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Abstract: This study aimed to evaluate the feasibility of a 3-dimensional (3D) planned surgical guide
technique designed for impacted supernumerary teeth (STs) extraction using 3D printed simulation
models. In total, 17 participants from two university hospitals were recruited. Each participant
performed surgery with both the conventional and surgical guide techniques. The following
parameters were evaluated: (1) The time required for ST extraction, (2) the area of the window opening,
and (3) the volume of the material removed. Time required for ST extraction was 213.65 + 167.45 sec
and 114.76 + 42.87 sec in the conventional and surgical guide techniques, respectively, with significant
differences (p = 0.028). The required area of the window opening was 48.10 + 9.44 mm? and
45.90 + 8.17 mm?, respectively, in the conventional and surgical guide techniques, with no significant
differences (p > 0.05). The required volume of the material removed was 121.65 + 43.69 mm?> and
99.12 + 17.88 mm? in the conventional and surgical guide techniques, respectively, with significant
differences (p = 0.031). The 3D planned surgical guide technique was effective for impacted ST
extraction. Within the limits of this study, the surgical guide technique allows us to accomplish
minimally invasive surgery within a shorter duration.
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1. Introduction

Supernumerary teeth (STs) are developmental anomalies that can affect the eruption of adjacent
permanent teeth [1]. Most STs are observed in the anterior region of the maxilla and approximately
75% of STs are impacted [2]. STs can cause various clinical complications, such as ectopic and
delayed eruption of permanent teeth, displacement or rotation of the central incisors, and cystic
degeneration [1,3]. Thus, early extraction of STs in the mixed dentition is usually recommended prior
to occurrence of ST-associated complications.

As STs in the early mixed dentition are often located close to the adjacent permanent teeth, removal
of the STs can involve complications [4,5]. Moreover, due to the complex anatomy of the maxillary
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anterior region, there is a possibility of damaging adjacent permanent tooth germs or removing the
wrong tooth [6]. Extraction of impacted ST is often challenging for dental surgeons.

For impacted ST extraction, it is essential to confirm 3-dimensional (3D) localization of the tooth.
Precise localization of ST is a critical step during surgery because it can affect the operating time,
predictability of the surgery, and the incidence of damage to adjacent structures [7,8]. For this purpose,
cone-beam computed tomography (CBCT) is widely used to provide location data of impacted STs.
Minimally invasive and efficient surgery can be achieved with the aid of CBCT [9].

Surgical guides fabricated with computer-aided design (CAD) and computer-aided manufacturing
(CAM) technology have been shown to be effective in maxillofacial surgeries [10,11]. Efforts have
been made to facilitate impacted ST extraction employing CAD/CAM surgical guide surgery [6,7,12].
However, previous reports are limited to case studies and a lack of reports on the feasibility of surgical
guide surgery with respect to impacted STs is noted, owing to the limitations in simulating the same
conditions of impacted STs in clinical circumstances. Thus, we designed a 3D printed simulation model
for impacted ST extraction. A 3D printed simulation model and 3D analysis can facilitate various
measurements regarding the amount of window opening or bone removal, and duration of surgery.
Therefore, this study aimed to evaluate the feasibility of the surgical guide technique for impacted ST
extraction using three-dimensional printed simulation models.

2. Materials and Methods

2.1. Development of the 3D Printed Simulation Model and Surgical Guide for ST

The 3D printed simulation model for ST was designed following human anatomy data in primary
dentition through a digital workflow (Figure 1). A laboratory scanner (T500, Medit, Seoul, Korea) was
used to yield digital scans of the primary dentition model (Dentoform, Nissin, Kyoto, Japan). All scans
were saved as an STL file and imported into the 3D modeling software (Meshmixer, Autodesk, San
Rafael, CA, USA). We created a digitalized 3D tooth model with 3 mm of uniform thickness, using
scanned data of the primary dentition model. In the digitalized 3D tooth model, an impacted ST and
adjacent permanent tooth germs were embedded to imitate the natural positional relationship in the
primary dentition (Figure 2).
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Figure 1. Digital workflow of the development of the 3D printed simulation model and surgical guide
for a supernumerary tooth. (A) A 3-dimensional digitalized tooth model was obtained by laboratory
scan of a primary dentition model. (B) A 3D localization of a supernumerary tooth and adjacent
permanent tooth germs were determined to imitate the natural positional relationship in the primary
dentition. The asterisks refer to the supernumerary tooth. (C) A surgical guide was digitally designed to
provide direct access to the 3D position of supernumerary tooth. The bars refer to the 3D predetermined
path to access the supernumerary tooth. (D) A 3D printed simulation model and surgical guide were
finally fabricated.
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Figure 2. 3Dlocalization of a supernumerary tooth in the 3D digitalized tooth model. (A) A supernumerary
tooth was 3-dimensionally localized to imitate the natural positional relationship with adjacent
permanent tooth germs, (B) frontal view of the 3D tooth model for the supernumerary tooth, (C) axial
view of the 3D tooth model for the supernumerary tooth, and (D) sagittal view of the 3D tooth model
for the supernumerary tooth. The asterisks refer to the supernumerary tooth.

A digitalized surgical guide was made to guide surgical drilling along the 3D position of the
impacted ST. The orientation of drilling was designed to avoid damage to the adjacent permanent
tooth germs and provide direct access to the impacted ST, minimizing the amount of material removed
during surgery.

The 3D printing process was performed at DIO (Dio Co., Busan, Korea). The STL files of the final
digitalized 3D tooth model and surgical guide for ST were imported into the 3D printer (DIO PROBO
(Dio Co., Busan, Korea)) for 3D printing. Optically cured resin material (DIOnavi-SG, Dio Co., Busan,
Korea) was used as the 3D printing material.

2.2. Participant Enrollment

In total, 17 interns and residents participated in this study, with 4 interns and 7 residents from the
Department of Pediatric Dentistry, School of Dentistry, Kyung Hee University and 6 residents from that
of Chosun University. All participants had previously observed or performed ST extraction surgeries
and studied the procedure during their education and training.

2.3. Evaluating Feasibility of Surgical Guide for Impacted ST Extraction

To evaluate the feasibility of surgical guides for impacted ST extraction, each of the 3D printed
tooth models and surgical guides was subjected to a simulated surgical procedure using a low-speed
drill with a straight round burr. Initially a wax carver was used for the replacement of a tooth elevator,
considering the mechanical strength of the models. The experiment was performed using 2 different
sequences: (1) Surgical extraction without surgical guide (conventional technique), and (2) surgical
extraction with the surgical guide (surgical guide technique). Each sequence was performed once
by each participant. Considering that localization information acquired during the first extraction
sequence with the conventional technique could affect the results of the second sequence, the second
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extraction with the surgical guide technique was performed after two weeks. 3D images of the
model were provided to the participants, as substitutes of the CBCT images. For evaluation, each
participant extracted an impacted ST using the conventional technique. Subsequently, the participants
extracted impacted STs using the surgical guide technique. The following parameters were evaluated:
(1) The time required for ST extraction, (2) the area of the window opening, and (3) the 3D volume of
the material removed.

The time required for ST extraction was defined as the time from placing a straight round bur onto
the tooth model until the ST was completely removed from the model. After ST extraction, the outer
surfaces of the models were scanned using a laboratory scanner. The inner surfaces of the models
were reproduced as polyvinylsiloxane (PVS) impressions (Imprint 3; 3M ESPE, Maplewood, MN,
USA). Next, the impressions were carefully removed and the PVS surfaces were scanned and saved as
STL files. All scans were imported into the 3D analysis software (Geomagic Control-X, 3D system:s,
Morrisville, NY, USA). Finally, we calculated the area of the window opening, and the 3D volume of
the material removed, using the software (Figure 3).
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Figure 3. Digital measurements of the area of the window opening and 3D volume of the material

removed. (A) Digital scans of models obtained after supernumerary tooth extraction and of the window
opening were reproduced. The area of the window opening was calculated using 3D analysis software.
Note that the brown circle indicates the extent of the window opening. (B) 3D volume of the material
removed was measured by a polyvinylsiloxane (PVS) impression of the inner surface of the model.

2.4. Statistical Analysis

The results are represented as mean + standard deviation. Data were analyzed using SPSS version
20.0 (SPSS Inc., Chicago, IL, USA). The normalized test was assessed using the Kolmogorov-Smirnov
test, which revealed that the data were not normally distributed. Therefore, the data were analyzed
using the Wilcoxon signed-rank test. The p-values < 0.05 indicated statistical significance.

3. Results

The average time for the participants to complete ST extraction was 213.65 + 167.45 sec with the
conventional technique and 114.76 + 42.87 sec with the surgical guide technique (Table 1). Significantly
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less time was required for impacted ST extraction with the surgical guide technique (p = 0.028). Table 2
shows the results of the area of the window opening and the volume of the material removed for ST
extraction. The required area of the window opening was 48.10 + 9.44 mm? with the conventional
technique and 45.90 + 8.17 mm? with the surgical guide technique with no significant differences
(p > 0.05). The required volume of the material removed was 121.65 + 43.69 mm? using the conventional
technique and 99.12 + 17.88 mm? using the surgical guide technique. Significantly less material removal
was required for impacted ST extraction with the surgical guide technique (p = 0.031).

Table 1. Comparison of the time required for supernumerary tooth extraction.

Mean (sec) SD (sec) z P
Conventional technique 213.65 167.45

-2.201 0.028'1
Surgical guide technique 114.76 42.87

Wilcoxon signed-rank test, 1 p < 0.05.

Table 2. Required area of the window opening and the volume of the material removed for
supernumerary tooth extraction.

Mean (sec) SD (sec) z p
Area of window opening (mm?)

Conventional technique 48.10 9.44

—-0.876 0.381
Surgical guide technique 45.90 8.17

Volume of material removed (mm?)

Conventional technique 121.65 43.69

-2.154  0.0311
Surgical guide technique 99.12 17.88

Wilcoxon signed-rank test, 1 p < 0.05.

4. Discussion

3D printing refers to rapid prototyping manufacturing technology that makes products by adding
materials layer by layer. Contrary to the use of inks in traditional printers, 3D printers are built
with powders using the blueprints made by CAD software [13,14]. Owing to the advances in 3D
printing, the surgical guide technique, used in dentistry, has been a remarkable success. With its
patient-customizable and reproducible property, it has made dental surgery easier and more predictable
with reduced risk [15,16]. The surgical guide technique is also promising for impacted ST extraction.

The results of this study showed that less time was required for completing ST extraction using
the surgical guide technique than the conventional technique. The guide technique simplified the
whole surgery procedure, resulting in shorter operation time. This may be because the guide technique
helped the surgeons understand the precise 3D localization of STs, and provided direct access which
increased the surgeons’ confidence in performing the surgery and positively affected the operation
time. A previous clinical study of eight patients with impacted STs revealed that the average operation
time of the surgical guide technique for impacted ST extraction was approximately 16 min, which
was approximately 4 min shorter than that of the conventional technique [17]. In the present study,
the surgical guide technique needed approximately 2 min, whereas the conventional technique needed
approximately 3.5 min. This difference may be related to the study design. Because the previous
study was designed based on patient data, the results were greater than those obtained in this study.
This study was designed under controlled conditions without the need for some clinical procedures,
such as the flap elevation procedure for impacted ST and the suture procedure after impacted ST
extraction. Only patients with deeply impacted ST were included in the previous study and large
amounts of osteotomy were conducted to extract impacted ST. Thus, degrees of surgical difficulty
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could be responsible for the different results. Moreover, the physical strength differences between
human bone tissue and our model material should not be ignored.

This study demonstrated that the surgical technique allowed reduced operation times for impacted
ST removal. If general anesthesia is planned for impacted ST extraction, the guide technique will
reduce the incidence of perioperative complications, as prolonged anesthesia is a predisposing factor
of perioperative adverse events [18]. Furthermore, the guide technique can be used for impacted ST
extraction also with local anesthesia. Reduced operation time can positively affect children’s behavior in
the dental setting. Prolonged dental treatment is correlated with negative behaviors in children [19,20].
In addition, reduced operation time can also decrease the chances of postoperative complications.
A previous study regarding lower third molar surgery reported that a prolonged operation time was
associated with acute postoperative complications, such as severe pain and swelling [21].

Regarding the area of the window opening, the surgical guide technique did not reduce the size
compared with the conventional technique. In fact, impacted ST extraction needs preparation of an
access hole to the impacted ST by drilling into the underlying bone tissue. Once exposure of the
impacted ST is visible, the hole should be enlarged enough to easily luxate and remove the impacted
ST. Because the size of the window opening is mainly determined by the vertical and/or transverse
dimensions of the impacted ST, the result may remain unaffected by the adoption of the surgical
guide technique.

This study also demonstrated that the surgical guide technique reduced the amount of volume
loss of material than the conventional technique did. This finding indicates that adoption of the surgical
guide technique can facilitate minimally invasive surgeries for impacted ST extraction. With the aid
of the surgical guide, volume loss of the material was reduced, which led to minimal trauma to the
adjacent permanent tooth germs. Moreover, these factors may lead to a shortened healing period and
reduce the chance of postoperative complications [22].

Interestingly, there were marked differences in the standard deviation of the volume loss of the
material between the surgical guide technique and the conventional technique. This finding indicates
that the surgical guide technique can reduce the difficulty of the surgery for impacted STs, regardless of
the surgeons’ skill level or experience. This finding is in accordance with a previous study of implant
placement with a surgical guide, which demonstrated that accurate implant position reproducibility
was not influenced by surgeons” experience level [23]. The study concluded that the surgical guide
technique provided better results by surgeons with insufficient experience. Similarly, the effect of the
surgical guide did not depend on the surgeons’ skill level or experience in this study.

There were some limitations to this study. First, the design was that of an in vitro study under
controlled conditions and the number of participants in the study was relatively small. Next, we
considered only one vertical position of impacted STs, which may have affected the degree of surgical
difficulty. Additionally, other factors, such as the flap elevation and the suture procedure, were not
considered which may have affected the results. Because this study was performed with 3D printed
models, reproduction of gingival tissues was technically difficult. Finally, even though the 3D printed
model in this study mimicked the natural anatomical structures of children, natural human bone
density and strength were difficult to completely reproduce.

In conclusion, we developed a 3D printed simulation model and a 3D planned surgical guide for
impacted ST extraction. Within the limits of this study, the 3D planned surgical guide technique was
effective for impacted ST extraction. The surgical guide technique for impacted ST extraction allows
for better patient acceptance and less patient discomfort. Lastly, the technique is a more preferable
alternative treatment, with excellent predictability, for inexperienced oral and maxillofacial surgeons.
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