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[Abstract] Endodontic microsurgery is one effective method for preserving teeth affected by periapical disease, and
is also an essential technique for treating difficult cases. However, due to the restricted operating space at the posterior
site and the proximity of the root apex to the maxillary sinus, endodontic surgery in the posterior maxillary area repre-
sents great challenges. This article summarizes the anatomical relationship between the maxillary sinus and the maxil-
lary posterior teeth, the influence on endodontic microsurgery, and the application of assistive techniques on maxillary
posterior teeth, such as 3D-printed surgical guides and ultrasonic osteotomes. Literature review results show that the spa-
tial relationship between the apex of maxillary posterior teeth and the maxillary sinus is usually divided into three cate-
gories: the apex enters the maxillary sinus; the apex contacts the bottom of the maxillary sinus; and there is a distance
between the apex and the bottom of the maxillary sinus. CBCT should be performed before the operation, and the peri-
apical state of the tooth and the maxillary sinus and the distance between the lesions and the sinus floor should be con-
sidered to evaluate the difficulty of the operation. Meanwhile, during surgery, equipment such as surgical guides, endo-
scopes and ultrasonic osteotomes should be used to ensure that the operation is safer, reliable, precise and less invasive,

but the clinical popularity of ultrasonic osteotomes still needs further promotion. Moreover, high-quality clinical studies
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on the long-term effects of micro-apical surgery in the posterior maxillary area are still lacking.
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Figure 1

a: the root tips protrude into the maxillary si-
nus floor; b: the root tips contact the maxil-
lary sinus floor; c: there is a gap or space be-

tween the root tips and maxillary sinus floor

The relationships between

roots and the maxillary sinus

dcd B1 FRS LR

x1 WU AR EASE KRBT SO R 2
Table 1 ~ Summary of the literature on the relationships between the root tips of the maxillary posterior teeth and the maxillary sinus
Age MFM MSM
Author Year Country —————— Tooth/type MFP(%) MSP(%) Classification criteria
Average/range MB(%) DB(%) P(%) MB(%) DB(%) P(%)
Zhang et al"™ 2019 China  26.2/18-45 | 5270 5540 61.00 62.00 58.2 45.80 - —  Type I: the root tip enters or touches the si-
nus floor without a continuous bone plate
Il 2290 21.10 14.60 19.40 22.10 22.90 Type II: the root tip contacts the sinus with
a continuous plate or a distance < 2 mm
I 24.50 23.00 23.80 18.60 19.70 31.30 Type III: the distance between the root tip
and the sinus floor is > 2 mm
Nino-Barrera et al"” 2017 Colombia ~ N/18-65 2 570 640 1250 680 590 7.65 020  3.95 Type I: the root tip is located below the
maxillary sinus
Type 2: the root tip is located in the maxil-
lary sinus
Jang et al 2017 Korea 24/15-82 2 1236 11.03 1593 13.57 974 468 004 370 Type L: the root tip is outside the maxil-
lary sinus
Type 2: the root tip protrudes into the max-
illary sinus
Tian et al 2016 China  34.04/14-81 IS 22.14 21.14 28.84 2458 1632 12.11  3.02 1297 Type IS: the root tip is located above or
protrudes into the maxillary sinus
CO 3570 34.31 33.08 43.07 3991 3648 13.97 30.56 Type CO: the root tip is in contact with the
sinus floor
08 42,16 44.55 38.09 3235 43.77 5141 83.02 56.50 Type OS: the root tip is located below or
away from the sinus
Ok et al"" 2014 Turkey N/14-84 1 2640 2590 3420 30.90 30.50 30.90 120  8.10 Type I: the root tip protrudes into the sinus
2 3470 34.10 27.90 36.70 3490 3250  6.50  20.20 Type 2: the root tip is in contact with the
sinus floor
3 38.90 39.70 37.90 3240 342 36.60 9240 71.60 Type 3: the root tip is below the sinus floor
Pagin et al'” 2013  Brazil  44.5/21-76 1 550 740 830 920 5.00 10.60 1.30 830 Group l: the root tip contacts the sinus with-
out entering it and its contour is not raised
2 320 1.80 550 1290 830 410 000  0.90 Group 2: the root tip protrudes into the si-
nus with the contour elevated
Jung et al'” 2012 Korea  28.8/20-53 0 29.50 28.90 34.30 24.10 24.70 42.80 - - Type 0: the root tip is away from the sinus
floor
1 1020 12.00 6.60 24.70 25.90 19.30 Type 1: the root tip contacts the sinus floor
2 27.70  28.90 37.30 14.50 15.10 24.70 Type 2: the root tip contacts the sinus lat-
erally without entering it
3 32.50 30.10 21.70 36.70 34.30 13.30 Type 3: the root tip protrudes into the sinus

MFM: maxillary first molar; MSM: maxillary second molar; MFP:

distobuccal root; P: palatal root

maxillary first premolar; MSP: maxillary second premolar; MB: mesiobuccal root; DB:
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a: preoperative X-ray showed that tooth 26 had received root canal therapy and there were obvious projections around the periapical region, tooth

26 was diagnosed as chronic periapical periodontitis; b: the sagittal CBCT view showed that the mesiobuccal root tip had a large area of projec-
tion that was adjacent to the maxillary sinus and the thickened sinus mucosa; c: the coronal CBCT view showed that the distobuccal and palatal
root tips had shadows and that the bone between them was thin; d: the horizontal CBCT view showed extensive defect of buccal bone plate of me-
siobuccal root and showed that the palatal plate of the palatal root was thin; e: preoperative intraoral photos showed that the buccal mucosa of 26
was swollen; f: the curettage of the mesiobuccal apical lesion; g: the mesiobuccal and distobuccal root tips were removed by 3 mm, and microsco-
py was performed after ultrasonic preparation; h: root end preparation of the palatal root; i: complete root end filling with iRootBP plus; j: absorb-
able collagen membrane was placed on the palatal plate perforation; k: bone cavity was filled with artificial bone powder and autogenous bone; 1:
immediately imaging of tooth 26 showed that the tips were sealed with filling material and there was a low-density shadow above the root tip; m:
1 year after the operation, the apical radiograph of tooth 26 showed that the projection above the tips had disappeared and bone growth was evi-
dent; n: 2 years after surgery, the sagittal CBCT view showed compact apical filling of tooth 26 and good bone healing; o: the coronal CBCT view
showed that the distobuccal and palatal root tips of tooth 26 had no projection, and the maxillary sinus mucosa had returned to normal; p: the hor-
izontal CBCT view showed that the buccal and palatal plates of tooth 26 were complete and continuous

Figure 2 Treatment of the chronic periapical periodontitis of tooth 26 with endodontic microsurgery
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a: sagittal plane; b: coronal plane; c&d: horizontal plane; red arrow: the posterior alveolar artery; yellow arrow: maxillary sinus septa
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Figure 3  Distribution of the posterior alveolar artery and maxillary sinus septa in CBCT images
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