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Introduction 

Digital imaging and 3D printing are rapidly revolutionizing 
dental practice. Fabrication of dental appliances such as veneers, 
crowns, and bridges using dental CAD-CAM technology is not new; 
however, new and improved systems are becoming available in 
the market very quickly and with that significantly increased the 
precision of the production of these dental appliances translating 
into better fit and function, and usually at a lower cost than 
was possible with other traditional lab methods. An emerging 
application for this technology is in the field of endodontics; 
specifically, the fabrication of 3D printed guides. A well-made guide 
can significantly improve the quality and safety of endodontic 
procedures.

Duret and Preston were the first dentists to document the use 
of computer-aided design/computer-aided manufacturing (CAD/
CAM) in dentistry. They began their endeavors in the early 1970s 
and used the technology to create dental prostheses [1]. CAD/
CAM technologies used to be dominated by closed systems (e.g., 
CEREC) which require their own proprietary data acquisition 
and processing software; however an important part of the rapid 
evolution of 3D printing is the availability of open systems, that  

 
allows the use of Digital Imagining Communication in Medicine 
(DICOM) files to be use for local manufacturing or printing at 
distant laboratories [2,3]. In the current review, most of the 
published literature dealt with open-source software (Blue Sky 
Plan, coDiagnostix, etc.), though closed system software (e.g., 
DENTSPLY Sirona) was also employed in some studies.

The term “guided endodontics” was first introduced in 
2016 by Krast et al. and Zehnder et al. as a treatment option for 
calcified teeth with periapical pathosis [4]. Amid this explosion 
in the adaptation of 3D printing in endodontics are applications 
to various endodontic clinical problems that have posed severe 
difficulties for operators in the past. We will review a number of 
these clinical scenarios. Finally, given the apparent promise of 
3D printed appliances, we will argue that instruction in their use 
should be incorporated into didactic clinical instruction. In sum, it 
was hoped that this review would shed light on the current, and 
future, utility of this fast-growing technology.

Materials and Methods

To conduct this review, we searched the following databases: 
PubMed, Scopus, Ovid, and Google Scholar. Search terms were: 

Abstract 

Current research suggests an emerging value of 3D printed guides use in the endodontic field. Computer-aided design and manufacturing 
technologies can be used to create 3D printed guides with endodontic clinical applications. Guided endodontics is a term that has gained 
popularity and involves 3D planning, 3D models and 3D printed guides. The aims of this review were to asses all current applications of 3D guide 
usage in endodontics, determine when 3D guide use is effective in clinical endodontic settings, evaluate the possible incorporation of 3D guides 
in the didactic endodontics setting, and analyze the future of this technology. A literature search was conducted on PubMed, Ovid, Google Scholar, 
and Scopus. A total of 75 published papers were included, including one systematic review, four different reviews in planning, comparative 
reviews and in digital technology: one observational study, forty-three case reports, nine case series, and seventeen preclinical studies. These 
studies show that implementing 3D printing in endodontics opens the door to promising techniques with highly predictable outcomes and a low 
risk of iatrogenic damage, especially in very complex cases.

Keywords: Endodontics; 3D printing; Guided endodontics

Abbreviations: 3D: Three dimensional; CAD: Computer-aided design; CAM: Computer-aided manufacturing; CBCT: Cone beam computed 
tomography; DICOM: Digital Imagining Communication in Medicine; MTA: Mineral trioxide aggregate; SLA: Stereolithography

http://dx.doi.org/10.19080/ADOH.2022.15.555917
http://juniperpublishers.com/adoh
http://juniperpublishers.com


How to cite this article: Aniuska T, Max E. Clinical Endodontic Applications of 3D Printing, A Review. Adv Dent & Oral Health. 2022; 15(4): 555917. 
DOI:  10.19080/ADOH.2022.15.555917

Advances in Dentistry & Oral Health 

002

‘clinical endodontic applications of 3D printings,’ ‘endodontic 
surgical guide,’ ‘guided endodontic surgery,’ ‘guided endodontic 
access’ and ‘guided endodontic auto transplantation’. The search 
included publications from January 1st, 2017, until June 25th, 2022, 
in order to review new literature published on the application of 
3D surgical guides in endodontics. The first literature review on 
this topic was published in February 2018 and only included one 
case report Anderson et al. [2]. Articles for the present review had 
to be published in English or were excluded. Duplicate articles 
were removed manually.

Eligibility criteria

Studies were included that appeared after entering the search 
criteria (key term, English language, and appropriate time period) 
and at least one of the following:

i.	 Explored the utility of 3D printed surgical guides in 
guided endodontic access, guided endodontic microsurgery, and 
guided endodontic auto transplantation.

ii.	 Compared treatment accuracy of 3D printed guides to 
conventional methodology,

iii.	 Case reports, case series, and preclinical in vitro and ex 
vivo studies.

Seventy-five published papers were included in this review 
see Appendix 1. This included one systematic review on the 
application and limitations of guided endodontics Moreno-Rabie 
et al. 2020, four different reviews in planning, comparative reviews 
and in digital technology; and one observational study Buchgreitz 
et al. The remaining articles were case reports (forty-three), case 
series (nine), and preclinical studies (seventeen).

Review of clinical endodontic applications

Guided endodontic access

Pulp canal obliteration, calcific metamorphosis, and pulp 
canal calcification are all terms that describe increased apposition 
of tertiary dentin in the root canal system. Increased apposition 
of dentin decreases the translucency of the tooth and causes 
discoloration; this is the most common clinical sign of pulp canal 
obliteration. Orthodontic treatment, aging, dental caries, and 
dental trauma can increase pulp canal calcification; 15-40% of 
patients who undergo dental trauma will develop pulp canal 
obliteration [5]. Approximately 60-80% of teeth will remain 
asymptomatic and require no endodontic treatment. However, 
the remaining 20-40% of teeth will develop pulp necrosis with 
radiographic signs of periapical disease [6,7]. This obliteration 
makes it more challenging to negotiate canals, complicates root 
canal treatment, and increases the risk of iatrogenic events. In 
addition, 20% of perforations occur when trying to locate canals 
of severely calcified incisors [8].

Using the conventional approach to root canal treatment, 
the clinician relies on visualization skills and memorization of 

tooth anatomy to isolate canals. Abnormal pulp canal anatomy 
and the small size of the canals make the root canal treatment 
more difficult [9]. Many potential complications can arise during 
root canal treatment: access cavity overextension, iatrogenic 
perforation, missed root canals, file separation, and root canal 
deviation from the original path [10]. Guided endodontic access 
offers a safer and more predictable approach to endodontic 
treatment [4,5,11,12]. The access point, orientation of the bur, and 
depth can be predetermined; this minimizes the error inherent 
in conventional visualization and free-hand treatment. Current 
best practice emphasizes minimizing structure loss, which can be 
difficult to accomplish for inexperienced clinicians.

Precision guides can help significantly in these cases. In one 
preclinical study, Connert et al. [4] observed that severe calcified 
canal localization was 92% successful using guided endodontics; 
compare to 42% success using conventional free-hand treatment. 
In addition, the overall treatment time was reduced and there 
was less tooth structure loss while using guided endodontics, and 
there were no statistically significant differences in performance 
between the clinicians when using the guided approach [12]. The 
access, cleaning and shaping of severe calcified root canal systems 
can be simplified with this technique [13]. Several studies report 
similar findings, indicating that guided endodontics promotes 
accurate and replicable positioning, and allows access to smaller 
cavities regardless of the level of experience of the clinician 
[4,9,12,14-16].

Another ex vivo study concluded that guided endodontic 
access preserved a statistically significant amount of dental tissue 
in maxillary molars; however, there was no statistically significant 
difference in the amount of dental tissue preserved in mandibular 
incisors [17]. On the contrary, a different ex vivo study using a 
3D guided protocol successfully preserved the tooth structure of 
anterior mandibular incisors by using a surgical guide with a stent 
that harbored a 0.85mm diameter bur. This allowed for optimal 
precision in the mandibular incisors, compared to traditional burs 
that are 1.2 – 2.4 mm in diameter. This diameter is too large for 
anterior mandibular teeth and results in excessive loss of radicular 
tissue [15,8]. This protocol was successfully replicated clinically 
one year later [4]. Other clinical case studies report successful 
treatment of molars and premolars at 12 months follow up, they 
show that guided endodontic therapy can be used to safely and 
effectively locate calcified root canals in posterior teeth [12,16].

Deviation from the desired drill path can cause iatrogenic 
damage to the surrounding tooth structure and root perforation, 
damaging the surrounding periodontal ligament and decreasing 
the tooth’s chances of survival [19,20]. There were in-vitro studies 
that demonstrate that guided endodontic access results in less bur 
deviation than the conventional free-hand method. For instance, 
Connert et al. had sixty mandibular teeth used and two operators. 
They had virtually planned the access and produced 3D guides to 
complete the access. The deviations between the planned- and 
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prepared-access cavities were low, with means ranging from 0.12 
to 0.13 mm and no significant difference between the operators. 
They concluded that microguided endodontics technique is an 
accurate, fast, and operator-independent tool for accessing root 
canals [5]. Nayak et al. using 3D endodontic guides to performed 
guided root canal access in extracted teeth, they found that the 
deviation between the axis of the planned root canal access cavity 
and the prepared root canal access cavity was 0.07 ± 0.02 mm [21]. 
Su et al. in their ex vivo study, also found very low linear deviation 
in all groups (anteriors, premolars, and molars); however, they 
found that the apical position had more deviation than the coronal 
(0.46 mm. vs. 0.13 mm); nonetheless, al canals were accessible 
and no root canal perforation was observed [22]. This review 
included one observational study by Buchgreitz et al. that found 
that guided endodontic access can be precise irrespective of sex, 
age, tooth number, degree of obliteration, and previous attempts 

to find and negotiate the root canal in single-rooted teeth [18].

Endodontic surgical guides were suggested only after 
conventional endodontic treatment using dental microscopes, 
conventional access and ultrasonic tips fail to access the obliterated 
canals, however in clinical cases with canal obliteration the use 
of guided endodontics was essential to preserve tooth structure 
and reach the calcified canal system without complications [16] 
(Figure 1). Guides have been effective in allowing treatment in a 
variety of complex cases, including that of a maxillary lateral incisor 
with pulp canal obliteration, a maxillary central incisor with root 
perforation in the middle third, and a pulp canal obliteration in the 
apical third [11,14,23]. This review included multiple case reports 
using guides specifically for pulp canal obliteration cases [24-27]. 
Guided endodontics allows clinicians to gain access to canals they 
may not have attempted otherwise. The result has been that teeth 
that might have been lost were ultimately saved [20].

Figure 1: (A) Radiographic examination of the first upper molar. (B) A CBCT image showing partial and completed obliterations of 
the distal and mesial vestibular root canals. (C) A 3D model of the oral cavity. (D) 3D root canal planning. I The prototyped surgical 
guide. (F)The bur positioned in the 3D template. (G) Canal patency. (H) Radiography at the 6-month follow-up (I) Radiography at the 
1-year follow-up. Reprinted from Case Reports in Maxillary Posterior Teeth by Guided Endodontic Access. Maia, L. M., de Carvalho 
Machado, V., da Silva, N., Brito Junior, M., da Silveira, R. R., Moreira Junior, G., & Ribeiro Sobrinho, A. P. J Endod, 45(2), 214-218. 
Copyright 2019, with permission from Elsevier.

Treatment of dental morphology anomalies

Dental malformations like dens invaginatus and dens 
evaginatus are rare malformations that create anatomical 
disturbances that affect the ability to prepare conservative access 
and, presents with an added complication during root canal 
treatment. Dens invaginatus is caused by an infolding of the enamel 
organ into the dental papilla during tooth development. This can 
cause pulp exposure to the oral environment and abnormal root 
morphology, making endodontic treatment more difficult [28]. 
Dens evaginatus in the other hand originates from a proliferation 

and folding of the inner portion of the enamel epithelium resulting 
in the formation of ta supernumerary tubercle that contains 
pulp tissue [29]. In their Endodontic Case Difficulty Assessment 
Guidelines, the American Association of Endodontics considers 
treating a tooth with significant deviation from normal tooth/ 
root form as ‘high difficulty’ in endodontic practice. Greater 
difficulty can increase the risk of iatrogenic damage during root 
canal treatment, such as root perforation. In addition, dental 
morphology anomalies can present with an increased rate of 
appositional dentin disposition, leading to pulp canal calcification, 
making it even more challenging to isolate canals.
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Mena-Alvarez et al. reported a clinical case showing a root 
canal treatment of a type V Dens evaginatus using CBCT and a 
3D printed guided for a conservative access. Tooth #9 presented 
with a fistulous lesion and had a tubercle at the medial gingival 
third and on the medial buccal surface. At the 12-month follow-up 
the buccal defected was repaired, and there was resolution of the 
periapical radiolucency [29] (Figures 2-3). Another case report of 
a Type 2 dens invaginatus noted the successful treatment of tooth 
#10 using guided access. At an 18-month follow-up the authors 
reported radiographic reduction of the periapical lesion and an 
absence of clinical signs [30]. Using guided access, treating teeth 

with these complex root canal anatomies resulted in a successful 
and simplified endodontic treatment process that might not have 
succeeded using hands-free methods. Ali et al. presented a case 
series that used a guided endodontic approach for the conservative 
management of Type II dens invaginatus by prophylactic sealing of 
dens with mineral trioxide aggregate (MTA) to prevent any pulpal 
damage to the tooth due to deep palatal pits which are commonly 
vulnerable to carious lesion. They concluded that this technique 
can be a valuable tool for negotiating the dens part, thereby 
reducing chairside time and more significantly decreasing the risk 
of iatrogenic damage to the remaining tooth structure [28].

Figure 2: (A) Tridimensional reconstruction of vector direction that represents the cavity access path of dens evaginatus and tooth 
2.1. Coronal view. (B) Tridimensional reconstruction of vector direction that represents the cavity access path of Dens Evaginatus 
and tooth 2.1. Sagittal view. (C) Tridimensional reconstruction of the design of the splints for guided endodontic treatment. Reprinted 
from Endodontic treatment of dens evaginatus by performing a splint guided access cavity. Mena-Álvarez J, Rico-Romano C, Lobo-
Galindo AB, Zubizarreta-Macho Á.J Esthet Restor Dent 2017;29(6):396-402. Copyright 2017 Wiley Periodicals, Inc.

Krug et al. showed the use of the 3D-printed guide for a 
complex case with dentin dysplasia and pulp canal calcifications 
with apical radiolucencies in several teeth of a 12-year-old patient. 
Initially, endodontic therapy was performed on tooth #19 using 
the conventional approach, resulting in two perforations, whereas 
guided endodontic treatment on the remaining affected teeth led 
to a successful outcome. At the one-year follow-up examination 
the authors noted signs of healing of the endodontic lesions in all 
root canal treated teeth. They concluded that guided endodontics 
is a safe and clinically feasible technique that prevents root 

perforation and enables tooth retention [31] (Figures 4-5).

One case report by Costamagna et al. did not use a guide itself 
but instead used the 3D models (digital and printed) to allow the 
clinicians to locate and manage the unusual anatomy of the tooth. 
The patient presented with second upper molar that had a hidden 
third canal in the mesial root, the 3D model grant to improve 
diagnosis and treatment plan allowing the clinician a complete 
preclinical simulation of the treatment saving time and sound 
tooth structure [32].

http://dx.doi.org/10.19080/ADOH.2022.15.555917


005

Advances in Dentistry & Oral Health 

How to cite this article: Aniuska T, Max E. Clinical Endodontic Applications of 3D Printing, A Review. Adv Dent & Oral Health. 2022; 15(4): 555917. 
DOI:  10.19080/ADOH.2022.15.555917

Figure 3: (A) Stereolithographied splint for performing guided endodontic treatment. (B) Positioning of the cavity access drill on 
stereolithographed splint. Reprinted from Endodontic treatment of dens evaginatus by performing a splint guided access cavity. 
Mena-Álvarez J, Rico-Romano C, Lobo-Galindo AB, Zubizarreta-Macho Á.J Esthet Restor Dent 2017;29(6):396-402. Copyright 
2017 Wiley Periodicals, Inc. .

Figure 4: The drill paths for tooth 2.6(#14) (e.g. mesio- and disto-buccal) were virtually planned using coDiagnostix software (Dental 
Wings Inc.) (a-c). Reprinted from Guided endodontic treatment of multiple teeth with dentin dysplasia: a case report, Krug, R., 
Volland, J., Reich, S., Soliman, S., Connert, T., & Krastl, G. Head Face Med, 16(1), 27. Copyright 2020, Springer Nature publisher.

Guided post removals

Fiber-reinforced composite resin posts are used when 
restoring endodontically treated teeth to provide retention of 

the core and for root reinforcement, sometimes the removal of 
these post is necessary to perform a retreatment of a root canal. 
The conventional method for post removal includes using drill 
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kits specific to the type of post, drills combined with ultrasound, 
and long-shank endodontic burs with an operating microscope. 
However, even with these tools, the task remains difficult; root 
perforation, axis deviation, and roots’ weakening remain serious 
risks [33]. 3D printed surgical guides enable the clinician to 
maintain the axis of the drill at precisely the angle at which the 
post should be removed. In a case report, Perez et al. demonstrated 
using a surgical guide to clinically remove a fiberglass post from 

the palatal canal of a maxillary first molar [34]. Later in an in vitro 
study, Perez et al. showed the reliability of guided endodontic 
technique to remove bonded fiber-posts. Apical gutta-percha was 
accessed successfully in 87.5% of the teeth. The mean deviation 
between the planned and actual drill paths was 0.39 mm coronally 
and 0.40 mm apically; notably, no root perforations were reported 
[35].

Figure 5: Intraoral photograph showing the inserted templates and drill sleeves (steco-system-technik GmbH) for teeth 1.5(tooth 
#4) and 1.2(tooth #7) (a, b), for the palatal root canal of tooth 2.6(tooth #14) I, and for teeth 3.2 (tooth #23) and 3.1(tooth #24) (d). 
Reprinted from Guided endodontic treatment of multiple teeth with dentin dysplasia: a case report, Krug, R., Volland, J., Reich, S., 
Soliman, S., Connert, T., & Krastl, G. Head Face Med, 16(1), 27. Copyright 2020, Springer Nature publisher.

Figure 6: Targeted EMS Overview. (A) Illustration of trephine port, trephine, and resultant osteotomy. (B) 3DSG with palatal root 
port and facial port angulated for simultaneous resection of both MF and DF roots. (C) Printed 3DSG seated on stone model. 
(D) Trephine placed in port with 3D-printed washer for depth control. Depth control can also be achieved when the handpiece 
contacts the port or with demarcation lines on the trephine. Reprinted from. Targeted Endodontic Microsurgery: A Novel Approach 
to Anatomically Challenging Scenarios Using 3-dimensional-printed Guides and Trephine Burs-A Report of 3 Cases. Giacomino, C. 
M., Ray, J. J., & Wealleans, J. A, J Endod, 44(4), 671-677. Copyright 2018, with permission from Elsevier.
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Cho et al. in case series used the 3D guided to safety remove 
fiber posts in 4 teeth; it took less than 5 min. to remove the 
complete each fiberpost removal and there were no perforations. 
However, they do mention that using the operating microscope 
is still advisable even with the use of a guide as they observed a 
slight discrepancy between the planned and actual drilling path 
[36]. Maia et al. reported the successful removal of the fiber-
reinforced composite post while preserving the crown [37]; and 
Goncalves et al. reported the post removal in a molar [27]. They all 
agreed that removing the fiber post with virtual planning and a 3D 
guide resulted in a safe and faster procedure. 

Guided endodontics in periapical surgery

Endodontic surgery or apicoectomy is indicated to treat 
apical periodontitis in cases that did not heal after nonsurgical 
retreatment or, in certain instances, primary root canal treatment 
with overfilled canals, broken instruments, posts and crown 
restorations with persisting apical pathosis [38]. Modern 
advances in surgical techniques include magnification with loupes 
or microscopes and the use of smaller ultrasonic instruments 
[39]. The procedure involves navigation through soft tissue and 
cortical bone, followed by resecting 3mm of the root apex [40,41]. 
Traditionally, the operator relies on two-dimensional imaging 
and corrective actions during surgery to locate and resect the 
apex. The procedure is performed freehanded and is dependent 
on the clinician’s perceptual ability and hand-eye coordination 
[42]. Root apices that are near anatomic structures such as the 
inferior alveolar nerve, greater palatine artery, mental foramen, 
and maxillary sinus, can complicate treatment and require a 
high degree of accuracy in their removal. In some instances, the 
risks involved can contraindicate endodontic surgery. A thick 
cortical plate can make it more challenging to identify the root 
end and often results in increased, unnecessary bone removal 
[43]. Endodontists can struggle to limit damage to healthy tissue 
and bone while trying to obtain a comfortable visual field [44]. 
Significant bone removal is associated with more postoperative 
complications and delayed healing [39].

Pinsky et al. reported the first in vitro study to use of a digitally 
designed guide in endodontic microsurgery in 2007. They 
compared access accuracy using guidance versus a conventional 
method. Results showed that the apex was more precisely 
and consistently localized utilizing computer guidance versus 
freehand technique. A significant difference was noted for four of 
the five examiners [45]. 3D imaging and printed surgical guides 
allow the operator to visualize the tooth and periapical lesion 
three-dimensionally, predetermine root access and streamline the 
procedure. Ackerman et al. also evaluated the accuracy of surgical 
access using a 3D surgical guided to access the apices of the roots. 
Dentists performing the access free-hand had a mean deviation 
of 2.36 mm; however, when performed with 3D surgical guides, 
they had a mean deviation of 1.73 mm, a statistically significant 
decrease in deviation (p < 0.001), this study was performed on 48 

cadaver’s teeth, which had canals accessed within 4 mm apically 
[46].

Trephine burs can be incorporated with the 3D surgical guide 
and perform the osteotomy, root-end resection, and biopsy in a 
single step; this is known as targeted endodontic microsurgery 
[42,47]. Targeted endodontic microsurgery provides a direct 
pathway to the root end needing resection: the osteotomy size, the 
apical resection level, and the bevel angle can be defined before 
treatment; thus, limiting damage to the otherwise healthy alveolar 
bone. Furthermore, the surrounding soft tissue, neurovascular 
structures, and mucosa can be preserved from enduring 
unnecessary harm and reduce postoperative pain and swelling 
[43,44,48,49]. In an in vitro study, Peng et al. showed that when 
using targeted endodontic microsurgery both length and angle 
deviations of root-end resection were significantly lower than 
when no guide was used (P < 0.01). Additionally, when a guide 
was used, there were no significant differences in the deviations 
of root-end resection between experienced and inexperienced 
operators (P > 0.05), allowing inexperienced clinicians to operate 
at the same caliber as experienced clinicians [50]. Kim et al. also 
reported targeted endodontic microsurgery to be less technique 
sensitive [51]. 

Targeted endodontic microsurgery can also help reduce 
procedure time and patient chair time. In an ex vivo study, three 
board-certified endodontists operated on six maxillary and six 
mandibular teeth using a guided and freehand approach. Targeted 
endodontic microsurgery reduced surgical time from 14 minutes to 
4 minutes and reduced bevel angle and volume over-resection, all 
with significant p-values [42]. Other authors also showed reduced 
surgical time in clinical scenarios [43,49]. In a clinical study, 
endodontic faculty and residents performed targeted endodontic 
microsurgery in 24 teeth with a 91.7% success rate; only one 
patient had radiographic evidence of failure. They concluded 
that targeted microsurgery had similar success to traditional 
microsurgery [52]. In this clinical cohort 70.8% of cases presented 
with anatomic complexities that may have precluded treatment 
without a surgical guide. These cases included a palatal approach 
to the palatal root of a maxillary second molar, facial roots of 
maxillary second molars, a mandibular second premolar in close 
proximity to the mental foramen, and distal roots of mandibular 
first molars and mandibular second molars [52]. 

In a series of anatomically challenging scenarios, targeted 
endodontic microsurgery was used successfully. One case 
report presented a second mandibular molar with a fractured 
file segment extruding beyond the apex in the distal canal, and 
another instrument half-way extruded from the mesial canal, 
with radiolucencies evident at the mesial and distal root apices. 
Removal of the instruments and apical surgery were completed 
with no complications and complete healing at the one year 
follow up [53]. Additional case reports and case series reported 
successful targeted endodontic microsurgery in a variety of 
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clinical scenarios [43,54-57]. One in vitro study by Nagy et al. 
compared commercially available and custom-made trephine burs 
as over penetration in the bucco-lingual direction can be a risk. 
They concluded that the use of a custom-made endo-trephine with 
a stop reduced this error to a safe and acceptable level [58].

Other case reports used only the 3D guide to aid on the 
osteotomy for endodontic microsurgery with success outcome 
and simplification of the surgery. One example was a patient 
with overfilled root canals and extruded gutta-percha in teeth 
#3 and #4 in close proximity to the maxillary sinus, presented 
with discomfort, pain, and swelling. Root ends were successfully 
resected using a guide, with no perforation to the sinus membrane 
and no postoperative swelling [48]. Chaves et al. reported using a 
3D surgical guide, planned only with CBCT, to aid in a microsurgery 
in tooth #19 that presented with a thick cortical buccal plate; at 
the one year follow up the patient presented asymptomatic and 
bone healing was confirmed with a CBCT scan [59].

Kim et al. also noted that a guide could be used as a soft 
tissue retractor to avoid iatrogenic damage to the soft tissue 
[51]. The guide can also improve the accuracy of endodontic 
microsurgery for anterior teeth, especially for complex cases 
with multiple teeth [44,51,60]. One case report by Wang et al. 
performed simultaneously endodontic microsurgery of tooth #7 
and horizontal bone augmentation of the edentulous area of #8, 
six months later a guided implant was placed and at the one year 
follow up, all areas were healed with no post op complications 
[61]. This innovative, template-based method safely preserved the 
tooth, bone, and surrounding anatomic structures [53].

Tooth auto transplantation

Auto transplantation of a tooth is indicated to replace a lost 
tooth in cases with complex tooth fracture, deep dental caries, 
endodontic treatment failure, and congenitally missing teeth 
[62]. In young patients, auto transplantation is preferred over an 
implant due to the donor tooth’s ability to adapt to adjacent teeth 
eruption and respond to orthodontic treatment. Implants and fixed 
prosthetic devices are contraindicated in the developing patient, 
making transplantation the most viable option for patients who 
are still growing [63]. Additional benefits are that transplanted 
teeth can maintain vital periodontium, preserve alveolar bone 
volume, and is often less costly to the patient. Numerous factors 
can affect the success of auto transplantation, such as stage of 
donor tooth development, root morphology, and the recipient 
site’s condition. Iatrogenic damage to the donor’s tooth during the 
extraction process or implantation at the recipient site can damage 
the periodontal ligament and lead to progressive inflammation. 
This can be followed by tooth resorption, pulp necrosis, potential 
lack of revascularization, and arrested development of the 
donor’s tooth [64]. The evolution of 3D printing and cone beam 
computed tomography (CBCT) scanning has opened the door for 
modifications to the conventional auto transplantation approach. 
Planning the guided osteotomy utilizing CBCT imaging and 

specialized software to create an osteotomy guide can minimize 
bone loss and limit damage to soft tissue and neurovascular 
structures [63]. This guided approach to auto transplantation is 
helping to reduce iatrogenic damages that can occur during the 
procedure. 

Donor teeth with root development between 1⁄2 and 1⁄3 of 
the way is ideal for auto transplantation. During extraction of these 
teeth, there is less damage to the periodontal ligament, and blood 
supply through the apical foramen remains intact, which aids 
pulpal healing [65]. Auto transplantation of developing teeth has 
shown a success rate of over 97% after 1 to 5 years and 96% after 
ten years [64]. However, adjacent teeth and anatomic structures in 
close proximity to the recipient site, such as the inferior alveolar 
nerve, can make it challenging to perform auto transplantation, 
which can act as a barrier for treatment. Strbac et al. devised 
a completely digital workflow for guided osteotomy that can 
be performed on severely impacted teeth in close proximity 
to adjacent root structures and the inferior alveolar nerve; in 
this case it was an impacted second premolar. This digitalized 
approach maintains auto transplantation as a viable treatment 
option even in complex situations. They also demonstrated that 
3D templates for guided osteotomy could ensure an atraumatic 
uncovering of severely impacted donor teeth; this ensures the 
vitality of the attached periodontal ligament and protecting vital 
nerve structures in the vicinity [63] (Figure 6). Another case 
report of a successful auto transplant of an impacted donor tooth 
was described by Gomez Meda et al. in this case was a 42-year-
old man with a maxillary left canine. Surgical 3D guides were used 
to expose the donor tooth and also a tooth replica to prepare the 
recipient area [66]. Guided auto transplantation is also shown to 
improve the safety and success rate of transplantation of teeth 
with fully developed roots. This is typically more complex and 
with a greater risk of iatrogenic damage due to increased trauma 
during extraction and implantation [65].

3D printed multi-drilling axis surgical guides, donor tooth 
replicas, and recipient site guides have modified the way auto 
transplantation procedures can be performed. Extra-oral time of 
the donor’s tooth has a significant implication on the procedure’s 
success. The conventional method of auto transplantation involves 
upwards of 10 minutes of extra-oral time. Extra-oral time greater 
than 18 minutes can damage donor’s periodontal ligament, 
decreasing host acceptance of the donor’s tooth. An extra-oral time 
greater than 30 minutes makes successful auto transplantation 
very unlikely [67]. Numerous case reports and case series have 
concluded that 3D printing can help reduce the extra-oral time 
[63,65,68,69]. Overall treatment time is also reduced; one case 
report found that conventional auto transplantation takes 40-90 
minutes on average while a guided approach takes 30-45 minutes 
on average [68].

Another way to use 3D printing technology for auto 
transplantation is to create a replica of the donor’s tooth, this 
aids in accurate preparation of the recipient site and reduces fit-
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in attempts; bone loss is minimized as well. Each fit-in attempt 
damages the periodontal ligament of the donor tooth and the 
soft tissue surrounding the recipient site. Several clinical studies 
confirmed success and improved prognosis using a tooth replica 
[62,63,65,70,71]. Wu et al. performed a completely guided 
transplantation of mature third molars into fresh molar extraction 
sockets using 3D replicas. Ten patients underwent the procedure, 

and all responded normally to percussion, probing depth, mobility, 
radiography examination, and masticatory function of the auto 
transplanted tooth at two-year follow-up [69] (Figure 7-8). Abella 
Sans et al. also showed that guided tooth auto transplantation 
decreases extra-oral time of the donor tooth and intraoperative 
fitting attempts and facilitates the technique regardless of the 
patient age and recipient socket conditions [72].

Figure 7: (A) Visualization of Digital Imaging and Communications in Medicine files showing the position of the alveolar nerve (pink 
color) and the mental foramen; segmentation of tooth #30 (green color) and impacted premolar #29 showing immature root formation 
(red color). (B) Segmentation of tooth #29 with modified apical soft tissue and the size of the Hertwig epithelial sheath (red color). 
(C) Virtual planning of the vertical and horizontal cutting planes of osteotomy dimensions according to the 3D location of impacted 
tooth #29, the alveolar nerve, and adjacent teeth #30 and #28 (various colors). (D) An STL file of the lower jaw superimposed with 
Digital Imaging and Communications in Medicine data; for the precise design of 3D surgical templates, the primary second molar 
was virtually extracted (lavender color). I Virtual planning of the first surgical template to ensure upper, lower, and distal osteotomies 
(white color). (F) The design of the second surgical template for safeguarding of the mesial osteotomy (white color). (G)

Figure 8: The segmentation of the donor tooth from mandible in the Materialize Proplan software. Reprinted from Autotransplantation 
of mature impacted tooth to a fresh molar socket using a 3D replica and guided bone regeneration: two years retrospective case 
series. Wu, Y., Chen, J., Xie, F., Liu, H., Niu, G., & Zhou, L. BMC Oral Health, 19(1), 248. Copyright 2019, Springer Nature publisher.
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Guided endodontics and 3D printing in education

Finally, the literature does shed some light on the use of 3D 
guides in dental education. The introduction of guided endodontic 
access in the pre-doctoral curriculum can help pre-doctoral 
students develop their manual dexterity, teach ideal access opening 
shape, and demonstrate how to preserve tooth structure. Students 
who perform guided access could also experience a reduction in 
operating time [5,12]. Guided exercises should complement the 
traditional curriculum rather than replace it.

It is typically challenging to find many extracted teeth in need 
of a specific endodontic treatment. Also, proper disinfection, 
storage, and preservation of extracted teeth can be costly and 
time-consuming [2]. 3D printing can be used to create resin teeth 
with a simulated need for endodontic treatment, with numerous 
endodontic anatomic variations, which allows dental students to 

practice with a large number of endodontic procedures. Liang et 
al. compared root canal obturations of extracted premolars and 3D 
printed replicas and found that the combination of CBCT and multi-
jet printing technology generated accurate 3D-printed artificial 
teeth. They concluded that the combination of CBCT and multi-jet 
printing technology generated accurate 3D-printed artificial teeth, 
which provided a master gutta-percha with a matching working 
length and taper for the in vivo root canal fillings [73]. Reymus et 
al. presented a workflow with feasible manufacturing of accurate 
3D printed tooth replicas of extracted human teeth. Students in 
the third and fourth year of dental school who had trained on 
extracted molars, or who had performed root canal treatment 
in patients, were asked to complete root canal procedures in the 
replicas. Students felt they greatly benefited from using replicated 
teeth for endodontic training [74] (Figure 9).

Figure 9: The surgical procedure of autotransplantation of a mature third molar tooth in a fresh socket of second molar tooth: 
a compromised second molar tooth. B fresh socket of the second molar tooth after extraction. C try-in of the 3D replica of the 
donor tooth. D the 3D replica was almost the same of the donor maxillary third tooth. E try-in of the donor tooth. F grafting of the 
autogenous bone in the buccal and distal side of the donor tooth. G covering with CGF membrane. H suturing the flap and fixed the 
auto transplantation tooth. Reprinted from Auto transplantation of mature impacted tooth to a fresh molar socket using a 3D replica 
and guided bone regeneration: two years retrospective case series. Wu, Y., Chen, J., Xie, F., Liu, H., Niu, G., & Zhou, L. BMC Oral 
Health, 19(1), 248. Copyright 2019, Springer Nature publisher.

This also can apply to endodontics residency training, in 
which intricate root canal anatomy replicas can be used for 
advanced training and surgical models used for pre-surgical 
simulation. Furthermore, the ability to print large quantities of 
the same prototype can be employed in preclinical research of 
root canal shaping, different access preparation, and different 
obturation techniques [2]. Dobros et al. had a review in 
applications of 3D-printed teeth models in teaching dentistry 
students. This study included fifteen articles in different areas 
of dentistry: two studies specific to endodontics. The 3D models 
were assessed as comparable, or rather comparable to natural 

teeth. However, in the study by Hanafi et al. the access cavities 
were asess as much harder than in natural teeth, but 93% of the 
students recommended using 3D models in teaching endodontics. 
In overall, the review concluded that 3D models facilitated an 
alternative to extracted teeth that can be used in many areas of 
dentistry, including embracing treatment of undue complications 
like separated instruments or repair of perforations [75]. The 
continue development in CAD/CAM and 3D printing technology 
will make possible the use of more realistic alternatives to 
extracted teeth which will open the door to enhance the students 
and residents training (Figure 10).
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Figure 10: Final appearance of printed replicas: real tooth and corresponding replicas in grey, white and transparent resin (with 
red color in root canals). Reprinted from 3D printed replicas for endodontic education, Reymus M, Fotiadou C, Kessler A, Heck K, 
Hickel R, Diegritz C.. Int Endod J 2019;52(1):123-130. Copyright 2019.

The foresight of guided endodontics 

Digital systems such as CBCT, 3D printing, intra oral cameras, 
etc. have an important place in dentistry now a days. Technology 
is in constant evolution and 3D printing and guided endodontics 
are no exception. Dynamic navigation is another realm of guided 
endodontics that is taking off in modern endodontics; this recent 
technology, that was initially develop for implant placement, allows 
to dynamically guide the operator’s instruments to the correct 
location for root canal localization, root-end resection, etc. in real-
time without the need of a guide. The basic setup of the system 
consists of a preop CBCT scan, stereoscopic camera, a computer 
platform with a screen, and the respective navigation software 
[76]. Guided endodontics using 3D printed guides is now known 
as “static guidance” to differentiate from dynamic navigation 
that refers to guidance in real time. D et al. in their comparative 
study of static vs dynamic guidance concluded that apart from 
the initial upfront cons dynamic navigation is simpler, efficient, 
errorless, and less technique sensitive than static navigation [76]. 
Connert et al. in their review of dynamic navigation explains how 
augmented reality navigation the next step towards evolution of 
this technology could also be. The augmented reality approach 
overlays radiographic images and navigation paths, with a view 
of the operative field in a wearable head-up display or a dedicated 
microscope. Therefore, the operator can simultaneously visualize 
the operative field and 3D navigation images without having to 
look up at a display; clinical implementation in endodontics has 
only been proposed but not yet implemented [77].

Discussion

The review presented here highlights the utility to endodontics 
of precision 3D guides. A few caveats should be kept in mind, 
however. For one thing, the 3D guide’s dimensional accuracy 
depends on the 3D-printer system used. Jetting-type printers have 
proven to be the most accurate; photopolymer jetting (PolyJet) 
3D printers produced more accurate guides than SLA and Multijet 
printers [2]. Nonetheless, Stereolithography (SLA) and Multijet 
printed guides still produce accurate and replicable results when 
applied to dental procedures [51]. Additional clinical studies 
with larger sample sizes, standardized procedures, and a greater 
variety of 3D printers need to be conducted in order to determine 
what are the most accurate and reliable printers. Currently, there 
is no gold standard to evaluate 3D printers [2]. 

The accuracy and efficiency of digital workflow depend on 
the type of software application used. CoDiagnostiX software 
was originally developed for implant procedures but has an 
available add-on that enables the user to superimpose the drill 
axis over the axis of the root canal. Sicat Endo was specifically 
designed for complex endodontic treatment. In an in vitro study, 
Sicat Endo guides successfully located 16/16 root canals for 
guided endodontic access, and CoDiagnostiX located root canals 
in 15/16 of the cases (94%). Sicat Endo had less mean deviation 
of the bur tip compared to CoDiagnostiX. However, CoDiagnostiX 
required a shorter mean planning time and fewer clicks at 10 min. 
50 sec., 107 clicks compared to 20 min. 38 sec., 341 clicks. All of 
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these results had a statistically significant p-value (p < 0.001; p 
< 0.05, respectively) [78]. The author deemed both programming 
software packages accurate, effective, and reliable. This was 
the first study to compare the accuracy of two well-established, 
commercially available virtual planning software applications for 
endodontic procedures; specifically, guided endodontic access. 
Future studies are needed to compare a wider variety of virtual 
planning software products. Interestingly, the CoDiagnostiX 
configured guide was milled using additive manufacturing, while 
the Sicat Endo guide was milled using subtractive manufacturing. 
The different fabrication methods were possibly responsible for 
the deviations in results between the two software packages, 
although both have proven to be highly accurate. 

Additional costs and a learning curve are required to use 
the data software and 3D printers necessary to implement 
3D printing into endodontic practice. The turnaround time to 
receive an outsourced 3D template is approximately two weeks; 
this makes owning a 3D printer a potential advantage [20]. As of 
2019, only PolyJet printers have been used to mill surgical guides 
used in endodontic microsurgery. However, PolyJet printers can 
cost over $100,000, this can limit their use in private endodontic 
practice. Other 3D printers (SLA, DLP, etc.) can cost much less (< 
$3,500) [79]. The reduced chair time, increased safety, increased 
procedure quality, and improved tooth prognosis should be 
taken into consideration. There was one in vitro study in this 
review by Koch et al. that evaluated the accuracy and precision 
of four different desktop 3D printers when fabricating stents for 
guided endodontics, the prices were from $2,800 to $162,500; 
they concluded that all of the printers tested produced stents for 
guided access that allowed for a high level of accuracy in obtaining 
access to the artificial endodontic canal [80]. Future studies 
should examine the accuracy of surgical guides milled by benchtop 
printers and used in endodontic scenarios. A cost-benefit analysis 
on the implementation of guided endodontics in private practice 
would be beneficial.

The safety and accuracy of guided endodontics rely on the 
surgical guide’s proper fit. There have been reports of inaccuracy 
when templates are solely supported by mucosa to guide implant 
placement; mucosal thickness and resiliency are factors; this can 
be a source of error in endodontics [5]. Fonseca Tavares et al. in 
their case report discussed the limitations and management of 
failures with the 3D guide, they reported that an accuracy error 
in the CBCT settings, low-quality images, section thickness >1 
mm, and an incorrect threshold value can compromise the guided 
endodontic planning and lead to deviations [81].

Another concern with this technology could be the need to 
have a CBCT scan to create the 3D guides, which exposes patients to 
ionizing radiation; one ex vivo study by Leontiev et al. demonstrate 
that magnetic resonance imaging (MRI) is sufficiently accurate for 

the detection of root canals using guided endodontics [82]. More 
comparative studies are needed to validate this approach. 

The additive size of the guide, bur, and handpiece may make 
treatment of posterior teeth unfeasible due to limited interocclusal 
space [4,14]; currently new designs in the 3D guides are coming 
up to counter this challenge like single-tooth templates [26] and, 
3D inlay guides [83] which were less bulky than traditional 3D 
guides. Connert et al. stated that surgical guides are most effective 
on ‘straight rooted’ teeth. The curvature in molars typically occurs 
in the apical one-third. However, heavy calcifications are typically 
found in the coronal one-third where the canal is typically straight; 
thus, the guide can be helpful [13,84]. The heat generated by the 
bur and handpiece can melt the surgical guide and damage the 
tooth. The excessive heat can also be harmful to the surrounding 
periodontal ligament and alveolar bone [85]. To combat this, slow 
rotation may be use (approx. 250 rpm) [47,86]. As well has been 
reported implementing an irrigation window in the guide port 
that allows sterile saline into the drill site for lubrication and 
cooling purposes [47]. 

A majority of the publications included in this review were 
case reports and pre-clinical studies; these types of studies do 
not offer substantial validity. Ex vivo studies do not accurately 
replicate alveolar bone, oral mucosa, soft tissue, and granulation 
tissue well; however, they do provide a good environment for 
standardization of treatment. Future large-scale, randomized 
clinical trials with more participants and longer follow-up times 
are essential to solidify the validity and reliability of the novel 
techniques mentioned in this review [52]. The continued evolution 
of endodontics and integration of 3D printing in private practice is 
dependent on this (Appendix 2-5).

Conclusion

Implementing 3D printing in endodontics opens the door 
to promising techniques with highly predictable outcomes and 
a low risk of iatrogenic damage. Results become less technique 
sensitive, and more teeth could be saved. Endodontic treatment 
time is reduced, and procedures become less invasive, resulting 
in greater patient comfort and satisfaction. Larger clinical studies 
with more participants, longer follow-up time, and standardized 
methodology are required to establish the validity of the proposed 
techniques in this review. Further research examining the 
accuracy of 3D surgical guides printed by affordable, benchtop 
3D printers applied to endodontic procedures is also warranted. 
Lastly, the success of 3D applications in endodontics is dependent 
on clinicians learning how to use a new design software, thus 
arguing for the inclusion of instruction in these procedures in 
dental education. In sum, all these technological advances allow 
for endodontics to be more precise and be able to execute more 
complex cases.
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Flow diagram

Appendix 1: Case Reports (43)

Authors Endodontic Application Printer Software

Abella Sans et al. [72] Autotransplantation
Form 3B, Formlabs Inc

Undisclosed

Ahn et al. [43] Guided endodontic microsurgery Object EDEN260V (Minneapolis, 
MN, USA) Ondemand3D (Cybermed Co, Seoul, Korea)

Ali et al. [28] Guided endodontic access Formlabs Inc. (Somerville, MA, 
USA)

Exocad Asia Ltd. (Tsim Sha Tsui Kowloon, 
Hong Kong)

Ashkenazi et al. 2018 Autotransplantation Undisclosed SIMPLANT Dentsply Sirona Implant

Buchgreitz et al. 2019 Guided endodontic access Undisclosed Galaxis/Galileos Implant (Sirona Dental 
System)
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Chaves et al. [59] Guided endodontic microsurgery

DLP 3D printer (MoonRay S100; 
SprintRay) Autodesk Meshmixer software

Connert et al. [4] Guided endodontic access Object EDEN260V (Minneapolis, 
MN, USA) coDiagnostix Software (Dental Wings Inc.)

Costamagna et al. [32] 3D printed model

SolFlex 650, VOCO, Cuxhaven, 
Germany

Autodesk 3D Design, San Rafael, United 
States

Dedania et al. 2021 Guided endodontic microsurgery Undisclosed DDS Pro

Fonseca Tavares et al. [81] Limitations of 3D guides Undisclosed Undisclosed

Gomez Mena et al. 2022 Autotransplantation
Nexdent SG; 3D Systems Blue Sky Plan 3; Blue Sky Bio

Goncalves et al. 2021 Guided endodontic access and 
post removal Undisclosed Undisclosed

Hegde et al. 2019 Guided endodontic access Form 2 Formlabs (Somerville, 
MA, USA) Blue Sky Bio Software

Kim et al. [51] Guided endodontic microsurgery Object EDEN260V (Minneapolis, 
MN, USA) In2Guide Cybermed Co. (Seoul, Korea)

Kim et al. [25] Guided endodontic access (re-
treatment) Undisclosed Undisclosed

Krug et al. [31] Guided endodontic microsurgery Form 2 Formlabs (Somerville, 
MA, USA)

coDiagnostix Planning Software (Dental 
Wings Inc.)

Lara-Mendes et al. [13] Guided endodontic access Object EDEN260V (Minneapolis, 
MN, USA)

SIMPLANT Dentsply Sirona Implant Version 
11

Lara-Mendes et al. [14] Guided endodontic access Object EDEN260V (Minneapolis, 
MN, USA)

SIMPLANT Dentsply Sirona Implant Version 
11 (Leuven, Belgium)

Langaliya et al. 2021 Guided endodontic microsurgery Undisclosed DDS Pro Software

Li et al. 2021 Guided endodontic microsurgery Undisclosed Undisclosed

Loureiro et al. [11] Guided endodontic access Moonray DLP 3D-Printer (Sprin-
tray, Los Angeles, USA)

coDiagnostix Planning Software (Dental 
Wings Inc.)

Maia et al. [37] Guided post removal

Objet Eden260V, MED610; 
Stratasys Ltd coDiagnostiX; Dental Wings GmbH

Mena-Alvarez et al. 2017 Guided endodontic access
ProJet® 6000. 3D Systems©,

(Rock Hill, SC, USA) SIMPLANT Dentsply Sirona Implant Version 
11 (Leuven, Belgium)

Mena-Alvarez et al. 2020 Autotransplantation Explora 3D Labs, Nemotec S. L 
(Madrid, Spain)

NemoScan, Explora 3D Lab, Nemotec S.L., 
Arroyomolinos (Madrid, Spain)
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Maia et al. [16] Guided endodontic access Object EDEN260V (Minneapolis, 
MN, USA)

SIMPLANT Dentsply Sirona Implant 15.0 Pro 
(Brussels, Belgium)

Park et al. [65] Autotransplantation Undisclosed Geomagic Design X Software

Perez et al. [34] Technique Form 2 Formlabs (Somerville, 
MA, USA) Blue Sky Plan (Blue Sky Bio)

Popowicz et al. [49] Guided endodontic microsurgery Prusa i3 MK2S (Prague, Czech 
Republic)

DDS Pro

(Natrodent Polska, Poland)

Santiago et al. [24] Guided endodontic access

3D printer MiiCraft Ultra 125 
(Young Optics Inc.

BlueSkyplan software and

Blender for Dental, Gold Coast, Australia

Schmid et al. [56] Guided endodontic microsurgery Undisclosed Undisclosed

Strbac et al. [48] Guided endodontic microsurgery Objet350 Connex3 (Minneapolis, 
MN, USA)

coDiagnostix Planning Software Version 9.6 
(Dental Wings Inc.)

Strbac et al. 2017 Autotransplantation Objet260 Connex 3, (Minneapo-
lis, MN, USA)

coDiagnostix Planning Software Version 9.6 
(Dental Wings Inc.)

Sutter et al. [55] Guided endodontic microsurgery Undisclosed Undisclosed

Tavares et al. [54] Guided endodontic microsurgery Form 2 Formlabs (Somerville, 
MA, USA)

coDiagnostix Planning Software (Dental 
Wings Inc.)

Tagliatesta et al. [71] Autotransplantation Undisclosed Undisclosed

Todd et al. [20] Guided endodontic access SICAT Endo SICAT Endo

Torres et al. [23] Guided endodontic access Objet350 Connex3 (Minneapolis, 
MN, USA) Mimics Medical Software 19.0

Torres et al. [7] Guided endodontic access Form 2 Formlabs, (Somerville, 
MA, USA) SMOP Software 2.15.4

Van der Meer et al. [9] Guided endodontic access Undisclosed GOM Inspect Free Software

Wang et al. [61] Multidisciplinary surgery Undisclosed Undisclosed

Yan et al. [83] Guided endodontic access

Micro Plus Advantage; Envision-
TEC, Germany 3-Matic 11.0; Materialise, Belgium

Ye et al. [44] Guided endodontic microsurgery 3D Systems ProJet 3510 SD (Rock 
Hills, SC, USA)

SIMPLANT Dentsply Sirona Implant (Leuven, 
Belgium)

Zubizarreta-Macho et al. [30] Guided endodontic access 3D Systems ProJet 6000 (Rock 
Hills, SC, USA)

SIMPLANT Dentsply Sirona Implant (Hasselt, 
Belgium)
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Appendix 2: Case Series (9).

Authors Endodontic Application Printer Software

Ali et al. [28] Guided endodontic access Form 2 Formlabs (Somerville, 
MA, USA)

Exocad Asia Ltd. (Tsim Sha Tsui Kowloon, 
Hong Kong)

Buniag et al. [52] Guided endodontic microsurgery Undisclosed Undisclosed

Cho et al. [36] Guided endodontic access

BIO3D, Bio3D Ltd.,

(Seoul, Korea) DDS-Pro, Digital Dental Service, (Czesto-
chowa, Poland)

Giacomino et al. [47] Guided endodontic microsurgery Objet260 Connex 3, (Austin, TX, 
USA) Blue Sky Plan 3 (Blue Sky Bio)

Kamburoglu et al. 2021 Guided access, microsurgery and auto-
transplantation Formlabs Form 2 Mimics Innovation suite 20.0 software

Llaquet Pujol et al. 2021 Guided endodontic access Undisclosed BlueskyPlan, Libertyville, IL

Lucas-Taule et al. [70] Autotransplantation Form 3 Formlabs (Somerville, 
MA)

Preforms Software, Formlabs Inc. (Somer-
ville, MA, USA)

Velmurugan et al. [26] Guided endodontic access Undisclosed Undisclosed

Wu et al. [69] Autotransplantation Vida EnvisionTEC Undisclosed

Appendix 3: Preclinical Studies (17).

Authors Type Endodontic Application Printer Software

Ackerman et al. 
[46]

Ex vivo Guided endodontic mictro-
surgery

Form 2 Formlabs (Somerville, MA, 
USA)

Blue Sky Bio (Grayslake, IL)

Ali et al. [15] In vitro Technique 3D Systems ProJet 6000 (Rock Hills, 
SC, USA)

SIMPLANT Dentsply Sirona Implant

Anderson et al. 
[79]

Ex vivo Materials Objet260 Connex3, Form2 & Du-
plicator7

Solidworks 2018

Choi et al. [19] Ex vivo Guided endodontic access Form 2 Formlabs (Somerville, MA, 
USA)

Exocad Software (Darmstadt, Germany)

Connert et al. [5] Ex vivo Guided endodontic access Objet EDEN260V (Minneapolis, MN, 
USA)

coDiagnostix Planning Software (Dental 
Wings Inc.)

Connert et al. [12] In vitro Guided endodontic access Objet EDEN260V (Minneapolis, MN, 
USA)

Undisclosed
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Hawkins et al. 
2019

Ex vivo Guided endodontic micro-
surgery

Objet EDEN260V (Minneapolis, MN, 
USA)

Geomagic Freeform Plus

Koch et al. [8] In vitro Printer accuracy FormLabs Form 2

FormLabs Form 3

EnvisionOne

Carbon M2

Cerec SW 5.1.3; Dentsply Sirona, Ben-
sheim, Germany

Krug et al. [78] In vitro Guided endodontic access Objet EDEN260V (Minneapolis, MN, 
USA)

coDiagnostix Planning Software (Dental 
Wings Inc.) and SICAT Endo

Liang et al. [73] In vitro Research Simulation Undisclosed Undisclosed

Leontiev et al. [82] Ex vivo Proof of principle Motion 2; Amann Girrbach AG, 
Koblach, Austria

coDiagnostiX; Dental Wings Inc, Montreal, 
Canada

Loureiro et al. [17] Ex vivo Guided endodontic access Straumann CARES P30 (Basel, 
Switzerland)

Blue Sky Plan (Blue Sky Bio)

Nagy et al. [58] In vitro Guided endodontic micro-
surgery

ProJet MD3510, 3D Systems SMARTGuide 1.26 (dicomLAB Dental, 
Szeged, Hungary

Nayak et al. [21] Ex vivo Guided endodontic access FLASHFORGE Creator Pro 3D 
printer

coDiagnostix Planning Software (Dental 
Wings Inc.) and SIMPLANT Dentsply 

Sirona Implant

Peng et al. [50] In vitro Guided endodontic micro-
surgery

Lingtong III SHINOTECH (Beijing, 
China)

Geomagic Studio 2021 (Morrisville, NC, 
USA)

Perez et al. [35] In vitro Technique Undisclosed Blue Sky Plan (Blue Sky Bio)

Su et al. [22] Ex vivo Guided endodontic access Form 2, Formlabs, (Somerville, 
USA)

Dental CAD software (Implant Planning, 
Inteware, Chiayi, Taiwan)
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Appendix 4: Observational Study (1).

Authors Type Endodontic Application

Buchgreitz et al. 2018
Observational study

Guided root canal preparation using cone beam computed tomography and optical 
surface scans

Appendix 5: Reviews (5).

Authors Type Endodontic Application

Anderson et al. [2] Review Applications of 3D printing

Connert et al. [77] Review 3D guides and dynamic navigation

D GT et al. [76] Comparative review Static vs dynamic navigation in endodontic microsurgery

Decursio et al. 2021 Review Digital planning in guided endodontics

Moreno-Rabie et al. 2020 Systematic review Clinical applications, accuracy and limitations of guided endodontics
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