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Endodontic microsurgery is a highly predictable treatment option in most cases when conventional endodontic

treatment is not feasible. 

endodontic  microsurgery  mandibular  molar  update

1. Introduction

Endodontic treatment aims to disinfect the root canal system, followed by sealing this space to prevent

recontamination . For this purpose, nonsurgical endodontic treatment is the first option in most cases, but a

surgical approach may be indicated when peri-radicular pathosis cannot be solved by a nonsurgical method .

Surgical endodontic treatment has evolved considerably owing to new technological advances such as dental

operating microscopes, cone-beam computed tomography (CBCT), computer-aided design/computer-aided

manufacturing (CAD/CAM), and three-dimensional printing technology. Most endodontists now consider the above

equipment essential for surgical endodontic treatment.

Nevertheless, clinicians still consider mandibular molars to be the most difficult targets. The success rate for

mandibular molars is lower than that for any other type of teeth in the oral cavity . The difficulty posed by

mandibular molars is their anatomical location in the posterior areas of the oral cavity. Even in a retrospective study

that used a 15-year database obtained in the 21st century, molars showed a higher probability of failure than

anterior teeth, and tooth type might be the only factor contributing to the outcomes of microsurgery . Therefore,

microsurgery of mandibular molars requires an adequate evaluation of the surgical access and the relationship of

the roots to anatomical structures such as the mental foramen and mandibular canal .

2. Anatomical Considerations

2.1. Thickness of the Buccal Bone

The buccal bone of the mandibular molar area is thicker than in other areas. The thickness of the posterior buccal

cortical plate is generally 2–3 mm on average (Figure 1a). Furthermore, this thickness may increase posteriorly

(oblique ridge), limiting access to the molar roots (Figure 1b). While the mesial root of the mandibular first molar is

reasonably close to the buccal cortical plate, the distal root is centrally located in the bone and the roots of the
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second molar are significantly closer to the lingual cortical plate . Therefore, mandibular molars with a thick

buccal bone plate pose a challenging problem in endodontic surgery, especially for precise root-end localization.

Figure 1. Anatomical features of the mandibular molar area. (a) Thick buccal bone of the mandible (white triangle).

(b) Oblique ridge in the second mandibular molar area (red triangle).

Recently, Bi et al.  reported a sophisticated approach that reduced the distance between the roots and the buccal

cortical plate by orthodontic movement. By orthodontic movement toward the buccal aspect for 2 months, the

distance between the two anatomical structures was decreased from 4.5 mm to 1.5 mm (mesial root) and 7.1 mm

to 4.5 mm (distal root). Therefore, the surgical procedure became easier and the results were successful.

Furthermore, Ahn et al.  performed osteotomy and apex localization effectively using a CAD/CAM-guided surgical

template in a mandibular molar with a thick buccal bone plate (Figure 2). Indeed, the surgical template

manufactured by using CAD/CAM technology combined with CBCT can determine the three-dimensional extent of

the required cortical bony window. Therefore, with this guide, the surgical approach to the apical region is less

invasive and less traumatic so that minimizes bone loss in comparison to the traditional osteotomy techniques .

However, even with this static technique, clinicians may have problems regarding the instrumentation during the

surgical procedure. In this respect, most recently, dynamic navigation systems for dental implant positioning were

applied to endodontic microsurgery . This dynamic navigation integrates surgical procedure and radiologic

images by using an optical positioning device controlled by a dedicated computerized interface. Consequently, with

the help of cutting-edge guiding technologies, clinicians can perform a safe and less traumatic surgical procedure

in the mandibular molar area, and unfavorable complications including increased postoperative pain, delayed

healing, and nerve damage can be avoided.
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Figure 2. Clinical case using a computer-aided design/computer-aided manufacturing (CAD/CAM)-guided surgical

template to localize the root apex through thick. (a) Diagnostic periapical X-ray. (b) A manufactured surgical

template. (c) The surgical template was positioned on the tooth. (d) Postoperative radiograph.

2.2. Vestibular Fornix

The depth of the vestibular fornix is considered a reliable predictor of the possible difficulty that may be

encountered during periapical surgery of the mandibular posterior teeth . If the vestibular fornix is shallow, the

buccal alveolar bone overlying the roots will be thick and consequently access to the root end will be limited. In

some cases, therefore, the buccal cortical plate can be reduced before exploring for the periapical lesion or root

end (Figure 3). In this procedure, the surgical concept of vestibuloplasty can be applied. However, clinicians should

bear in mind that this procedure may destroy a considerable amount of bone. Instead of endodontic surgery,

extraction and replantation/dental implantation can be a less traumatic alternative, especially for mandibular

second molars.
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Figure 3.  Drawings of mandibular molars and their mesiodistal supporting structures. The vestibular fornix

becomes deeper by reducing the buccal cortical plate.

2.3. Mandibular Canal

The mandibular canal is sometimes in the proximity of the roots of all mandibular molars (Figure 4a). According to

a systematic review, the shortest distances from the superior cortical bone of the mandibular canal to the first and

second molars were 3.82 mm and 1.4 mm, respectively . Even a direct contact relationship was found in 3.3% of

the first molar and 16% of the second molar . Furthermore, the distance from the root to the canal was shorter in

younger people (<21-year-old) than in older people . Anatomically, the mandibular canal is situated lingually

to the roots of the mandibular first molars (Figure 4b).

Figure 4. Anatomical features of the mandibular canal and mental foramen. (a) Schematic illustration of human

mandible showing the innervation of mandibular and mental nerves. (b) Transverse section of a cone-beam

compute tomography (CBCT) scan through the mandible in the region of the root of the first molar. The mandibular

canal (white triangle) is closely located lingual to the root apex.
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The borders of the mandibular canal are often difficult to visualize with conventional radiographic techniques

(Figure 5a). A parallel periapical radiograph, either horizontally or vertically positioned, can usually provide a

reasonably accurate image of the relationship between the superior border of the mandibular canal and the root

apices. CBCT imaging can be very useful for identifying the location of the mandibular canal and determining its

relationship to the root apices (Figure 5b) . Martí et al.  reported that periapical surgery is a valid treatment

option for mandibular molars, even those situated in close proximity to the mandibular canal (less than 2 mm).

Figure 5.  Usefulness of CBCT for identifying the mandibular canal. (a) Unclear mandibular canal border in a

conventional panoramic radiograph. Periapical bone resorption adjacent to the mandibular canal makes

identification of the upper border of the canal difficult (white arrows). (b) A CBCT scan shows the upper border of

the mandibular canal remarkably well (yellow arrows).

2.4. Mental Nerve

The mental nerve, a branch of the inferior alveolar nerve, emerges with the mental artery through the mental

foramen to supply the oral mucosa and the skin of the lower lip and chin (Figure 6). It can be damaged during flap

retraction, and paresthesia may occur. The mental foramen usually appears on a radiograph as a round radiolucent

area below the mandibular second premolar root apex. However, its location varies and it may be seen at the same

level or superior to the root apices .
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Figure 6. Clinical features of the mental foramen and nerve bundle (white triangle) that are detected during the

surgical procedure.

The mental foramen is most usually single in humans; when it is double or multiple, the additional foramen is

termed an accessory mental foramen. Accessory mental foramina are reported to be rare, with a prevalence

ranging from 1.4% to 10% . Moreover, Iwanaga et al.  reported that accessory mental foramina

smaller than 1.3 mm  were not clearly identified on surface-rendered CBCT images. In this respect, paresthesia

may occur even if the clinician does not recognize the damage to the mental nerve .

Gutmann and Harrison  suggested protecting the mental nerve by positioning the periosteal retractor between the

mental foramen and the intraosseous surgical site. More recently, Kim and Kratchman  suggested an effective

tip, the “groove technique”, to prevent mental nerve damage. Briefly, a 15-mm-long horizontal groove is prepared

beyond the root apex and the retractor is positioned within the groove (Figure 7a). This technique permits the

secure retraction of the flap protecting the nerve during the procedure. Recently, the use of a piezoelectric saw

instead of a bur has been shown to be useful to obtain a groove as narrow as is practical for the placement of the

retractor (Figure 7b). By using this method, excessive bone removal can be avoided.
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Figure 7. The groove technique. (a) A narrow horizontal groove is positioned just above the mental foramen (white

line). (b) Clinical feature of a practically narrow groove made using the piezoelectric saw. Note that the

nerve/vessel bundle comes from the foramen (white arrow).

2.5. Distolingual Root

Mandibular first permanent molars usually have two roots located mesially and distally, but in Asian populations, an

additional distolingual root is considered a normal morphological variant . In two studies conducted in Korea,

the prevalence of independent distolingual roots was 24.5% and 22.8%, respectively . These separate

distolingual roots of mandibular first molars are considered too difficult for performing periapical surgery due to the

considerable distance from the buccal cortical plate (8.63 mm) .

Due to this difficulty, few case reports have described surgical endodontic management of these roots. To our

knowledge, only one report was found , and the authors performed a reduced amount (2 mm) of root resection

and root-end preparation and suggested that distolingual roots can be successfully treated by modifying the

standard protocol. Nevertheless, periapical surgery for the distolingual root should be undertaken with careful

deliberation due to the technical difficulty.

2.6. Mandibular Second Molars

Due to their location, endodontic microsurgery for mandibular second molars is seldom attempted even by

endodontic specialists. Access to the root apex of the teeth is usually obtained by intentional replantation since the

roots often have a convergent form. Nevertheless, a surgical approach for mandibular second molars is attempted

in certain situations, such as abutment of fixed prosthodontics (Figure 8). In endodontic surgery for second molars,

the position of the mandibular canal should be considered carefully. The mandibular canal is located buccal to the

apex of the second molar, but lingual to the apex of the first molar in most cases . Furthermore, it was reported

that the second molars had a close distance to the canal (mean, 3.7 mm).
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Figure 8. Endodontic surgery of a mandibular second molar. (a) Sinus tract formed on the buccal aspect of a left

mandibular second molar. (b) Diagnostic periapical X-ray image showing that the tooth was an abutment for a fixed

prosthodontic restoration. (c) The root apex was exposed after osteotomy. (d) A five-year follow-up radiograph

shows complete bony healing. Images were modified from Song  after receiving permission from the journal.
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