position 
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will be generated by the planning software according to the planned implant length 

and the manual modifications are not feasible. The implant system with this concept 

includes Astra Tech® guided surgery.  

 
 

Figure  3 The component of Astra Tech® guided system with the sleeve-on-drill 

concept 

 

3.2 Accuracy of static CAIS system 

Several reviews of the scientific literature have been performed to evaluate 

the accuracy of stereolithographic surgical templates.  

Tahmaseb and colleagues (24) assessed the literature on the accuracy of 
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static computer-assisted implant surgery, a total of 40 studies were included in their 

study. A total of 2,238 implants that had been placed using a computer-guided 

surgery in 471 patients were collected for review. Meta-regression analysis was 

performed to summarize the accuracy of all studies. They summarized that the 

mean error at the entry point measured at the center of the implant was 1.3 mm, 

the mean error of apical position was 1.4 mm, the average angular deviation was 3.5 

degrees, the average error in height at the entry point was 0.2 mm, and the average 

error in height at the apex was 0.5 mm. 

Van Assche et al. (4) conducted 19 studies that focused on the accuracy of 

static CAIS and summarized the overall accuracy. They reported a mean error of 1.0 

mm at the entry point, 1.4 mm at the apex, and a mean angular deviation of 4.2 

degrees. 

 Zhou and others (13) systematically reviewed 14 clinical studies with a total 

of 1,513 implants. Meta-regression analysis presented a mean deviation of 1.25 mm 

at the entry point, 1.57 mm at the apex, and 4.1 degrees in angle.  
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Deeb and others studied the accuracy of single implant placement at the 

maxillary right central incisor using a static CAIS system (3shape Implant Studio). They 

found that the mean coronal deviation in mesiodistal direction between planned 

implants and placed implants was 0.28 mm and the deviation in the buccolingual 

direction was 0.49 mm. The mean angular deviation was 0.84 degrees in the 

mesiodistal direction and was 3.37 degrees in the buccolingual direction (25). 

Valente and colleagues (23) studied the accuracy of implant placement using 

a static CAIS system (Simplant®, CSI Materialise) and found that the mean deviations 

of 89 implants placed in 28 patients were 1.4 ± 1.3 mm at the entry point, 1.6 ± 1.2 

mm at the apex, 1.0 ± 1.0 mm for depth deviation and 7.9 ± 4.7 degrees for angle 

deviation. 

Farley and others (26) compared the accuracy of 20 implants placed in 10 

patients using static CAIS system (Implant Master software, iDent Imaging) and 

conventional method. The result showed that implants placed with CAD/CAM guides 

were closer to the planned positions than a conventional guide in all parameters 
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examined. They reported the deviation of CAD/CAM guides of 1.45 ± 0.06 mm at the 

entry point, 1.82 ± 0.60 mm at the apex, and 3.68 ± 2.19 degrees for angle deviation. 

Schneider and colleagues (27)  calculated the mean deviation from 8 articles 

that reached the inclusion criteria. They reported a mean deviation of 1.07 mm at 

the implant platform and 1.63 mm at the implant apex. 

D’haese and colleagues (28) revealed the mean coronal deviations of 1.04 

mm (0.20 - 1.45 mm), mean apical deviations of 1.64 mm (0.95 - 2.99 mm), and 

mean angular deviation of 3.54 degrees (0.17° - 7.90°). 
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Table  1 The overall accuracy revealed from previous studies. 

Study 
Implant 

(N) 

Coronal 
deviation 

(mm) 

Apex 
deviation 

(mm) 

Depth 
deviation 

(mm) 

Angular 
deviation 
(degree) 

Tahmaseb 
et al. 

2,238 1.3 1.4 
0.2 (entry) 
0.5 (apex) 

3.5 

Van Assche 
et al. 

1,688 1.0 1.4 - 
4.2 

 

Zhou et al. 1,513 1.25 1.57 
0.64 (entry) 
1.24 (apex) 

4.1 

Deeb et al. 10 
0.28 (M-D) 
0.49 (B-L) 

- - 
0.84 (M-D) 
3.37 (B-L) 

Valente  
et al. 

89 1.4 ±1.3 1.6 ±1.2 1.0 ±1.0 7.9 ± 4.7 

Faley et al. 20 1.45 ± 0.06 1.82 ± 0.60 - 3.68 ± 2.19 

Schneider 
et al. 

- 1.07 1.63 - - 

D’haese  
et al. 

- 1.04 1.64 - 3.54 

 

3.3 Factors that influence the accuracy of static CAIS system 

Effect of Age factors  

A systematic review by Zhou et al. (13) demonstrated the data on patient’s 

ages from 11 studies. They categorized three age groups; Group 1 composed of 
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patients with 40-50 years old from four studies (n=493 implants); Group 2 consisted 

of 50-60 years old patient conducted from five studies (n=648 implants); and Group 

3 was patients with 60 or older from two studies (n=104 implants). The mean 

platform deviation for the three age groups was 1.21 mm, 1.23 mm, and 1.03 mm, 

respectively. The mean deviation at the apex was 1.47 mm for the 40- to 50-year 

group, 1.64 mm for the 50- to 60-year group, and 1.27 mm for the 60 years or older 

group, and the mean error of angle was 4.15◦degrees for 40 to 50 age group, 

4.32◦degrees for 50 to 60 age group and 4.43◦degrees for the older age group. They 

concluded that no significant difference was found between age groups for angular 

deviation, deviation at the entry point, and deviation at the apex. 

 

Effect of Guide Position (maxilla/mandible) 

Behneke et al. (7) studied a total of 132 implants placed in 52 partially 

edentulous patients using static guide stents. The result showed a significant 

difference between maxilla and mandible for the linear deviation at the apex, but 
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not for the linear deviation at the implant platform and the error angle. Besides, they 

discovered a greater amount of maxillary deviations between the planned and 

placed implant positions. This may be a result of the lower bone density of the 

maxilla than the compact mandibular bone.  

From the meta-analysis study of Zhou et al. (13), Four studies with a total of 

274 implants were included for criticizing the accuracy of guided surgery executed on 

the maxilla or mandible. They summarized that there are statistically significant 

differences in the mean error of angle between the implants that placed in maxillary 

and mandible, whereas no statistical significance was found between the maxilla and 

mandible when considered the coronal accuracy and the apical error. 

 

Effect of Flap Approach (Open flap/Flapless) 

According to a systematic review by Zhou and others (13), A total of 190 

implants from three studies compared the effect of flap approach on the accuracy of 

guided surgery. Guided surgery with a flapless approach indicated a statistically 

significantly greater reduction in angle deviation and coronal deviation. For the apical 
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deviation, the outcome revealed no statistically significant difference between flap 

and flapless groups; nevertheless, the global analysis reported that the open-flap 

group had significantly less accuracy than the flapless group. 

 

Influence of Guide Type (Totally Guide vs. Partially Guide) 

According to a systematic review by Zhou et al. (13), there are only two 

studies that evaluated 215 implants reported data comparison of totally and partially 

guided surgery protocols. The results of the prospective study reported that the 

angular deviation was significantly greater in the partially guided surgery group, 

whereas the retrospective study showed no statistical difference. Moreover, the 

meta-analysis showed statistically greater accuracy in the fully guided surgery group 

than the partially guided surgery group when angle deviation is considered.  For the 

deviation at the entry point and apex, the partially guided surgery group showed 

significantly greater error than the fully guided surgery group. 
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Effect of the Guide Fixation 

Zhou et al. (13) measured the influence of guide fixation on the accuracy. A 

total of 123 implants from two retrospective studies were recruited. Based on the 

use of the fixation screw, the significant differences were demonstrated only in the 

error of the angle parameter. However, no statistical differences were observed 

between fixed and unfixed guides for coronal deviation and apical deviation 

parameters. 

 

Effect of mechanical components of a surgical template (Metal sleeve/drill key) 

Schneider and colleagues (29) compared the tolerance of surgical instruments 

of the surgical guided stents manufactured by the 3D printing method without metal 

sleeves to conventional templates with metal sleeves. They experimented by 

recording the lateral movement of drill tips, which is caused by tolerance between 

the sleeve and drill key and between the drill key and the drill. From the results of 

this study, they concluded that the lateral movements of the drill were significantly 

decreased by using a smaller sleeve diameter template, a shorter drill, and a higher 
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drill key. According to the study of Van Assche and Quirynen (30), they also found 

that increasing the height of the drill key will minimize inaccuracy. 

In another recent experimental study, El Kholy and others (31) measured the 

impact of drilling distance, guided sleeve height, and guided key height on the 

accuracy of static CAIS. They found that the less drilling distance was, the more 

accuracy we observed. Reducing the drill distance under the sleeve can be made by 

using shorter sleeve height or shorter implants. 

Koop and colleagues (32) tested the degree of deviation during the drilling 

procedure. They stated that the apical and coronal deviation enlarged if the distance 

of the sleeve from the bone was increased. They also reported that the apical 

deviation, coronal deviation, and angular deviation reduced with enhancing sleeve 

heights. 

 

Effect of Operator’s skill (experienced/inexperienced) 

There are multiple scientific reports have been examined the accuracy of 

stereolithographic surgical templates. Hinckfuss et al. (15) measured the effect of 
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surgical template design, operator’s level of experience, and size of the edentulous 

area on the accuracy. They concluded that the surgeon’s experience statistically 

significantly affects the accuracy of implant placement; furthermore, they found that 

an error angle in the bucco-lingual aspect was smaller in the experienced group. 

These results coincide with those of a study conducted by Cushen and Turkilmaz 

(17). These authors determined the effect of surgeon’s experience on the accuracy 

of implant position with bone support stereolithographic surgical template and 

reported a statistically significant difference between surgeons with and without 

experience groups for angular and horizontal deviation at implant platform and apex.  

On the other hand, Cassetta and Bellardini (18) analyzed the accuracy of 

implant position performed by experienced and inexperienced surgeons. The results 

revealed a statistically significant difference when considered the positioning error, 

whereas no statistically significant differences were found when considered the 

coronal, apical, and angular deviations. 

The study of Rungcharassaeng et al. (19) which had evaluated the effect of 

the operator’s experience on the accuracy of implant placement using a computer-
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guided surgery protocol. This study was executed by ten experienced and ten 

inexperienced surgeons. They reported that there were no significant differences in 

the angular and linear deviations between the two groups (P>.01); nevertheless, they 

found that the amount of depth deviation at the implant platform and the implant 

apex was about twice in the inexperienced operators compared to experienced 

operators. 

According to the study of Park and others (33) which investigated the 

accuracy of a surgical template regarding the different levels of operator experience 

and site of implant placement. Implants were placed in a model with and without 

the surgical guide by two experienced surgeons and two inexperienced surgeons. 

They concluded that no significant differences were found in all deviation 

parameters between experienced and inexperienced surgeons when using the 

surgical guide surgery. 
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4. Accuracy analysis 

 There are several methods to assess the preciseness of 3D computer-guided 

implant surgery. The position of the placed implant can be accomplished by using 

postoperative CT images after implant surgery was done or indirectly valuating from 

the scan abutment attached to the inserted implants.  Accuracy of implant 

placement is obtained by determining the quantity of displacement using reference 

points to quantify the degree of displacement between the planned and placed 

position (3).  

 

4.1 Pre- and Post-Operative CT Comparison 

To measure the error between the actual and planned position of implants, 

two pieces of three-dimensional images need to be superimposed on an identical 

plane (Figure 4). In partial edentulous cases, there is a necessity to mark the 

reference points of both preoperative and postoperative CT data.  For the complete 

edentulous patients, specific reference markers are necessary for superimposition. 
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According to the review by Pyo and colleagues (3), the benefit of this method 

is that it can perform immediately after implant positioning; nonetheless, the 

titanium implant established the radiographic artifacts and caused unclearness of the 

radiographic outline of the implant, which results in the overall expansion of the 

implant contour. 

 

Figure  4 The displacement measurement using the superimposition process of the 

planned position and the placed position (3). 

 

4.2 Pre- and Post-Operative Model Comparison 

This method measures the implant position by taking an impression directly 

or by scanning through the scan body that is attached to the implant instantly after 
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the implant surgery. Thus, the patient does not need to take an additional CT 

radiograph after the implant surgery was done.  To apply this process, the impression 

coping or scan body should be correctly connected to the implant because it may 

cause a critical error in the implant position (3).  

 An implant scan body can be used to determine the placed position with an 

intraoral scanner. This method defines the position of the actual implant by paring 

the scan body outline and the virtual connecting of the implant fixture. When the 

scan body is located, the implant fixture position can be explored by the data in the 

library image (Figure 5) (3).  

 

Figure  5 Accuracy analysis using model comparison method (3) 
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4.3 Displacement Measurement  

According to the previous systematic reviews, standard parameters were used 

in general (Figure 6): 

(1) Linear deviations at the implant platform (mm) 

(2) Linear deviations at the implant apex (mm) 

(3) Angular deviation (degree) 

(4) Vertical deviation in height at the implant platform (mm) 

(5) Vertical deviation in height at the implant apex (mm) 

  

Figure  6 The parameters used to displacement measuring in general (3) 
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For the deviations at the entry point and apex, the most common method is 

to measure the deviations between the planned and actual position as the distance, 

while some studies reported as two individual vectors with a horizontal and vertical 

distance. About the error angle, previous studies mostly reported a degree of 

deviation. For the deviation in height or depth deviation, there was often reported as 

a negative number if the implant was not inserted as deeply as the planned position.   

 

Research questions 

Does the different system of surgical guide affect the accuracy of implant 

position in a single space missing in the anterior region? 

 

Research objectives 

To evaluate the effect of different surgical guide systems on the accuracy of 

single implant placement using a step-by-step computer guide surgery. 
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Statement of hypothesis 

H0: No significant difference would be found between the different static surgical 

guided systems in the accuracy of inserted implants using a static computer-guided 

surgery. 

H1: The significant difference would be found between the different static surgical 

guided systems in the accuracy of inserted implants using a static computer-guided 

surgery.  

 

Conceptual framework 
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Type of study 

Experimental study 

 

Research methodology 

1. Diagram of the study design  

 

2. Materials 

Polyurethane models 

Maxillary bony dentate models of custom polyurethane models with a single 

missing space at the right central incisor were used for the study models. D3 bone 
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type was used for representing the anterior maxillary region. All models had no bone 

defect such as bone dehiscence, fenestration, and vertical or horizontal bone loss 

(Figure 7). 

 

Figure  7 The maxillary model with a single space missing at the upper right central 

incisor. 

 

Implants and static guided systems 

Two implant systems with different static guided concepts were used in this 

study: (1) Straumann Guided Surgery® (SG; Straumann, Switzerland) with Bone Level 

Taper implant 3.3, 10 mm REF 021.3310; and (2) Astra Tech Guided Surgery® EV (AG; 

ASTRA TECH Implant System®, Sweden) with OsseoSpeedTM EV conical implant 3.6, 
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11 mm REF 25224. The implants were placed using the drilling technique and 

insertion protocols following each system. 

 

 

Figure  8 Straumann Guided Surgery® (SG) cassette used in this study. 
 

 

 
Figure  9 Astra Tech Guided Surgery® EV (AG) cassette used in this study. 
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Surgical guided template 

After dental implants were completely planned, the digital drill guides with a 

sleeve were designed, and this information was sent to a dental laboratory for 

surgical template fabrication.  

 

3. Methods 

3.1 Sample size calculation 

The sample size was calculated using means and standard deviations 

obtained from a previous study (19).  The calculation was performed using G*Power 

version 3.1.9.3 Program based on 5% Type I Error, 80% study power. The sample size 

from the calculation was ten subjects in each group.  

Twenty experienced surgeons were recruited from the dentists who 

graduated from Esthetic Restorative and Implant Dentistry Program and had placed 

more than twenty implants with no less than three years of experience. A total of 

twenty participants were randomly divided into two groups by the system they 
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performed in the experiment. Ten operators placed Straumann® Bone Level Taper 

implant 3.3, 10 mm with Straumann Guided Surgery® (SG). Another ten operators 

placed OsseoSpeedTM EV conical implant 3.6, 11 mm with Astra Tech Guided 

Surgery® (AG).  

 

3.2 Intervention 

3.2.1 Model preparation and surgery planning  

All maxillary bony dentate models were scanned by standard cone-beam 

computed tomography (CBCT) with a 3D I-CAD machine (Imaging Science 

International LLC. Hatfield, PA, USA), and were scanned by 3Shape Trios® intraoral 

scanner (3shape A/S, Copenhagen, Denmark). 

 

 
Figure  10 Planning of implant position with 3Shape Implant Studio® software 
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All scan data was transferred to the 3Shape Implant Studio® program (3shape 

A/S, Copenhagen, Denmark) which was used to designate the position of the virtual 

implant. The planned implants were Straumann® Bone Level Taper 3.3, 10 mm 

(Straumann®, Switzerland) and the OsseoSpeedTM EV conical implant 3.6, 11 mm 

(Astra Tech Implant SystemTM, Sweden).  

The surgical drilling protocols of the SG group were created with 2 mm sleeve 

height which is the distance below the sleeve to the implant platform, 3 mm key 

length (the height of the drill key), and the removable metal sleeve was 5 mm in 

length (Figure 12).  

 
Figure  11 Drilling protocol of Straumann Guided Surgery® (SG) used in this study. 
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The surgical drilling protocols of the AG group were automatically produced 

corresponding to the implant length and unable to modify. For the implant length of 

11 mm, the prolongation, which is the distance from the inferior border of the metal 

sleeve to the implant shoulder, was 6 mm. The sleeves, fixed on the drill and the 

removable one, were 4 mm in height (Figure 13). 

 

 
Figure  12 Drilling protocol of Astra Tech Guided Surgery® (AG) used in this study. 

 

The optimal position of the implant was adjusted manually by one dentist. 

After finished the plan, the digital drill guides with a sleeve were designed, and all 

the information was sent to a dental laboratory for surgical template fabrication.  
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3.2.2 Drilling procedure 

Before the surgical procedure starts, the fit of each surgical guide was verified 

via inspection windows and was adjusted manually. Fully guided placement systems 

were used in the present study (Figure 14). All maxillary models were fixed into a 

dental manikin head to simulate the clinical situation. One surgeon performed one 

implant placement. A step-by-step computer-guided surgery was explained to each 

operator. The osteotomy site preparation was operated as the manufacturer’s 

recommendation for each implant system.  An In-and-out motion was done during 

drilling until the depth of the drill reached the reference line depending on systems. 

 

Figure  13 The surgical guided template fabricated from the planned implant 
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Drilling sequences for Straumann® BLT 3.3, 10 mm REF 021.3310 (Straumann®, 

Switzerland) 

- Pilot drill with 2.2 mm diameter (REF 026.0001) was used for the initial bone 

preparation inserted up to 10 mm depth with a maximum of 800 rpm. 

- BLT drill with 2.8 mm diameter (REF 026.2200) was inserted up to 10 mm 

depth with a maximum of 800 rpm. 

- Profile drill with 3.3 mm diameter (REF 026.0003) was used to create the 

shape of the coronal part with a maximum of 800 rpm. 

 

Drilling sequences for OsseoSpeedTM EV 3.6, 11 mm REF 25224 (AstraTech 

Implant SystemTM, Sweden) 

- Twist drill EV with 1.9 mm diameter (REF 25163) was used for the initial bone 

preparation inserted up to 11 mm depth with a maximum of 800 rpm. 

- Step drill EV with 1.9/2.5 mm diameter (REF 25165) was inserted up to 11 mm 

depth with a maximum of 800 rpm. 
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- Step drill EV with 2.5/3.1 mm diameter (REF 25169) was inserted up to 11 mm 

depth with a maximum of 800 rpm. 

- Cortical drill with 3.1/3.6 mm diameter (REF 25195) was used to create the 

shape of the coronal part with a maximum of 800 rpm. 

 

3.2.3 Implant insertion 

After the osteotomy site preparation was completed in all blocks. Implants 

were inserted with an electronic surgical device until they reached the crestal bone 

level. The insertion torque for the implant is to a maximum of 35 Ncm. 

After the implant installation process was done, the scan body was 

connected to the implant fixture. Then, the postoperative model scans were taken 

for all models with 3Shape Trios® intraoral scanner. The STL files of the placed 

implant were exported and superimposed with the STL files of the planned position. 

The measurement of all parameters was automatically calculated by the 3Shape® 

Implant position comparer tool (3shape A/S, Copenhagen, Denmark). 
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Figure  14 Measurement of implant position by 3Shape® Implant Position Comparer 

Tool 

 

3.3 Data collection and analysis 

Four parameters which were used for outcome measurement were as 

follows: (1) coronal deviation (mm); (2) horizontal deviation (mm); (3) depth deviation 

(mm); and (4) angular deviation (degree) (Figure 16). The coronal deviation is 

calculated as the three-dimensional distance between the centers of the planned 

and placed implant platforms. The horizontal deviation is defined as the distance 

between the center of the implant platform of the horizontal axis. Depth deviation is 

the distance of the longitudinal axis between coronal centers of the planned and 
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placed implants. The angular deviation is measured as the angle between the virtual 

and actual implant axis. 

 

Figure  15 Measurement of deviation parameters: coronal (a), horizontal (b), vertical 

(c), and angular deviations (α) 

 

Measurement data was gathered and entered to IBM SPSS Statistics software 

(version22 software SPSS Inc., Chicago, IL). Mean differences between the planned 

and actual position were compared between the SG and the AG groups using an 

independent t-test or Mann-Whitney U test. P-value < 0.05 was considered 

statistically significant.  

b
 c a

α

a = Coronal deviation 
b = Horizontal deviation 
c = Vertical deviation 
α  = Angular deviation
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Ethical consideration 

 There was no ethical consideration as this study was done in the laboratory 

setting. 

 

Expected benefit 

The advantage of this study was to verify the reliability of each surgical guide 

system in the dental market. Moreover, the results of this study will be useful for the 

clinician to select the proper surgical guided system with reliable treatment 

outcomes.  

 

Limitation 

The limitations of this investigation were that it was an in vitro study 

executed under the controlled condition without limit mouth opening situation and 

tissue interruption by patient’s tongue and cheek which may consequently 

underestimate an error.  Besides, this study did not consider and compare the time 
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spent in the implant placement process between two groups. Further investigation 

may examine the time of the implant installation. Another limitation was that this 

study was performed by a limited number of participants; therefore, these 

experimental results might not be able to refer to the clinical situation. Further in 

vitro investigations with a larger number of clinicians, multiple implant fixation, and 

placement at the posterior region are recommended to confirm the results. 

 

 

Results 

A total of twenty participants were divided into two groups; Group 1 

consisted of operators who placed Straumann® Guided system (SG), and Group 2 

included operators who placed Astra Tech® Guided system (AG). The mean, standard 

deviation, minimum, and maximum of all parameters of each group are shown in 

Table 2.  
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Table  2 Accuracy of all parameters measured for all groups. 

Parameters 
Group 1  

SG 
Group 2  

AG 
Mean SD Min Max Mean SD Min Max 

Coronal deviation (mm) 0.63 0.20 0.32 0.87 0.80 0.10 0.64 0.94 

Horizontal deviation (mm) 0.20 0.15 0.01 0.50 0.30 0.12 0.07 0.42 

Depth deviation (mm) -0.53 0.26 -0.14 -0.86 -0.69 0.23 -0.28 -1.0 

Angular deviation (degree) 1.59 0.37 1.00 2.21 1.80 0.41 0.98 2.55 

* AG, Astra Tech® Guide; SG, Straumann® Guide 

 

For the SG group, the mean error of coronal deviation was 0.63 ± 0.20 mm, 

horizontal deviation was 0.20 ± 0.15 mm, depth deviation was -0.53 ± 0.26 mm, and 

angle deviation was 1.59 ± 0.37 degrees. For the AG group, the mean error of coronal 

deviation was 0.80 ± 0.10 mm, horizontal deviation was 0.30 ± 0.12 mm, depth 

deviation was -0.69 ± 0.23 mm, and angle deviation was 1.80 ± 0.41 degrees. The 

comparison of mean and standard deviations between SG and AG groups are shown 

in Table 3 and Figure 16-19. 
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Figure  16 Boxplot graph for coronal deviation 
 

 

 

 

Figure  17 Boxplot graph for horizontal deviation 
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Figure  18 Boxplot graph for depth deviation 
 

 

 

 

Figure  19 Boxplot graph for angular deviation 
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Table  3 Accuracy of all parameters compared between SG and AG group 
 Group 1 

SG 
Group 2 

AG 
 

Parameters Mean SD Mean SD P 

Coronal deviation (mm) 0.63 0.20 0.80 0.10 .034* 

Horizontal deviation (mm) 0.20 0.15 0.30 0.12 .583 

Depth deviation (mm) -0.53 0.26 -0.69 0.23 .625 

Angular deviation (degree) 1.59 0.37 1.80 0.41 .932 

*AG, Astra Tech® Guide; SG, Straumann® Guide 

 

The statistical analysis was performed with SPSS software (IBM Corp., NY, 

USA). All data were analyzed and compared using a Mann-Whitney U test. The 

results revealed a statistically significant difference when coronal (P = 0.034) was 

considered (P<.05). On the other hand, the statistical analysis showed no statistically 

significant differences when horizontal (P = 0.583), vertical (P = 0.625), and angular (P 

= 0.932) deviations were considered (P>.05: Table 3).  
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Discussion 

The results of this in vitro investigation reject the agreement of the null 

hypothesis. The different systems of static surgical guided surgery would affect the 

accuracy of single implant position. There are several pieces of literature investigating 

the influence of surgical guided system and its component on the accuracy of 

implant installation.  

Schneider and others (29) investigated the tolerance of surgical instruments of 

the Straumann Guide® and the Facilitate Guide® systems. The results revealed that 

the lateral movement of the drills were significantly decreased with reduced sleeve 

diameter, shorter drill, and higher drill key.  

Another study by Van Assche and Quirynen (30) which also studied the 

tolerance of two surgical guide systems; Nobel Guide® (NobelBiocare) and Facilitate  

Guide® (AstraTech). They found that the deviation was influenced by the guiding 

system, the implant length, and the sleeve height. 
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Table  4 The comparison of the surgery protocols used in this study. 

System 
Implant 
length 

Sleeve 
height 

FDD 
Sleeve 

diameter 
Sleeve 
length 

Drill key 
height 

Guiding tube 
length 

SG 10.0 2.0 12.0 5.0 5.0 3.0 8.0 

AG 11.0 6.0 17.0 5.2 4.0 - 4.0 

AG, Astra Tech® Guide; SG, Straumann® Guide 

Two static surgical guided systems which were chosen in this investigation 

were Straumann Guide Surgery® (SG), and Astra Tech Guide Surgery® (AG). The SG 

represents the system using the sleeve-in-sleeve concept, while the AG owns the 

sleeve-on-drill concept. From the results of this study, the mean deviation of AG 

group had slightly greater than that of SG group in all parameters, even though that 

differences had no statistically significant except for the 3D deviation at platform. 

The free-drilling-distance (FDD), the distance from the bottom of the metal- 

guided sleeve to the tip of the drill, was the sum of the sleeve height and the 

implant length. According to the surgery protocols of this experiment, the SG group 

used 3.3 x 10 mm bone level taper implants, 2 mm sleeve height, 3 mm key height, 

and 5 mm sleeve length. Thus, the FDD from the calculation was 12 mm. On the 

other hand, the AG group used 11 mm implant length, 6 mm sleeve height, 4 mm 
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sleeve length, and no use of the drill key, therefore the FDD of the AG group was 17 

mm. 

Another reason that may involve the deviation values is the drill guiding tube 

which supports the stability of the surgical drill during drilling. The more immovable 

the drill is, the more accuracy of implant placement gains. The SG group had an 8 

mm drill guiding channel computed from 3 mm key height and 5 mm sleeve length, 

while the AG group had only 4 mm sleeve length without any drill key. 

Choi and others (34) evaluated the length of surgical guided channel and 

found that the angular deviation was significantly controlled by the guiding tube; 

nonetheless, their studies did not investigate other deviation parameters. 

From that dissimilarity in the FDD and the drill guiding channel between the 

sleeve-in-sleeve and the sleeve-on-drill concept may relate to the different amount 

of deviation that occurred. As reported in the previous study, Kholy et al. (31) 

suggested that in order to enhance the accuracy of static computer guided surgery, 

the free drilling distance under the sleeve should be minimized by using shorter 

sleeve heights or shorter implants, whereas the guided key height above the sleeve 
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should be maximized. 

Regarding the diameter of metal sleeve, the SG group has less diameter 

compared to the AG group. This dissimilarity might influence the deviation of implant 

placement. From the study by Schneider and others (29), they concluded the 

smaller sleeve diameter had less lateral movement of the drill. 

All things considered, these findings cannot conclude that the sleeve-on-drill 

concept presents inferior accuracy compared to the sleeve-in-sleeve concept 

because the accuracy of the static CAIS is multifactorial. Many other factors relate to 

the outcome of the implant installation. From the conclusion of numerous previous 

studies, all guide surgery systems offer reliable treatment outcomes and increases 

the accuracy in comparison with a free-hand approach. In other words, surgeons 

have independence in choosing any of the guided surgery systems; however, it is 

suggested to choose the lowest amount of FDD and the highest amount of the 

guiding channel length as long as possible. The surgical drilling protocol should be 

considered and adjusted by the surgeon case by case. The FDD should be as less as 

possible, and the drill guiding tube should be maximized within the capability of 
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access and the surgery site. 

Clinical reports previously revealed the learning curve. There is still an 

ambiguous conclusion about the chronological changes of surgeons on the report of 

gaining of placement skills. Vasak, Watzak (35) found the effect of the learning curve, 

while another study by Valente, Schiroli (23) did not found a clear learning curve 

except for angle deviation and depth deviation; therefore, this study used one 

operator to place one implant to eliminate the influence of the learning curve. 

The amount of depth deviation found in this study in both systems were the 

negative value which means the placed implant position were shallower than the 

planned implant position. Too shallow implant placement can be prevented by 

planning the implant deeper approximately 0.5 mm from the desired depth.  

 

Conclusion 

Within the limitations of this study, the different systems with different 

concepts affected only the 3D coronal deviation. The SG group, representing Sleeve-
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in-Sleeve concept, showed better accuracy when compared to the AG group which is 

the Sleeve-on-Drill concept. Overall, the use of a step-by-step computer guided 

surgery assists the operator to place an implant with reliable accuracy in any system.  
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