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ABSTRACT 

 

An evaluation of the accuracy of  

CAD-CAM-assisted miniscrew surgical guides  

from CBCT and digital models 

 

The purpose of this study was to evaluate the accuracy of miniscrew 

placement using CAD-CAM-assisted miniscrew surgical guides (SG) made 

by fusing CBCT and digital models. Miniscrews were placed in cadaver maxilla 

using stereolithogragphic CAD-CAM-assisted surgical guides (SG group; n = 

25) or periapical X-rays (control group; n = 20). Insertion sites were 

selected using a 3-dimensional surgical planning program by fusing maxillary 

digital model images and CBCT images. Deviations between actual and planned 

placements were measured as 3-dimensional angular deviations and distance 

(coronal, apical) deviations. The results of the present study were as follows. 

 

1. The mean value of the minimum interradicular distance in the maxilla, 

as seen in the CBCT axial view, was 2.80 ± 0.67 mm (mean ± SD). 

2. A statistically significant difference was detected in the long-axis 

angular deviation between the SG group, 3.14°, and the control group, 

9.57° (P <0.001). 



vi 

3. The 3-dimensional linear distance deviations of miniscrews in the SG 

group were 0.73 mm at the coronal position and 0.73 mm at the apex. 

For the control group, these values were 1.56 mm, and 1.28 mm, 

respectively. Statistically significant differences were observed 

between the SG and control groups for both values (P <0.01). 

4. Deviations differed significantly between operators in the control group 

(P <0.05), but not in the SG group. 

5. The SG group had significantly more screws that were classified as 

middle position than the control group (P <0.05). 

 

Surgical guide accuracy was improved by construction using digital model 

imaging. Miniscrews were placed more accurately when surgical guides were 

used than when a direct method was used. The stability of miniscrews was 

greater when inserted using CAD-CAM-assisted surgical guides than when 

inserted using X-ray radiographs. The accuracy of miniscrews was 

independent operator’s skills when using surgical guides. This results were 

reflected expectation of using surgical guides clinically. 

 

 

 

\ 

 

Key words: Miniscrew, CAD-CAM-assisted surgical guides, CBCT, Digital models, 

Linear and angular deviation, Accuracy.  
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An evaluation of the accuracy of CAD-CAM-assisted 

miniscrew surgical guides from CBCT and digital models 

 

MIJU BAE, D.D.S. 

 

Department of Dental Science, Graduate School, Yonsei University 

(Directed by Professor Jung Yul Cha, D.D.S., M.S.D., Ph.D) 

 

I. Introduction 

 

Orthodontic miniscrews provide skeletal anchorage with the advantages of 

being easy to implant and do not require the cooperation of patients. 

Therefore, the use of skeletal anchorage has increased as they are able to 

overcome the limitations of conventional orthodontic treatment methods and 

several studies have reported this(Leung et al., 2008; Livas et al., 2006; 

Prabhu and Cousley, 2006; Rungcharassaeng et al., 2005). As the use of 

miniscrews has increased, various studies regarding methods for providing 

improved stability of miniscrews after or during placement have been 

published(Kim et al., 2009; Lee et al., 2009; Topouzelis and Tsaousoglou, 

2012; Wang et al., 2009). 

The most common problem encountered during miniscrew insertion is the 

lack of precise knowledge of the anatomy of the insertion area. There are 

several methods that have been described in the literature to enhance the 
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precision of the insertion of the screws. CBCT based surgical guides are 

indicated especially in patients with risky anatomical situations or patients in 

which insertion is difficult(Liu et al., 2010; Morea et al., 2011; Qiu et al., 

2012). 

The proximity of miniscrew to tooth structures has been reported to be a 

major risk factor for failure. Kuroda et al. classified the success rates of 

miniscrews depending on root proximity. In the root contact group, the 

success rate of implantations in the mandible was low (35.3 %)(Kuroda et al., 

2007). Though some authors argue that root surfaces in contact with 

miniscrews exhibit swift repair and heal almost completely with removal of 

the miniscrew or orthodontic force(Kadioglu et al., 2008), there are 

conflicting previous reports that associate root contact with lower miniscrew 

success rates(Chen et al., 2008; Kuroda et al., 2007; Motoyoshi et al., 2009). 

Root contact is most often due to limited interradicular space at the 

implantation site(Hu et al., 2009; Kim et al., 2011; Kuroda et al., 2007; 

Monnerat et al., 2009; Poggio et al., 2006). Taking the anatomical 

interradicular distances and thickness of cortical bone into consideration, 

orthodontic miniscrews that are 1.2 - 1.6 mm in diameter and 6 - 7 mm in 

length are recommended(Lim et al., 2008; Poggio et al., 2006). In addition to 

anatomical factors, root contact that occurs as a result of the skill level of the 

operator contributes to a decrease in the stability of miniscrews(Park et al., 

2010). 
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To improve the stability and success rate of miniscrews, placement 

methods that minimize root contact are being developed. The conventional 

wire-guide method, in which a simple wire is used in conjunction with 

periapical x-ray radiographs, is often used. Another method, in which 

miniscrews are placed using a resin splint-type guide that is made from a 

plaster model, has also been introduced(D’Haese et al., 2010; Horwitz et al., 

2009; Park et al,. 2009; Valente et al., 2009). 

Recent improvements in 3-dimensional (3D) imaging techniques have 

provided a means to overcome the limitations of 2-dimensional (2D) images. 

The positional relationships of roots can only be seen on radiographic images, 

and it is difficult to predict the accurate location and distance using only 2D 

X-ray radiographs. However, application of computed tomography (CT) 

techniques to 3D dental images has made it possible to accurately evaluate 

the spatial and positional relationships between teeth(Kim et al., 2009; Lee et 

al., 2009; Lim et al., 2008; Park et al., 2010; Park and Cho, 2009). Methods 

for the construction of guides for miniscrew placement that use 3D imaging 

techniques, such as cone-beam CT (CBCT), 3D software, and 

stereolithography apparatuses have been reported(Suzuki and Suzuki, 2008; 

Taiji and Yoich, 2010; Xiaojun et al., 2007). However, studies regarding 

clinically applicable miniscrew surgical guides are still insufficient due to 

difficulty in minimizing the intraoral size of guides as well as limits to the 

accurate fabrication of miniscrew surgical guides using 3D images. 
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Therefore, the purpose of this study was to evaluate the accuracy of the 

miniscrew placement using CAD-CAM-assisted miniscrew surgical guides 

that were constructed after planning appropriate insertion sites using 3D 

images created by fusion of CBCT and digital model images. The stability of 

miniscrew placement independent of the operator’s skill level when the 

surgical guide was utilized was also investigated. With the use of CBCT and 

digital model images, we propose that the resulting miniscrew surgical guides 

are simpler in design and easier to use clinically. 
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II. Materials and methods 

 

A. Study materials 

The miniscrews (BMK® , Biomaterials Korea, Seoul, Korea) used in this 

study were cylinder-type miniscrews that were 1.5 mm in diameter and 7.0 

mm in length. A total of 45 miniscrews (surgical guide (SG) group n = 25, 

control group n = 20) were placed. Miniscrews were placed in 12 cadaver 

maxilla with sound bone quality and soft tissue (Table 1). 

 

B. Making and scanning models 

Impressions of cadaver maxilla were taken in order to make plaster models. 

Regular and light Aquasil Ultra®  (Dentsply, New York, USA) and rubber 

 

Table 1. Number of miniscrews used in the surgical guide group and the 

control group 

 

 

 

 Surgical guide group Control group 

Ilat-C 2 3 

C-Pm1 5 3 

Pm1-Pm2 6 6 

Pm2-M1 6 4 

M1-M2 6 4 

Total 25 20 

Ilat, lateral incisor; C, canine; Pm, premolar; M, molar 
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Fig. 1. Planning procedures for miniscrew implantation.: a, CBCT image of 

        maxilla; b, scanned image of maxilla; c, merging of CBCT image and 

scanned image; d, simulation of miniscrew implantation with the 

merging 3-D images; e, determination of site of implantation from 

axial views of reconstructed images; f, determination of site of 

implantat ion from coronal views of reconstructed images 

 

impression materials were used to take impressions. Plaster models were 

made by pouring New Plastone White®  (GC, Tokyo, Japan) into the 

impressions. Plaster models were reconstructed into digital models using an 

Orapix KOD-300 scanner®  (Orapix, Seoul, Korea) for fusion with CBCT 

images. CBCT Rayscan Symphony®  (Ray Inc., Kyungi Province, Korea) 

images were obtained for each cadaver maxilla. Default values used for 

obtaining both pre and post operative images were: 80 kVolt, 10 mA, and 0.5 

mm focal spot size (Fig. 1a, b). 
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C. Choosing insertion site and fabricating surgical guides 

The digital model images were fused with CBCT images using 3D-software 

(OnDemand 3D®
, Cybermed, Seoul, Korea) (Fig. 1c). A 3D CT image was 

constructed using the axial view in the CBCT data. Three points were 

designated on this image and on the digital model image first, then the surface 

of a desired site was chosen for fusion of the images. After the interradicular 

distances were measured on the fused images, miniscrew placement was 

planned using imaginary miniscrews. When planning miniscrew placement, the 

relationship between the roots and insertion depth were evaluated in the axial 

view, though the coronal view and digital models were also taken into 

consideration. Positive angulation was given to the occlusal plane 4 - 6 mm 

from the cervical area, according to the ideal insertion location reported in the 

literature(Lim et al., 2008). Imaginary placement was conducted while 

allowing for deviation of the insertion angle according to the surface of the 

insertion site and the slope of the alveolar bone(Lim et al., 2008; Park et al., 

2010) (Fig. 1d). 

The placement plan file was uploaded onto the dental laboratory’s website 

for surgical guide fabrication. The surgical guides had a tooth-borne shape 

and each guide included 4 teeth to ensure stable retention. Surgical guides 

were made using a CAD-CAM method, and included metal sleeves so that 

miniscrews could be placed at the planned location (Fig. 2a). 
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D. Placement of miniscrews 

In the control group, the position of the miniscrews was determined using 

2D periapical x-ray radiographs that were reconstructed from CBCT imaging. 

Control group miniscrews were placed by measuring placement height using a  

 

 

Fig. 2. Surgical guide system instruments.: a, fabricated surgical guide with a 

tooth-borne shape, including 4 teeth for stable retention; b, miniscrew 

pre-drill driver that is 4.0 mm long and is used before miniscrew 

implantation; c, miniscrew driver that has a step to prevent operators 

from placing miniscrews too deeply 

 

dental probe via a direct manual method. In the SG group, after placing the 

surgical guide, pre-drilling was performed using a 1.2 mm width pre-drilling 

driver. And the miniscrews in this group were placed using a miniscrew 

driver that was guided by the surgical guide (Table 1) (Fig. 2 b, c). 

Miniscrews were placed by 2 orthodontists. CBCT scanning of both the SG 

group and the control group were obtained after placement. 
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E. Analysis of the accuracy of placement 

We used the 3D analysis program to determine deviations in angle and 

location between planned and actual miniscrew placement in real cadaver 

maxillas. CBCT images taken before and after miniscrew placement were 

superimposed on the 3D axis. The file containing the planned miniscrew 

placement was opened over this superimposed image to compare the 

locations of the planned and actual miniscrew placements. The angular 

deviation was measured using the long axis of the miniscrews, and the 

distance deviation was measured at the coronal and apical areas of the 

miniscrews(Liu et al., 2010; Morea et al., 2011; Qiu et al., 2012; Valente et 

al., 2009). 

 

Fig. 3. Comparison of planned miniscrew placement and actual miniscrew 

placement.: a, angular deviation was measured along the long axis of  

miniscrews; b, distance deviation in 3-D space was measured at the  

coronal and apex areas of the miniscrews 
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In the CT co-ordinate system, the dx value indicates the depth of the 

miniscrew, the dy value indicates the mesio-distal location, and the dz value 

indicates the vertical position of miniscrews. These values are reported as a 

sum value that was converted to a linear distance in 3D space (Fig. 3). 

After placement, miniscrews were categorized into one of three 

classifications. These classifications were: middle position, wherein 

miniscrews were placed in between the roots of the tooth; root contact, 

wherein miniscrews were placed in contact with the roots of the tooth 

(invading the periodontal ligament space); and root damage, wherein 

miniscrews were placed so that they damaged the roots, as indicated by the 

CBCT axial view. The frequencies of these classifications were compared 

between experimental groups. 

 

F. Statistical Analysis 

Each variable was measured twice, with 2 weeks between each 

measurement, and there was no significant difference between measurements 

(P >0.05). The height and angle of miniscrew insertion and the minimum 

interradicular distance are reported as means and standard deviations. 

Deviations between the planned and actual miniscrews are reported as 

medians (minimum, maximum) because the deviations for neither the SG 

group nor the control group were normally distributed. In order to find the 

differences in angle and location of miniscrew placements as well as 
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differences between operators within the control and SG groups, Wilcoxon 

two-sample tests were performed using nonparametric Wilcoxon scores 

(rank sums). Group differences in classification frequency of root proximity 

were determined to be significant if Fisher’s exact test yielded P <0.05. 
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III.  Results 

 

The mean value of the minimum interradicular distance in the maxilla, as 

seen in the CBCT axial view, was 2.80 ± 0.67 mm (mean ± SD) (Table 2). 

A statistically significant difference was detected in the long-axis angular 

deviation between the SG group, 3.14°(1.02, 10.9), and the control group, 

9.57 ° (3.15, 35.60) (P <0.001). The 3D linear distance deviations of 

miniscrews in the SG group were 0.73 mm (0.26, 1.12) at the coronal 

position and 0.73 mm (0.24, 2.07) at the apex. For the control group, these 

values were 1.56 mm (0.59, 2.95), and 1.28 mm (0.26, 3.81), respectively. 

Statistically significant differences were observed between the SG and 

control groups for both values (P <0.01). 

The dx, dy, and dz deviation values in the SG group at the apex were 0.38 

mm (0.01, 1.11), 0.21 mm (0.03, 0.97), and 0.39 mm (0.04, 1.42), 

respectively. We found no statistically significant differences in dx and dy 

values between the planned and actual placements (Table 3).  

The coronal dz deviation values in the SG group and the coronal sum, dx, dy, 

and apex dy deviation values in the control group differed significantly 

between operators (Table 4). 
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Table 2. Average of minimum interradicular distance between teeth (mm)  

 

Miniscrew implantation area 
Total 

Ilat-C C-Pm 1 Pm 1-Pm 2 Pm 2-M 1 M 1-M 2 

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

2.43 0.20 3.00 0.87 2.89 0.51 2.96 0.89 2.62 0.48 2.80 0.67 

Ilat, lateral incisor; C, canine; Pm, premolar; M, molar 

 

 

Table 3. Difference in angle and distance between planned and actual implanted 

miniscrews 

 

  
Surgical guide Control 

Sig. 

 
Median Minimum Maximum Median Minimum Maximum 

Δdegree(°) 3.14 1.02 10.9 9.57 3.15 35.60 * 

Coronal 

(mm) 

Sum 0.73 0.26 1.12 1.56 0.59 2.95 * 

dx 0.40 0.03 1.05 0.30 0.08 1.55 
 

dy 0.29 0.03 0.73 0.81 0.12 2.36 † 

dz 0.35 0.01 0.76 0.69 0.11 2.57 † 

Apex 

(mm) 

sum 0.73 0.24 2.07 1.28 0.26 3.81 † 

dx 0.38 0.01 1.11 0.33 0.04 1.39 
 

dy 0.21 0.03 0.97 0.36 0.02 3.02 
 

dz 0.39 0.04 1.42 0.91 0.12 3.74 ‡ 

*P <0.001, †P <0.01, ‡P <0.05 
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Table 4. Comparison of miniscrew placement accuracy by operators in surgical  

guide group and control group 

 

 

 

Surgical guide 

Sig. 
 Operator 1 Operator 2 

 
Median Minimum Maximum Median Minimum Maximum 

Δdegree(°) 4.20 1.43 8.08 2.47 0.46 11.51  

Coronal 

(mm) 

sum 0.58 0.22 1.00 0.80 0.44 1.12  

dx 0.37 0.01 0.95 0.55 0.10 1.06  

dy 0.32 0.01 0.74 0.26 0.01 0.70  

dz 0.13 0.01 0.58 0.45 0.13 0.82 † 

Apex 

(mm) 

sum 0.55 0.20 1.49 0.82 0.36 2.14  

dx 0.22 0.01 0.91 0.48 0.01 1.16  

dy 0.19 0.02 0.60 0.28 0.03 0.98  

dz 0.35 0.00 1.43 0.40 0.08 1.88  

*P <0.001, †P <0.01, ‡P <0.05 

 

 
 

 

Control 
Sig.  Operator 1 Operator 2 

 Median Minimum Maximum Median Minimum Maximum 

Δdegree(°) 8.97 4.53 35.61 9.79 2.91 22.21  

Coronal 

(mm) 

sum 0.96 0.57 1.75 1.82 2.95 2.95 ‡ 

dx 0.22 0.04 0.77 0.45 1.60 1.60 ‡ 

dy 0.32 0.10 0.93 1.33 2.42 2.42 † 

dz 0.87 0.18 1.70 0.66 2.60 2.60  

Apex 

(mm) 

sum 0.99 0.25 3.83 1.62 3.65 3.65  

dx 0.36 0.05 1.16 0.30 1.43 1.43  

dy 0.23 0.02 0.70 0.63 3.04 3.04 ‡ 

dz 0.90 0.02 3.77 1.04 2.34 2.34  
*P <0.001, †P <0.01, ‡P <0.05 
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Table 5. Statistical comparison of miniscrew placement (middle positioned  

         group) between surgical guide group and control group using Fisher’s  

exact-test 

 

 

 

 

 

 

 

 

 

Fig. 4. The relative positions of miniscrews and roots on CBCT images taken  

      after miniscrew insertion.: a, miniscrews well-placed between roots; b, 

placement of miniscrews causing damage to roots 

 

After implantation, 84.0 % of screws in the SG group were classified as 

middle position and 16.0 % as root contact. There no screws classified as 

root damage in the SG group. In the control group, 50.0 % of screws were 

classified as middle position, 30.0 % as root contact, and 20.0 % as root 

damage. The SG group had significantly more screws that were classified as 

middle position than the control group (P <0.05) (Fig. 4). 

 
Surgical guide(n=25) Control(n=20) 

 

P value 

Middle position 21 (84.0 %) 10 (50.0 %) 0.016
*
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IV.  Discussion 

 

A direct manual method is commonly used for the placement of 

miniscrews, and various methods for minimizing root damage have been 

suggested. In the direct manual method, root damage is reported to be 

reduced when insertion is 4 - 6 mm below the alveolar crest(Lim et al., 

2008). A vertical insertion angle of 30 - 45°is advantageous(Lim et al., 

2008), and distal tilting of 10 - 20°is reported to be safe(Park et al., 2010). 

However, according to a study by Kuroda et al.(Kuroda et al., 2007), 

contact with or damage to anatomical structures around the roots of teeth 

occurred in 47.4 % of maxillary and 48.3 % of mandibular miniscrews that 

were placed using a direct manual method. Therefore, orthodontic 

miniscrews inserted using the direct manual method can cause unexpected 

damage to anatomical structures around teeth because this method depends 

on the senses of the operator, whose vision may be limited. 

3D image programs are already being used to determine accurate 

positioning and to make surgical guides for prosthetic implantation. CT scans 

are taken for evaluation of alveolar bone condition, and the positions of 

implants are determined based on 3D digital images that are reconstructed 

from CT data(D'Haese et al., 2012; Horwitz et al., 2009; Valente et al., 2009; 

Xiaojun et al., 2007). In a previous ex vivo study that used CAD-CAM 
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implant surgical guides, the mean deviation angle between planned and actual 

implants was 3.9°and the distance deviation at the miniscrew apex was 0.90 

mm(D'Haese et al., 2012). In an in vivo experiment, the mean deviation angle 

was 3.54°and the distance deviation at the miniscrew apex was 1.64 mm 

(D'Haese et al., 2012). 

Reconstructing 3D digital images from CT images alone is associated with 

several problems, such as distortion of the CT image or the formation of 

artifacts due to a metal substance in the mouth or a beam-hardening effect. 

The use of digital model images that are comprised of scanned images of 

plaster models, in combination with CT images, is reported to overcome these 

problems(Taiji and Yoich, 2010). 

In this experiment using cadavers, the accuracy of placement of orthodontic 

miniscrews was improved when compared to previous reports measuring the 

difference between planned and actual placement of prosthetic implants. The 

angular deviation was 3.14°and the linear distance deviation was 0.73 mm  

coronally and 0.73 mm apically when SGs were used. Because the mean 

interradicular distance in this experiment was 2.80 ±  0.67 mm, and the 

diameter of the miniscrews was 1.5 mm, there was an expected 0.6 mm of 

space between the miniscrew and root to allow for any mesio-distal deviation. 

In the SG group, the mesio-distal deviation was 0.29 mm coronally and 0.21 

mm apically. This suggests that root contact was rare and miniscrews could 

be stably placed. 
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Previous experiments comparing surgical guides to other methods of 

miniscrew placement showed that miniscrews were placed with the narrowest 

range of deviation when surgical guides were used(Suzuki and Suzuki, 2008). 

These experiments were limited, however, because miniscrew placement 

planning, measurement of angular deviation, and measurement of distance 

deviation were all performed using periapical x-ray images that did not 

permit a complete understanding of 3D positional relationships. Miniscrews 

that appear to be invading the root on periapical x-ray images have been 

found to be placed between roots, without damage to the roots on CBCT 

images(Kuroda et al., 2007). Therefore, 3D x-ray images are absolutely 

necessary for accurate evaluation of the insertion position of miniscrews. 

The accuracy of miniscrew surgical guides that were made using a 3D 

planning program based on CBCT images has also been reported elsewhere. 

Liu et al.(Liu et al., 2010) reported that the angular deviation was 1.2 ± 0.43° 

and the mesio-distal deviation was 0.42 ± 0.13 mm at the apical area when 

using SGs. Similarly, Morea et al.(Morea et al., 2011) reported that the 

angular deviation was 1.76° and the 3D linear distance deviation was 0.86 

mm (coronal) and 0.87 mm (apex) using surgical guides. However, the 

surgical guides that were used in these studies covered more than 2-

quadrants, or all of the teeth. And in order to use the surgical guides 

described in these previous studies, a simpler design and control of artifacts 

during CT image reconstruction could increase their clinical efficacy. 
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Conversely, the miniscrew surgical guides used in this experiment aided in 

more accurate miniscrew placement than reported in previous studies. 

Furthermore, guide fabrication was simpler as the number of teeth covered 

could be varied, depending on retention. 

When miniscrews were placed by two operators with different levels of 

experience, there was little difference in the accuracy of placement between 

the two operators when surgical guides were used. This implies that 

deviations between operators can be reduced through the use of surgical 

guides. In the SG group, the insertion height at the coronal area was 

significantly different between operators. This difference at the coronal area 

has a low correlation with root contact. In the control group, on the other 

hand, screws placed by the two operators were significantly different in 

coronal sum, dx, and dy values and in the apex dy value. The difference in dy 

value represents a mesio-distal discrepancy that was related to root contact 

during implantation of miniscrews. Significant differences between groups 

suggest that the likelihood of root contact depends on the operator’s 

experience in miniscrew placement using the direct manual method. 

In the control group, the percentage of cases classified as root damage or 

root contact was 50.0 %. This is a high frequency that occurred even though 

the insertion site was determined using periapical x-rays in advance. Root 

contact and miniscrew mobility are significantly correlated with miniscrew 

stability(Wang et al., 2009). In addition, damage to the periodontal ligament 
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from miniscrews is a typical reason for early loosening of miniscrews, and 

contact of miniscrews with adjacent structures around the root results in 

their failure. As the distance between the root and miniscrew decreases to 

than 0.6 mm, the incidence of root resorption increases, and can progress to 

bone resorption and ankylosis in severe cases(Lee et al., 2010).  

In this current study, CBCT images after placement revealed no root 

contact or damage by miniscrews in the SG group, and 16.0 % of miniscrews 

were close to the PDL space. The stability of miniscrews is affected by the 

positional relationship between the miniscrews and the anatomical structures 

around roots, and the success rate of miniscrews has been reported to be 

90.9 % when surgical guides are used(Miyazawa et al., 2010). Although the 

long-term stability of miniscrews could not be analyzed in this cadaver study, 

the success rate of miniscrews placed using surgical guides is expected to be 

higher than that of miniscrews placed using direct placement methods, 

because of the lower incidence of root damage that is associated with the use 

of surgical guides. 

When using the direct method, if the interradicular relationship appears 

clear and the interradicular distance seems sufficient in 2D radiographic 

images, such as the panoramic or periapical views, miniscrews can be 

implanted successfully. Furthermore, if miniscrews are placed by an 

experienced orthodontist, the success rate will probably be higher. However, 

when 2D images of the desired implantation site do not portray an accurate 
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interradicular relationship, when the interradicular distance is short, or when 

there are significant anatomical structures nearby such as the maxillary sinus 

or nerve canal, 3D imaging, like CBCT, may be necessary in planning 

miniscrew implantation. Although CBCT imaging is not conventionally 

prescribed considering the cost and the amount of radiation, it can be a 

valuable tool for fabricating surgical guides for successful placement of 

miniscrews when used selectively incases where there are limitations to 

miniscrew placement. Furthermore, the results of this study indicate that 

when there are limitations near the insertion site, surgical guides can help to 

increase the success rate of miniscrews placed regardless of the operator’s 

skill level. 

Placement deviation can occurs while merging CBCT and digital model 

images or fusing pre and post CBCT images for mechanical errors in 3D 

program. In order to reduce placement deviation, merging technique should be 

more precise and SG retention during implantation should be increased so 

that they are not dislodged as a result of implantation force during placement. 

The long-term stability of miniscrews also needs to be evaluated in 

orthodontic patients with miniscrews that were placed using surgical guides. 
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V. Conclusion 

 

Compared to previous studies, the accuracy of CAD-CAM-assisted 

surgical guides was improved by using a fusion of CBCT images and digital 

model images. There was no significant difference between the planned 

placement and the actual placement of miniscrews using these improved 

surgical guides.  

Miniscrews were placed more accurately when surgical guides were used 

than when a direct method was used. Statistically significant differences were 

observed between the surgical guide and control groups for both angular and 

distance values. 

Differences in miniscrew placement between operators significantly 

decreased when surgical guides were used, as compared to controls. It 

suggested that the likelihood of root contact depends on the operator’s 

experience in miniscrew placement using the direct manual method. 

Miniscrews placed using surgical guides did not cause damage to 

surrounding anatomical structures. The SG group had significantly more 

screws that were classified as middle position than the control group. 

Additionally, because of surgical guides combined with CBCT and digital 

model images were simpler in design and fabrication processes than CBCT 

based surgical guides, it was expected easier to use clinically. 
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국 문 요 약 

 

CBCT와 Digital model을 이용한  

CAD-CAM-assisted miniscrew surgical guide의 

정확성 평가 

 

배미주 

연세대학교 대학원 치의학과  

(지도교수 차정열) 

 

이 연구의 목적은 CBCT와 디지털 모델을 병합(fusion)하여 제작한 CAD-

CAM-assisted 미니스크류 surgical guide를 이용하여 미니스크류를 식립 할  

경우 미니스크류 식립 위치의 정확성을 평가하고자 한다. 

한국인 시신 12구의 상악골을 대상으로 CAD-CAM-assisted 미니스크류 

surgical guide를 이용한 SG군(n=25)과 치근단 방사선 사진을 이용한 대조군 

(n=20)으로 나누어 총 45개의 미니스크류를 식립하였다. 상악골의 디지털 모델 

영상과 CBCT 영상을 병합(fusion)하여 3차원 surgical planning program을 

통하여 미니스크류 식립 위치를 계획하였다. SG군과 대조군에서 각각 실제 식립한 

미니스크류와 가상의 미니스크류 간의 각도 편차 및 3차원 거리 편차(coronal, 

apical)를 각각 측정, 비교하여 다음과 같은 결과를 얻었다.  

 

1. CBCT의 axial상에서 상악 치아의 최소 치근간 거리를 측정한 결과 평균 

2.80 ± 0.67 mm 로 나타났다. 

 

2. 미니스크류 장축에 대한 각도 편차는 SG군에서 3.14°, 대조군에서 

9.57°로 유의한 차이를 나타내었다 (P <0.001). 
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3. 3차원 직선 거리 편차는 SG군 coronal에서 0.73 mm, apical에서 0.73 

mm 로 측정되었으며, 대조군 coronal에서 1.56 mm, apical에서 1.28 

mm 로 측정되었다. 이 둘 사이에 모두 유의한 차이가 관찰되었다 (P 

<0.01). 

 

4. 대조군의 경우 식립을 시행한 술자 간의 유의한 편차를 나타내었으나 (P 

<0.05), SG군의 경우 차이를 나타내지 않았다. 

 

5. SG군에서 대조군보다 middle position으로 분류된 미니스크류가 유의하게 

더 많았다 (P <0.05). 

 

Surgical guide의 정확성은 디지털 모델 이미지를 사용하여 제작한 경우에서 더 

향상되었다. 미니스크류는 통상적인 직접 식립법 보다 surgical guide를 

사용하였을 경우 더 정확하게 식립되었으며, 이에 따라 미니스크류의 안정성이 

증가할 것을 예측할 수 있었다. Surgical guide를 사용한 경우 술자의 숙련도에 

따른 미니스크류 식립 정확성의 의존도는 낮아졌으며, 기존 surgical guide에 비해 

좀더 간편한 제작 과정과 디자인으로 효율적인 임상 적용을 기대해 볼 수 있었다.  

 

 

 

 

 

 

 

 

 

 

 

 

핵심되는 말: 미니스크류, CAD-CAM-assisted surgical guides, CBCT, 디지털 모델, 

거리와 각도 편차, 정확성 


