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Introduction

Proper implant position is fundamental to achieve esthetic and 
functional implant-supported prostheses.1 A meticulous preoperative 
diagnostic and implant planning is mandatory to obtain predictable 
results. The most conventional way of placing an implant was to cre-
ate a radiographic guide templates and then converting it to a surgical 
guide template after cone-beam computed tomography (CBCT) is 

taken.2 This manual fabrication of guide templates involves possibly 
inaccurate laboratory procedure, and would lead to the difficulty in 
placing the implant fixture as planned.3 In recent years, the matching 
of 3-dimensional (3D) cone-beam computed tomography (CBCT) 
dataset in digital imaging and communications in medicine (DICOM) 
format and 3D Mesh dataset in STL format has begun and allowed 
the introduction of digital surgical guide. Those images are used for 
planning the placement of implants considering bone, mucosa, and 
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teeth.4 Using digital surgical guides, drilling and placing implants at 
a predetermined position became more predictable, which decreases 
errors in the implant placement compared to the traditional method. 
In addition, the advantages of this digital guide system are minimal 
invasiveness, accurate implant placement, less post-surgical discom-
fort and reduced time required for surgery.5-7

Image surface mapping enables the matching images between 
CBCT and mesh using at least 3 congruent points.8 This image 
registration protocol is applicable when enough number of teeth is 
remained and distributed in oral cavity. This condition is important in 
order to create a virtual oral cavity same to the corresponding patient 
by the image superimposition.9,10 In patients with extensive tooth 
loss, the use of additional markers has been suggested to improve 
the accuracy of image registration.11-13 Recently, a new protocol us-
ing a micro-screw was introduced for enhancing the accuracy of 
computer-guided implant surgery in a fully edentulous jaw.14 The 
effects of micro-screw use was shown in terms of image fusion and 
guide positioning in a clinical report.15 However, the effect of micro-
screw on the operator performance factors of image registration pro-
cess in unknown. The purpose of this study was to evaluate whether 
the use of micro-screw influences the operators’ working time and 
convenience on the image registration process for computer-guided 
implant surgery. The null hypothesis was that there is no difference 
between conventional and micro-screw assisted image registration 
methods in the time and convenience. 

 

Materials and methods 

A mandibular dental model was prepared in the form of Kennedy 
Class I edentulism. Two micro-screws were placed on the each side 
of retromolar area using an electric torque driver (MEG-TORQ, 
MegaGen, Daegu, Korea), and scan caps were connected to the 
micro-screws. Afterwards, the surface of the mandibular model was 
digitized by using an intraoral scanner (CS 3600, Carestream, Roch-
ester, NY, USA), and the scan image was saved in standard tessella-

tion language (STL) format. Then, radiographic images were taken 
by using a CBCT scanner (PaXFlex3D, Vatech, Seoul, Korea) with a 
field of view of 120 × 85 mm, voxel size of 0.2 mm, exposure condi-
tions of 90 kVp, 10 mA, and a 24-s pulsed scan (Fig. 1). Data were 
saved in the DICOM format.

The STL and DICOM data were imported into a dental software 
program (R2GATE v1.1.1, MegaGen, Daegu, Korea) for computer-
aided implant surgery planning and guide fabrication. Using volume 
rendering, the DICOM data were reformatted as a 3D reconstruction 
image with which the surface scan data were merged. The image reg-
istration was conducted manually by designating 3 congruent points 
from the two images. The registration process was carried out two 
times per each operator with different matching conditions (Fig. 2). 
In the first matching, matching points were limited to the remaining 
teeth. In the second matching, the scan cap images were included as 
matching areas, as well as the tooth image. Twelve dental graduates 
who were blinded to the purpose of study and had same the working 
year in the dental filed, participated in this study. While performing 
the registration process, working time was recorded for each condi-

Fig. 1. Cone-beam computed tomography taking of study model.

Fig. 2. Image matching process in different conditions. (A) Image matching with remaining teeth alone, (B) Image matching with teeth and micro-screws. 
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tion. After finishing the image registration, operators’convenience 
and satisfaction on each matching condition was investigated using a 
questionnaire (Fig. 3). 

All data were reported as the mean ± standard deviation. The 
Mann-Whitney U test were used to compare the amounts of perfor-
mance time, convenience, satisfaction between the 2 groups. Statisti-
cal analyses were performed using SPSS 25.0 for Windows (SPSS 
Inc., Chicago, IL, USA). A P value < .05 was considered significant.

Results

The results of this study is shown in Table 1. The performance 
time was not statistically different between image registration condi-
tions (P > .05). As for operator convenience and satisfaction evalu-
ations, micro-screw assisted image registration condition showed 
higher values than the condition teeth alone used (P < .001). In the 

analyses among factors, performance time and operator satisfaction 
did not show tendency. In the other hand, operator convenience and 
satisfaction showed positive correlation (Fig. 4).

Fig. 3. Questionnaire for evaluating the convenience and satisfaction of operators based on workflow of different matching conditions.

Table 1. Mean ± Standard deviation of performance time, convenience, sat-
isfaction according to image registration conditions

Image registration condition
Tooth alone Micro-screw assisted P

Performance 
time (second) 304.1 ± 140.7 302.9 ± 258.6 > .05

Convenience 
(0-10) 5.1 ± 1.2 8.1 ± 0.7 < .001

Satisfaction
(0-10) 4.6 ± 1.3 8.3 ± 0.5 < .001
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Discussion 

The premise of this article is that the presence of micro-screw 
in the oral cavity can increase the time efficiency and convenience 
on the image matching of radiographic and digital scan data in 
computer-guided implant surgery as an additional fiducial marker. 
The finding of the study demonstrated that the micro-screw use did 
not reduce the performance time, but increased convenience of the 
process. Thus, the null hypothesis, there is no difference between 
conventional and micro-screw assisted image registration methods in 
the convenience and time, was partially rejected. 

In the past several years, with the introduction of CBCT and 3D 
printing into the field of implant dentistry, computer-aided design/
computer-aided manufacturing (CAD/CAM) technology brought a 
great evolution of new treatment concepts to dental implant treat-
ment.16 CBCT and 3D implant planning software provides clinicians 
not only 3D information of patient’s anatomic structures, but also 
data regarding the patient’s final prosthesis. These digital data can 
be combined with the CAD/CAM technology and further lead to a 
digital workflow ending with the production of stereolithographic 
template via a prototyping system.17,18 

Nowadays, two types of techniques are available in transferring 
the planned implant position information to the clinical situation,: 
dynamic and static.19 Dynamic guided implant surgery uses the 
navigation technique with a software provides a real-time feedback 
which allows to adjust the implant position and any modification 
if necessary. However, this dynamic system is not frequently used 
mostly due to the high costs of the equipment requested and compli-
cated software. The static or application of surgical templates is less 
flexible in regard to changing the surgical plan as the information is 
only transmitted through the template. Nonetheless, this static guided 
implant surgery has been preferred due to no requirement a sophisti-

cated process to carry out, insuring the predictability, a reduced inva-
siveness of surgical procedures,20 a shorten healing period, and less 
postoperative discomfort.21

Participants in this study were dental graduates with no exposure 
to conventional way of image registration or advanced technique 
of merging 3D images from CBCT and surface scan. This homoge-
neous group allowed investigating the efficiency of these matching 
images techniques in an objective and non-biased manner. This is of 
particular importance because results from a different study popula-
tion including experienced clinicians or professional designers could 
be confounding factors to interpret. Whereas, this investigation ad-
dressed only the efficiency and operator’s preference on both merg-
ing 3D data set techniques. Several other aspects need further inves-
tigations. This study yielded initial evidence that the effects of use of 
micro-screws on the operator performance factors.

Even there was not a significant difference of time performnance 
with assistance of micro-screws compairing to conventional tech-
nique but greater number of participants agreed that they preffered 
using micro-screws in matiching image due to their assumptiom of 
accuracy for final merged image which had been observed directly 
during the processes. The level of difficulty judged by participants 
was significantly lower with assistance of micro-screws. These 
subjective difference in the process of merging images also affected 
participants’ perception of effectiveness. 

As for the aspects of accuracy, several attempts have been per-
formed to facilitate the image superimposition in digital guide fabri-
cation. Widmann et al.13 proved the use of implants with ball attach-
ments to increase the number of reference points for image matching 
in edentulous jaws and concluded that a fixed reference improves 
registration procedure. Oh et al.12 suggested the insertion of additional 
resin markers on the palatal gingiva, increasing the reference points 
and improving the registration of CBCT and digital surface scan data. 

Fig. 4. Scatter plot of performance time and convenience to satisfaction. (A) Relation of time to satisfaction, (B) Relation convenience to satisfaction.
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The first limitation of this study is that the number of participants 
is small. The second restraint is that this study was performed with a 
dental model as a clinical scenario that excluded the effect of actual 
treatment conditions. Patient consent for placement of micro-screws 
associated with treatment is also of implant concern. Although results 
of this study set the first brick to build statement that the insertion of 
a micro-screw in the posterior area of an edentulous ridge changed 
the conditions for guided implant surgery, more large scaled clinical 
studies are need to confirm the effects of improving satisfaction and 
convenience in use of micro-screw.

Conclusion

Within the limits of the study, it can be concluded that a higher sat-
isfaction of operators may be achieved if surgical templates are de-
signed by superimposing a surface scan with CBCT with assistance 
of micro-screws as one of fiducial markers in order to transform the 
virtual plan into reality. Further clinical studies are needed to support 
the finding of this study.
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목적:컴퓨터 가이드 임플란트 수술에서 방사선 영상과 디지털 영상과의 정합은 필수적인 과정이다. 본 연구의 목적은 마이크로스크류의 사용이 가이

드 수술을 위한 영상정합 과정에서 작업시간과 술자편의성에 미치는 영향을 조사하는 것이다.
재료 및 방법: 연구모형의 제작을 위해 Kennedy class I 하악 덴티폼에 마이크로스크류 2개를 후구치 삼각 부위에 식립 후 컴퓨터 단층촬영과 디지털 
스캔을 통해 방사선 영상과 스캔 영상을 획득하였다. 영상들은 잔존 치아 부위만을 이용하는 방법과 치아와 마이크로스크류를 이용하는 방법을 이용

하여 12명의 술자에 의해 중첩되었다. 이 중첩된 영상에 대하여 작업시간, 술자편의성, 만족도의 자료가 수집되고, Mann-Whitney U test을 통해 분석되

었다.
결과: 작업시간은 영상정합 조건 사이에 통계학적인 차이가 없었다 (P > .05). 술자편의성과 만족도는 치아와 마이크로스크류를 이용하는 방법에서 
잔존 치아 부위만을 이용하는 방법보다 높았다 (P < .001).
결론: 영상정합에서 마이크로스크류의 이용은 작업시간의 단축에는 영향을 미치지 않지만 술자편의성과 만족도는 향상시킨다. (대한치과보철학회지 
2019;57:219-24)

주요단어: 마이크로스크류; 영상정합; 컴퓨터 가이드 임플란트 수술; 작업시간; 편의성; 만족도
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