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RESUMEN 

 Este trabajo de fin de grado es el resultado de una búsqueda y síntesis bibliográfica 

realizada mediante bases de datos como Medline y Pubmed. Los artículos que han sido 

seleccionados sobre la endodoncia guiada son al máximo de 2016 teniendo en cuanta la novedad 

de las técnicas descritas y el numero des investigaciones hechas. Este trabajo permite descubrir 

cuales son los principios de estas nuevas técnicas de tratamientos, sus indicaciones, 

contraindicaciones, así como sus ventajas y limitaciones. Se encontró que las técnicas guiadas 

en dientes con conductos calcificados aportaban buenos resultados y una cierta seguridad con 

respecto a la dificultad que presentan estos conductos en sus localizaciones y 

instrumentaciones. Sobre los dientes que necesitaban cirugías tras el fracaso del tratamiento por 

vía ortograda, se encontró que las técnicas guiadas simplificaban la localización de los ápices 

y que facilitó el proceso postoperatorio de los pacientes y aumentaba las posibilidades de éxito 

del tratamiento. Se ha demostrado que las técnicas de endodoncia guiadas aparecen como más 

eficientes, más precisas, que consumen menos tiempo, son menos invasivas y dependen menos 

del operador que la técnica convencional a mano alzada. Además, en todos los artículos 

revisados, las técnicas convencionales de tratamiento de conducto y de cirugía apical no 

consiguieron tener los mismos resultados que las técnicas guiadas. La principal limitación que 

se encontró en técnicas guiadas es el coste adicional que necesitan en comparación con las 

técnicas convencionales. La eficacia de estas técnicas ha sido ampliamente demostrada a lo 

largo de este trabajo y parecen ser más eficaces y seguras que las técnicas convencionales. Sin 

embargo, concluimos que la novedad de las investigaciones y la falta de estudios en muestras 

más grandes, así como la no estandarización de los métodos de evaluación, no permiten 

establecer conclusiones definitivas. 

 



 

ABSTRACT 

 This final degree thesis is the result of a bibliographic search and synthesis carried out 

using databases such as Medline and Pubmed. The articles that have been selected on guided 

endodontics are from 2016 at the latest, taking into account the novelty of the techniques 

described and the number of investigations carried out. This work allows to discover what are 

the principles of these new treatment techniques, their indications, contraindications, as well as 

their advantages and limitations. It was found that the guided techniques on teeth with calcified 

canals provided good results and a certain safety with respect to the difficulty that these canals 

present in their localization and instrumentation. Regarding teeth that required surgery after 

failure of orthograde treatment, it was found that guided techniques simplified the location of 

the apices and facilitated the postoperative process for the patients and increased the chances 

of successful treatment. Guided endodontic techniques have been shown to be more efficient, 

more accurate, less time consuming, less invasive and less operator-dependent than the 

conventional freehand technique. Moreover, in all the articles reviewed, conventional root canal 

and apical surgery techniques failed to achieve the same results as guided techniques. The main 

limitation found in guided techniques is the additional cost they require compared to 

conventional techniques. The efficacy of these techniques has been amply demonstrated 

throughout this work and they appear to be more effective and safer than conventional 

techniques. However, we conclude that the novelty of the investigations and the lack of studies 

on larger samples, as well as the non-standardization of the evaluation methods, do not allow 

definitive conclusions to be drawn. 
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INTRODUCTION 

 The access cavity is one of the key step in root canal treatment (1). The correct opening 

of the pulp chamber offers a clear access to the canals and a correct debridement of all debris 

that could be present in the pulp chamber. It is well documented that the long-term triumph of 

endodontically treated teeth is one of the most challenging goal to achieve because of their 

decreased resistance to fractures. Traditional endodontic cavity (TEC) is the less conservative 

method and leads to the removal of sound tissues that is superior to the amount removed in 

minimally invasive cavity access. Enlarged preparation of cavity access enhance deformability 

of the tooth and thus making the endodontically treated tooth more prone to fracture (2). Lately, 

tooth structural integrity has been shown to be the main factor influencing on the tooth 

resistance so in order to keep as much tooth structure as possible, minimally invasive access 

cavities have emerged.  

Endodontic treatments always conduct loss of tissues regardless of the type of access 

cavity (3). Not all teeth are equal facing such treatment. We can find different types of canal 

regarding their size, shape, path and some are easier and less risky to treat with conventional 

freehand method with the guarantee of successful treatment and a favourable prognosis. This is 

not the case of the pulp calcified canals (PCC) or pulp obliterated canals (PCO) (4). These 

canals are obstructed by the apposition of mineralized tissue as a result of carious lesion, 

trauma, orthodontic treatment (because of the blood supply disturbance they can provoke) or 

restorative treatment. PCC  can be find as well in elderly patients as a result of the continuous 

formation of secondary dentine throughout life  (4-5). These teeth do not necessarily require a 

root canal treatment as the calcification of the pulp can be seen as a form of healing after a 
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trauma. However, in case of symptoms such as pulp necrosis or periapical pathology, the root 

canal treatment will be indicated. 

 Teeth presenting PCC have shown to be more complicated to treat because of the 

difficulty to locate the canal even with the use of optical microscope (6). In PCC cases, 

complications such as root perforation and canal deviation have been observed (7). In order to 

treat these cases, a new minimal invasive technique called “guided endodontic” has emerged 

recently. This technique is divided into two categories: static system and dynamic system. 

The static system consists of guiding a drill trough the canal access cavity with a 3D-

pressed template previously obtained thanks to the merging of both CBCT and intraoral digital 

scan. In comparison with the static system, the dynamic system delivers a real-time guiding 

over the treatment which allows the operator to evaluate if the previously digitally planned 

procedure is being followed correctly.  

 “Guided endodontic” techniques do not only include root canal treatment of PCC. The 

apical surgery is often the treatment of choice after the failing of root canal treatment. It consists 

on the resection of the apex of the tooth and the complete debridement of the infected periapical 

tissues by the mean of curettage (8). Among the factors influencing the success of a periapical 

surgery, the type of lesion, the material used to perform the retrograde obturation as well as the 

coronal restauration that will be placed have been noticed (9). Recently novel techniques 

appeared to make those treatments less invasive, less operator dependent, less time-consuming 

and more predictable. It has been demonstrated that the postoperative complications in 

apicectomy is greatly influenced by the extension of the osteotomy. The attainability of the 

apex can be challenging because of the thickness of the bone or anatomical structure making 

the surgery more complicated. So, “Guided endodontic surgery” has been proposed, it is 
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performed by the mean of 3D-printed template that allows the operator to target exactly the area 

where to realize his osteotomy and thus minimize it being more conservative and less 

traumatizing for the patient (10). As for orthograde root canal treatment, guided endodontic 

surgery can be perform by the mean of a dynamic system which allow the operator to visualize 

in real-time if the treatment is going as planned prior to the procedure (11).  

OBJECTIVES 

The principal objective of this literature review is: 

- Present static-guided endodontic techniques and dynamic-guided endodontic 

techniques.  

The secondary objectives of this literature review are: 

- Compare the new guided endodontic techniques with conventional freehand endodontic 

technique for the treatment of pulp calcified canal.  

- Present the guided endodontic surgery and compare it with the conventional endodontic 

surgery.  

 

 

 

 

 



 4 

MATERIALS AND METHOD 

With the aim of achieving this review, several articles were selected using the platform 

PubMed and Medline. They were all referenced and cited thanks to the software Mendeley. The 

articles selected were chosen according to their date of publication: from 2016 to 2020.  

The following key words were used to specify the selection: 3D-template, computer-aid 

endodontic, guided endodontics, dynamic guided endodontics, static guided endodontics and 

guided endodontic surgery.  

Several clinical cases were picked in order to compare the results obtained and have a 

clinical point of view of these new methods.  
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RESULTS AND DISCUSSION 

Static guided root canal treatment 

As mentioned previously, the guided root canal treatment aims to treat the teeth with 

PCO. Over the last decades, it has been documented that the teeth presenting PCO could suffers 

complications when performing conventional free-hand root canal treatment. Based on 

Kvinnsland et al. (1989) 20% of the perforations were due to the difficulty to locate properly 

the canals in teeth with pulp obliterated canal (12). In another study conducted by Cvek et al. 

(1982) 20% of the failed treatment were done on incisors presenting calcified canals (13).  

Guided endodontic treatment appears to be a good alternative option when curing 

obliterated canals. All the literatures available on this topic present guided access cavity as very 

accurate when comparing the cavity perform and the one previously planned virtually. In 

addition to being very accurate, no root perforation were mentioned when opting for guided 

endodontics access (13-15). 

The accuracy of the guided access has been measured by superposing preoperative 

CBCT-scan and postoperative CBCT-scans taken once the access cavity was done. The 

different authors measured the deviation of the tip of the bur, deviation of the base of the bur, 

the deviation angle and finally the success rate. The study conducted by Buchgreitz et al. (2016) 

didn’t provide other information than the deviation at the tip of the bur which was of 0.46mm 

(16). Regarding the study conducted by Zehnder et al. (2016), a mean angle deviation of 1.81° 

was found with a mean mesial/distal (MD) deviation a the tip of the bur of 0.29mm, buccal/oral 

(BO) of 0.47mm and apical/coronal (AC) of 0.17mm (15). For their part, Connert et al. (2017) 

registered lower values, a mean deviation angle of 1.59°, a mean MD deviation at the tip of the 

bur of 0.14mm, BO of 0.34 mm and AC of 0.12 mm (17). A 100% success rate were achieved 
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in this study. An interesting fact given by the last two authors was that no statistical differences 

were found between the guided cavities done by two different operators which traduce the fact 

that the realization of the cavity was achievable and reproducible by two different practicians.  

As a comparison with implant placement by the mean of 3D guide tooth supported, Schneider 

et al. (2009) found a mean deviation angle of 5.29° which is much higher than the one found in 

the different study for guided endodontic (18). Regarding the mean deviation at the apex of the 

implant, Tahmaseb et al. (2014) found a value of 1.39mm which is still higher than the ones 

found for guided access cavities (19). 

In 2019, Connert et al. conducted an in vivo study with the aim of comparing the 

endodontic access cavity using conventional freehand technique and guided one. They studied 

the substance loss, the localization of the canal and the treatment duration. To achieve this 

study, they used 6 identical sets of superior and inferior jaw produced by the mean of 3D-

printed incisors simulating the calcified root canals. The access cavities using both techniques 

were performed by 3 practicians with different experience (one of 9 years’ experience specialist 

endodontist, one with 3 years’ experience general dentist and one newly graduated). Each of 

the dentists participating had 8 teeth per technique and operator. The access cavities realized 

by both techniques were evaluated using a postoperative CBCT scans. The result obtained are 

shown in the following table:  
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 Canal location Mean substance loss Treatment duration 

Conventional technique 41.7% 49.9 mm3 21.8 min 

Guided endodontics 91.7% 9.8 mm3 11.3 min 

 

 

 

Figure 1. Issued from Connert et al (2019) study (20).                     
A and B: maxillary incisors after access cavity preparation. C and D: 
visualization of the access cavities in maxillary and mandibular incisors. E 
and F: postoperative CBCT scan showing the lower incisors in a sagittal 
plane. 
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Regarding the localization of the canal in the conventional technique, the newly 

graduate operator did not find any of the canals while the 3 years experienced dentist found 4 

of the 8 canals and the specialist 6 of the 8 canals. With the guided technique, the unexperienced 

operator found 8 of the 8 canals while the other two found 7 of the 8 canals. This traduces 

clearly that the guided technique is not as experience dependent as the freehand conventional 

technique and that a freshly graduated dentist could be able to use this technique.   

Even though guided endodontic is easier to perform in the anterior sector due to the 

accessibility of the site, it has also been performed in the posterior sector to solve cases 

presenting pulp calcified canal (20-21). Sônia T de O. Lara-Mendes, Camila de Freitas M. 

Barbosa, Caroline C. Santa-Rosa and Vinicius C. Machado have done a case report where 

guided endodontic has been chosen as treatment technique. The patient referred to the consult 

complaining about discomfort in the posterior region of the second quadrant. No pulp response 

to the vitality test has been recorded and the percussion was slightly positive. Extensive bone 

reabsorption was observed on the CBCT scan at the apex of the 27 and 28. Unfortunately, after 

trying the conventional technique, the operator failed to locate the palatal canal of the 27 and 

the distobuccal canal of the 28. Thus, a high-resolution CBCT scan were taken to be able to 

have a more detailed view of the periapical radiolucencies and of the anatomy of the canals. 

The palatal canal of the 27 and the distobuccal canal of the 28 were observable only in the 

apical and middle third. Given the situation, a guided endodontic approach was chosen.  
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Figure 2. A: control x-ray at 3 months. B: control x-ray at 1 years. C: Preoperative CBCT scan. D: CBCT scan at 1 year 
(21).  

The one-year control x-ray and CBCT scan showed a clear reduction of the periapical lesions 

and the patient presented negative response to percussion test nor symptoms such as pain. This 

case demonstrated clearly that guided endodontic procedure for root canal treatment is a 

suitable alternative when having difficulties locating canal.  
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Guided endodontic technique has also demonstrated its effectiveness in the succeed of 

case where perforation and/or deviation of the canal occurred using conventional technique 

(22). Iatrogenic accidents may occur during endodontic procedures. Anatomy of the tooth and 

its variations must be known in order to perform a successful endodontic treatment. Although, 

having this in mind does not guaranty succeed in the treatment. Among the complications that 

you can face when performing a root canal treatment, the deviation of the original path of the 

canal is common. This complication would lead to difficulties reaching the working length or 

even make it impossible. Thus, it would be traduced by a non-adequate instrumentation and 

obturation and thus compromising the treatment outcome. In pulp calcified canal, the 

appearance of deviation could be due to a defective preparation of the access cavity or to  a 

wrong estimation of the path of the canal (23). Here is a case of a 15 requiring root canal 

Figure 3. A and B: Virtual drill superimposed over the 27 
and 28 thanks to the implant software Simplant.                                
C and D: Design of the virtual template by the mean of 
Simplant (21). 

Figure 4. Access of the root canal by the mean of the 
3D-printed guide (21). 
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treatment because of pulp necrosis and chronic periapical abscess. The initial access cavity 

preparation of the canal was performed by the mean of conventional technique which result in 

a deviation and perforation of the canal.  

Figure 5. A: preoperative radiography B: Radiography of the 15 showing the perforation and deviation of 
the canal (22). 

 

Figure 6. CBCT scan showing the deviation and perforation of the canal of the 15 (22). 

 

Figure 7. Upper left: 
Canal patency checking. 
Upper right: final 
radiography. Lower: One-
year control radiography 
(22). 
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This case report displays that guided endodontic treatment is a reliable option to restore 

original path of the canal in case of deviation in PCC. It has been achievable to proceed to the 

cleaning, shaping of the canal all along it as well as repairing the wrong path done before. 

 The utilization of the CBCT scan in endodontic has changed over the years because of 

its utility when diagnosing periapical pathologies, approaching different complex tooth 

anatomy and detecting PCC or even defective restauration (24). Indeed, in 2015, the guidelines 

regarding the uses of CBCT imaging in endodontic have been updated by the American 

Association of Endodontists and the American Academy of Oral and Maxillofacial 

Radiography. CBCT scans is recommended in cases of calcified root canals to allow thy correct 

location because of the difficulties they present (25).  

 It has been stated by the authors that the success rate of the teeth with PCO presenting 

periapical periodontitis did not surpass 62.5% even though for the same cases it could go up to 

89% when treated by endodontic specialist (12,26-27). Facing radiographic signs of PCO and 

periapical periodontitis, guided endodontic technique could be chosen for a more foreseeable 

access of the apical third of the canal. This technique is of great interest for the less experienced 

operators since it eliminates the need of microscope and conserves as much tooth structure as 

possible (15-17,26,28). 

 One of the factor related to an increased or decreased risk of fracture is the coronal 

access depending on whether or not it is of great extension (29). In fact, the coronal structure 

loss due to the access cavity will conditionate the need of posts to support the final restoration 

of the treated tooth. Teeth with great access cavity extension will require posts while the one 

treated with conservative access won’t (30-31). 
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 Static guided endodontic presents limitations. This technique can only be used in teeth 

with straight canals or only in the straight part of curved roots. Furthermore, the bur used could 

generate microcracks on the dentine as it generates more heat than conventional files. This 

increased temperature could damage the periodontal ligament or adjacent bone (32). Also, 

another drawback of this technique is the need of a CBCT scan which increased the radiation 

dose of the patient even though it is completely justified (5). 

Dynamic guided root canal treatment 

Static guided endodontic by mean of template presents some limitations. It doesn’t allow 

much freedom once the guide is manufactured, its dimensions and specificities cannot be 

changed easily (size, depth, angulation) (33). Additional costs for the manufacturing of the 

guide and additional time required to planning may as well be seen as drawbacks. Moreover, 

the space required for the placement of the static template is as well a limitation in the posterior 

sector of the mouth as well as in patient with small mouth opening (34).  

 As for the static guide, the dynamic navigation system comes from the implantology 

field. In implantology, the virtual implant position is set thanks to a computer software and the 

preoperative CBCT scan. Then, real-time tracking system provides the information related to 

the implant place meanwhile doing the surgery which guides the operator and the exact position 

of the handpiece is known (34). In the recent literature, it has been reported that it is equal or 

superior in term of accuracy compared to other computer-assisted techniques (32-34). The 

precision of the dynamic system allows a safer practice as it decreases the risk wrong paths, 

perforation or the non-location of the canal. In contrast with the static system, the dynamic one 

allows some freedom to the practician making him able to adapt to each clinical situation that 

were not possible to plan or anticipate (34). As a new technique, it has not been a lot 
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investigated. It has been described in a study conducted by Bun San Chong, Manpreet Dhesi 

and Jimmy Makdissi in 2019. In order to conduct their study, they selected human extracted 

teeth with intact crowns and roots. Light body silicone was introduced in each teeth’s canals to 

simulate PCC. Then, all the teeth were set into 3 different casts reproducing a dental arch. 

Preoperative CBCT scan and periapical radiographies were taken. They performed conservative 

guided access cavities and all the expected canals were found in 26 teeth. They met difficulties 

in the location of the canals in 3 teeth: molars only. In fact, only the palatal canal was located 

in the 17 and 27, in the 26, only the mesiobuccal and palatal canals were located successfully. 

Unfortunately, the access preparation of the distobuccal canal was not aligned correctly. Given 

the results obtained, they demonstrated the potential of this new technique.  

Guided endodontics, in surgical and non-surgical approaches, have been more studied 

using static guides. However, the dynamic navigation system have been investigated in the 

recent literature and shown as accurate leading to successful results (38). As for the static 

system, they are several needs for the dynamic guided endodontics. One mandatory tool for this 

treatment option is the CBCT scan. The costs associated with this technique are not negligeable 

and could figure as a major drawback as it implies investment including disposable material. 

Both dynamic and static guided technique have advantages and disadvantages over each other. 

One of the advantages of the static guide is that it doesn’t allow the operator to deviate from 

the planned path. It is of great interest when the practician is not experienced. However, it can 

also be seen as a drawback as it implies a limitation regarding the freedom of 

changing/adjusting the planned path when facing a clinical situation slightly different than the 

one expected. Regarding the advantages of the dynamic guided system over the static one, we 

can find several. It is possible to achieve the treatment in one and only appointment, it is safer 

and has an increased predictability as it is checked in real time, the planning of the operation is 
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easier and faster, the irrigation is not impeded by any template and thus reducing the risk of 

structure damages due to overheating. Finally the dynamic system is usable in sites where the 

access is limited due to a reduced interocclusal space or interdental space where a 3D-printed 

template wouldn’t fit (39). 

 Concerning the inherent errors that can happen in the dynamic systems, we can face 

three types: machine related, patient or tooth-related and operator related. The machine related 

errors are related with an incorrect installation of one or more of the components needed to 

perform the procedure. For instance, an instable jaw splint could lead to further errors. 

However, it could be checked and fixed prior to the treatment. Tooth or patient-related errors 

could be presented as the one that affect the planning of the procedure. The planning of the 

procedure could be affected by an inadequate pre-operative CBCT scan affected by previous 

restorations present on the tooth/teeth to treat. The state of the tooth is also a factor that could 

affect the accuracy of the treatment (39). Even though this technique is guided, the clinician 

has a great part in its realization. In. fact, the dentist controls the handpiece without any physical 

guide which make this technique considered as freehand by several authors. This could lead to 

intra operator’s variability in the execution of the procedure. It could imply mistakes by not 

following the original plan and thus cause deviation. The operator experience is of a greater 

importance in dynamic guiding system than in static system (39). The principal downside of 

the dynamic system is the need to look on the system display to know what you are doing and 

so not having a direct vision of the operating field. Another downside of this system is the setup 

that it requires. It requires quite a lot of material, from the bulky handpiece to the splint or even 

the monitor displaying all the information. All of this presenting an additional cost to the 

treatment may restrict its use.  
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Guided static endodontic surgery 

 Endodontic surgery is indicated in teeth presenting apical periodontitis when previous 

non-surgical root canal treatment has failed. It is documented that conventional apical surgery 

has a quite low success, going from 43.5% to 74%. However, with the modernization of the 

techniques, the eruption of new materials, the microscope, the success rates has increased 

ranging from 88.9% up to 100% (40). As a new technique, guided endodontic surgery technique 

has also been investigated by some authors over the past years. As for the guided orthograde 

root canal treatment, static 3D-printed template has been used. The surgical stent is obtained 

after merging both intra-oral scan and pre-operative CBCT scan through an implant planning 

software just like for the static guided root canal treatment. They can be bone-, mucosa-, or 

tooth-supported (39-42).  

 The success of the endodontic surgery is largely influenced by several factors including 

the type of lesion to be treated, the filling material as well as the restauration of the tooth (45). 

Some authors stated that the position of the tooth was a factor influencing the prognosis of the 

treatment. In fact, the anatomy of cortical bone and the presence of adjacent anatomical 

structures such as nerves, sinus or foramen contributes to the outcome of the procedures as it 

can make the treatment even more complicated to perform and engender complications (46).  

 Traditional method implies important bone resection and thus augmented postoperative 

pain, deferred healing or even nerve injury. The use of conventional bur also can be at the origin 

of the complications and the damages caused to the adjacent structures. Some authors have used 

alternative material to perform their osteotomy in guided surgery by mean of trephine burs with 

a stop that block the bur when reaching the desired length or even piezo-surgical devices that 

do not hurt the nerves, the vessels or the mucosa (10,42).  
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 The guided static technique consists in defining the area where to perform the osteotomy 

as describe by the authors in the recent years. Some created a “window’ in their guide to 

delimitate the area where to do the osteotomy and some as for the guided root canal place a 

sleeve in the guided to have the correct angulation and go directly to the apex of the tooth to 

treat and being minimally invasive (9-10,42).  

                                                         

                                      

 Thanks to the use of surgical guide, the extension of the osteotomy is delimited and thus 

decreased. This allows lower post-operative complications. Depending on the type of guide use, 

it can be possible to keep the removed cortical bone to later put it back in place as autogenous 

graft which would promote an early cicatrisation (10).                                             

As any digital planning, it requires time before the procedure to plan the surgery but 

then it allows the practician to then go straight to the apex of the tooth and avoiding him to 

waste time looking for the apex and potentially damage adjacent structures (e.g. Apex of 

another tooth). It is documented that the extent of the swelling post-operative is influenced by 

Figure 8. Example of a surgical guide of a 
cast with a sleeve to guide the bur to the 
apex of the tooth to treat (9). 

Figure 9. Example of a 
surgical guide with a 
“bone window” on a 
cast and the operation 
site (10). 
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the duration of the procedure so the use of guide is relevant as it decrease the operating time 

and thus decrease the post-operative inconvenience of the patient (43-44).  

The use of 3D-printed guide is very useful when facing complex cases where adjacent 

structures can be compromised. It permits to the operator to avoid the critical anatomical 

landmarks and thus avoid iatrogenic damages.  

This technique to perform apical surgery appears to be safer as it is less operator 

dependent, it reduces the operating time and is more accurate when it comes to “find” the apex 

of the root. Bone “window technique” using piezo-electric devices and trephine bur technique 

reaching the apex directly have shown to be effective according to the author. One of the main 

advantage of the custom trephine burs introduced by M. Antal et al. over the conventional bone 

trephine burs is that they have a stop which hinder the risk of overpenetration of the bur (10,41-

42).  

 

 

Figure 10. Virtual planning of apical surgery 
performed with custom trephine bur (41). 

Figure 11. a) conventional trephine bur.                               
b/c) custom trephine burs of various sizes (41).  
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 The effectiveness of the static guided endodontic surgery has been demonstrated by S. 

Akermann et al. in the study they conducted over teeth from human cadaver. They selected 48 

roots which they split into 2 groups of 24 roots each. One group was treated by the guided 

technique and the other one by the conventional freehand technique. To analyze if the planned 

path was respected, they superposed preoperative CBCT scans with postoperative CBCT scans. 

As results, they noted that 100% of the guided treated roots were treated successfully unlike the 

freehanded treated ones where only 11 out of 24 were treated successfully. Moreover, they 

noticed that the guided group of roots had an increased accuracy with a mean of 1.473 mm 

deviation between what was planned and what was performed. The mean deviation for the 

control group was of 2.638 mm (50).  

 Although in the available literature, authors have noted major advantages of the guided 

technique compared to the conventional one, it still has limitations. Among the limitations, 

authors have found that the space it requires in the mouth of the patient could limit the access 

for the handpiece. Additionally to this, the potential restoration present on the teeth to treat 

could produce artefact on the CBCT making it harder to plan the procedure. They have stated 

as well that the guide could impede optimal irrigation during the surgery.  
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Surgery using dynamic navigation system 

 The dynamic navigation system has poorly been investigated in pericapical surgery as 

it is a very new technique in this field. However, it is still possible to find traces of it in the 

recent literature. In a study conducted by O. Dianat et al. in 2019, they compared endodontic 

surgery in 2 groups of 20 teeth from cadavers. The surgery was performed by conventional 

freehand technique in one group and with dynamic system in the other. Subsequently, these two 

groups were divided each in two other groups, one where the apex of the teeth was at a distance 

inferior or egal to 5mm from the buccal cortical bone and one group where the apex of the teeth 

was at a distance superior to 5mm. To compare both techniques, they measured: the linear 

deviation, the angular deflection and the time required to perform the procedure. The results 

obtained were greatly in favor of the dynamic guided system. In fact, the mean deviation was 

largely inferior in the guided system in comparison with the free-hand one. They found lower 

values for the angular deflection and operating time as well in the dynamic system. An 

important finding to mention is that there were almost no difference in the subcategories of the 

dynamic system group whereas there were some in the ones of the free-hand group (50). This 

study has demonstrated the efficiency of the dynamic guided method regardless of where the 

apex of the teeth is located from the buccal cortical plate. It is of great interest in complicated 

case where the root is hard to locate and where possible over preparation of the bone could be 

done implying risking to damage adjacent structures.  

 Gianluca Gambarini et al. reported in 2019 a case of a 34-year-old patient treated with 

dynamic system for the periapical surgery. In this case, the treatment was done by a student 

under the supervision of a tutor to evaluate the importance of the experience when using this 

technique. He stated that the localization of the apex as was well as the apex resection were 

done accurately performing a minimally invasive osteotomy preventing iatrogenic damages. 
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Follow-up controls were done 1-, 3- and 6-months post-operation and great healing of the 

tissues was noted. Considering the limited discomfort of the patient, they judged the treatment 

as successful (11). 

 Dynamic endodontic surgery allows the operator to find the apex easier than in 

conventional apical surgery where it is one of the major challenges of the procedure (51). 

Knowing, the relationship between the extension of the osteotomy, the healing process and the 

post-operative complications, this method has a great potential as it is presented by the authors 

to be minimally invasive. As for the dynamic system in orthograde root canal treatment, it 

allows real-time tracking of the bur which impedes the iatrogenic errors and thus further 

complications. As an advantage over the static system, we find the possibility to modify the 

plan when performing the procedure to adapt to any unplanned situation. This system enables 

the less experienced dentists to perform such procedure as it will guide them to the apex 

conserving as much bone as possible avoiding large bone resection. The operator’s experience 

is not as important as in the free-hand technique. Moreover, the dynamic system presents a 

shorter surgical instrumentation which permits to use it in area with difficult access such as 

posterior sector or patient with limited mouth opening.  

 As for all the guided endodontic procedures, this procedure has an additional cost which 

could be a limitation. Another drawback of the guided surgery is the need to watch at the device 

instead of the operation site to check if we are performing the treatment as planned previously.  
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CONCLUSION 

Authors have demonstrated, over the past few years, through case reports and ex vivo 

studies that guided endodontic techniques appeared as more efficient, more accurate, less time-

consuming, less invasive and less operator dependent than free-hand conventional techniques. 

In none of the articles reviewed, free-hand techniques showed better results than the guided 

ones.  

Regarding guided systems: dynamic one and static one, they both present advantages 

and disadvantages over the other and this in root canal treatment of PCO or in periapical 

surgery. The election of which system to use is done according to the case faced and the physical 

characteristics of the patient. Proper diagnosis is key in selecting the guided system whether 

static or dynamic.  

The principal withdraw of guided endodontics is its additional cost. However, this 

additional cost can be justified if it allows to maintain the teeth and avoid incorrect treatment 

leading to iatrogenic errors resulting in bad prognosis in conserving the teeth and thus leading 

to rehabilitation treatments.   

Guided endodontic techniques come from the field of implantology where guided 

implant systems have largely been investigated. However, even though the authors have 

demonstrated their efficiency, guided endodontics are still very new techniques. Most of the 

literature is very recent and mostly rely on case reports or ex vivo studies but it lacks studies 

conducted over larger time and more standardize methods of assessment are needed to show 

concrete results that would make this technique a compelling alternative treatment when 

treating complex cases. High-quality studies are absolutely essential to expose clearly the 
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strengths and limitations of these techniques in order to offer the best outcome as possible to 

the patient.  

Social responsibility 

Nowadays, it is greatly assumed that the aim of the modern dentistry is to be as much 

conservative as possible. Thus, whenever it is possible to “save” a tooth everything should be 

done in order to conserve it. So even though these new techniques have an additional cost, 

they can considerably improve the quality of life of the patient as it could “save” teeth that 

wouldn’t be conserved otherwise.  

Moreover, as very new, those techniques open the doors for further bigger 

investigation, research and development in order to bring out all their potential and why not 

make them an alternative of choice to save teeth.  
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