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[Abstract] Endodontic microsurgery (EMS) is an oral surgical procedure that utilizes the magnification and illumina-
tion provided by a microscope. Fine instruments are used to remove periapical diseased tissues, resect the root apex,
and tightly seal the root canal system, aiming to promote the healing of periapical tissues and retain the affected tooth
whenever possible. Precise localization and resection of the root apex have always been challenging in EMS. The appli-
cation of digital technology in EMS can address many issues in traditional endodontic microsurgery. Digital technology
offers advantages such as optimizing surgical planning, providing precise positioning guidance, and enhancing opera-
tional accuracy. Currently, the commonly used digital technologies in EMS include static and dynamic navigation tech-
nologies and oral surgical robots. Static navigation technology enhances surgical predictability through precise preopera-

tive planning and guided fabrication, yet is constrained by its inability to adjust during surgery. Dynamic navigation
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technology excels in real-time tracking and intraoperative flexibility but demands high hand-eye coordination from sur-
geons and may be hindered by bulky handheld devices. Oral surgical robots reduce hand tremors and human error in
surgery with their high precision, stability, and ability to adjust in real time, but their clinical applicability is limited
and their cost is high. In clinical practice, tailored combinations of these technologies can be applied based on case
complexity. For simple cases with well-defined anatomy, static navigation alone may suffice. For complex anatomical
cases, static navigation can provide initial planning, supplemented by dynamic navigation for real-time guidance or ro-
botic systems for high-precision execution. This paper discusses the workflow, clinical application status and advantages
and limitations of these three digital technologies in EMS. The continuous development of digital technology is expected
to simplify the operation process, improve the navigation accuracy, and reduce the operation cost. It is believed that
with continuous improvement and optimization, these technologies will effectively break through the current bottleneck
of the cost of equipment, operation complexity, and accuracy enhancement. These technologies are also expected to fur-

ther expand the application boundaries, providing more minimally invasive, precise, and time-saving personalized treat-

ment solutions for endodontic diseases.

[Key words] digital technology; computer-guided surgery; endodontic microsurgery; static navigation; dynamic navi-
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Figure 1  Working flow of three digital technologies
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Table 1 Application examples of digital technologies in complex cases

Researcher Digital technology ~ Tooth position Clinical case description

Popowicz W, et al. *"! SGE 25 Apical low=density lesion adjacent to a pneumatized maxillary sinus

Benjamin G, et al. !l SGE 26, 36 Teeth adjacent to critical structures (greater palatine artery, accessory cervical neuro-
vascular bundle, posterior superior alveolar artery)

Giacomino CM, et al. ®¥ SGE 17 Intraoperative removal of palatal root lesions via a lateral palatal approach

Li X, et al. 149! DGE 34,32,35,25 Roots adjacent to mental foramen, implants, inferior alveolar nerve, and maxillary sinus

Fu W, et al.* DGE 16 The root of the affected tooth is closely adjacent to the maxillary sinus, and the palatal
root is adjacent to the root of the adjacent tooth

Villa-Machado PA, et  DGE 26 Intraoperative elevation of the maxillary sinus in conjunction with piezoelectric oste-

al 1! otomy for removal of the palatal root apices

Fu M, et al.* Surgical Robot 11 A separated instrument approximately 7 mm in length is located beyond the apical fora-
men of the affected tooth

Isufi A, et al.*! Surgical Robot 24,25 Root of affected tooth adjacent to maxillary sinus

SGE: static guided endodontics; DGE: dynamic guided endodontics
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Table 2 Comparison of advantages and disadvantages of three digital technologies in the application of endodontic microsurgery

Category SGE DGE Surgical robot
Technical features Physical guide + sleeve guid-  Optical tracking + real-time visual- Robotic arm control + automatic calibration
ance ization
Mouth opening requirement High Relatively low Relatively low

Hand-eye coordination High High
Intraoperative real-time ad- Not supported
Jjustment ment)

Core limitations

Inability to correct deviations  Impact of hand tremors

Relatively low (requires experienced surgeon

guidance)

Supported (visual feedback adjust-  Supported (robotic arm auto—sync adjustment)

Dependency on marker stability

SGE: static guided endodontics; DGE: dynamic guided endodontics

4 BFAEARB IR AiEE

T PR 52 PRz J b B AR BOR B9 1 A
26 %08 B AR IR, X T AN R] 52 2R A R A 491 e AR
PSR B BEAR LA o % T AR R ] 5 A 751 45 44 1]
B A 191, AT BE e A A0 R N T R T L A
G HARA A BLESME O, ol DUR Bh 2h 25 T
SFHEIG T B T RHLAS AR AT A B X
TG, IR W M2 RF MR FE I 8 %
ik ) 45 4 B AR iR ) 4 R R R R O i R
A LA S M) P 2 S AR 2 R X SO A S AR, 28
JEAE TR AR P A5 B A AU 5| S 85E
P T ARBLAS N BEAT ST R o TR It 23
R A B B0, I RS S BB IR T T, R
ity 825 T 1 HE WA S 5 R ) LR ZH LA 1R L L i O
SRR R A AN 2 80 T AR T RCR o 3 Fp
FORHR A EMS IR AT R 22 e 92 1 T4 2%
(A R JT 58 B T BB LB BB T ART KR
BERO FHEMAZ LR, EINBHER ST
o Y B ZR IR A 2 BRI, LLSE T B2 A B 1
FHFNERAE

5 REERE

Zi b RS A AUEOR A AR T RS A
A AR ML 38 0 R R TR B 2 I R A 2, B
AR AT R . AHARORAT A T B 2 W IR IR
S PRI AT FEPE S PR AR A R 25 . BT 1k
BEARMW RS R A BT R L E AR 25 S0
KB R ARERAE WA, ARAT B G B 09 AS W & Je
563, BT A AR S SR O B 2 2 TT R

TH R R ORG M BE I Ak HE Bl 1 I ORS U R T R I
(AW

[ Author contributions] Xu SY conceptualized and wrote the article.
Di JY and Qu JW collected the references and revised the article. He L
conceptualized and reviewed the article. All authors read and approved

the final manuscript as submitted.

53 30k

[1]  Tang Y, Xu K, Chen Y, et al. Evaluating the efficacy of endodontic
microsurgery for teeth with an undeveloped root apex and periapi-
cal periodontitis after nonsurgical treatment failure[J]. BMC Oral
Health, 2023, 23(1): 414. doi: 10.1186/s12903-023-03117-5.

[2] Baruwa AO, Martins JNR, Pires MD, et al. Management of apico-
marginal defects with endodontic microsurgery and guided tissue
regeneration: a report of thirteen cases|J]. J Endod, 2023, 49(9):
1207-1215. doi: 10.1016/j.joen.2023.07.009.

[3] Um M, Johnson B, Fayad M. Buccal plate thickness as a predictor
for endodontic microsurgery outcomes: a retrospective cohort study
[JI. Oral Surg Oral Med Oral Pathol Oral Radiol, 2023, 135(3):
324-332. doi: 10.1016/j.0000.2022.07.005.

[4] Han B, Wang Y, Zheng C, et al. Evaluation of a dynamic naviga-
tion system for endodontic microsurgery: study protocol for a ran-
domised controlled trial[J]. BMJ Open, 2022, 12(12): e064901.
doi: 10.1136/bmjopen-2022-064901.

[5] Smith BG, Pratt AM, Anderson JA, et al. Targeted endodontic mi-
crosurgery: implications of the greater palatine artery[J]. J Endod,
2021, 47(1): 19-27. doi: 10.1016/j.joen.2020.10.005.

[6] Yoo YJ, Cho EB, Perinpanayagam H, et al. Endodontic microsur-
gery outcomes over 10 years and associated prognostic factors: a
retrospective cohort study[J]. J Endod, 2024, 50(7): 934-943. doi:
10.1016/j.joen.2024.04.009.

[7] Lai PT, Wu SL, Huang CY, et al. A retrospective cohort study on
outcome and interactions among prognostic factors of endodontic
microsurgery[J]. ] Formos Med Assoc, 2022, 121(11): 2220-2226.
doi: 10.1016/}.jfma.2022.04.005.



MR & s B g

2026 E1 A #3455 F1#

102 +  Journal of Prevention and Treatment for Stomatological Diseases, Jan. 2026,Vol.34 No.l http://www.kqjbfz.com
[8] Zubizarreta-Macho A, Castillo-Amature C, Montiel-Company JM, [21] Benjamin G, Ather A, Bueno MR, et al. Preserving the neurovascu-
et al. Efficacy of computer-aided static navigation technique on lar bundle in targeted endodontic microsurgery: a case series[J]. J
the accuracy of endodontic microsurgery. a systematic review and Endod, 2021, 47(3): 509-519. doi: 10.1016/}.joen.2020.10.008.
meta-analysis[J]. J Clin Med, 2021, 10(2): 313. doi: 10.3390/ [22] Bardales-Alcocer J, Ramirez-Salomén M, Vega-Lizama E, et al.
jem10020313. Endodontic retreatment using dynamic navigation: a case report[J].
[9]  Zhao D, Xie W, Li T, et al. New-designed 3D printed surgical J  Endod, 2021, 47(6): 1007-1013. doi:  10.1016/j.
guide promotes the accuracy of endodontic microsurgery: a study joen.2021.03.005.
of 14 upper anterior teeth[J]. Sci Rep, 2023, 13(1): 15512. doi: [23] Wang XY, Liu L, Guan MS, et al. The accuracy and learning curve
10.1038/s41598-023-42767-x. of active and passive dynamic navigation-guided dental implant
[10] Fonseca Tavares WL, de Oliveira Murta Pedrosa N, Moreira RA, surgery: an in vitro study[J]. J Dent, 2022, 124: 104240. doi:
et al. Limitations and management of static-guided endodontics 10.1016/j.jdent.2022.104240.
failure[J]. J Endod, 2022, 48(2): 273-279. doi: 10.1016/]. [24] Helm PA, Eckel TS. Accuracy of registration methods in frameless
joen.2021.11.004. stereotaxis[J]. Comput Aided Surg, 1998, 3(2): 51-56. doi:
[11] Lu YJ, Chiu LH, Tsai LY, et al. Dynamic navigation optimizes 10.1002/(SICI)1097-0150(1998)3:2<51::AID-1GS1>3.0.CO;2-J.
endodontic microsurgery in an anatomically challenging arealJ]. J [25] WangZ, Chen C, Qin L, et al. Accuracy and efficiency of endodon-
Dent Sei, 2022, 17(1): 580-582. doi: 10.1016/}.jds.2021.07.002. tic microsurgery assisted by dynamic navigation based on two dif-
[12]  Liu SM, Peng L, Zhao Y], et al. Influence of deviation tolerances ferent registration methods: an in vitro studyl[J]. J Endod, 2023, 49
on the positioning accuracy using computer aided dynamic naviga- (9): 1199-1206. doi: 10.1016/j.joen.2023.06.012.
tion in endodontic surgery: a proof-of-concept|J]. Head Face Med, [26] Zhu J, Sun W, Li L, et al. Accuracy and patient-centered results of
2025, 21(1): 27. doi: 10.1186/513005-025-00506-9. marker-based and marker-free registrations for dynamic computer-
[13] Aldahmash SA, Price JB, Mostoufi B, et al. Real-time 3-dimen- assisted implant surgery: a randomized controlled trial[J]. Clin
sional dynamic navigation system in endodontic microsurgery: a Oral Implants Res, 2024, 35(1): 101-113. doi: 10.1111/clr.14201.
cadaver study[J]. J Endod, 2022, 48(7): 922-929. doi: 10.1016/]. [27] Gambarini G, Galli M, Stefanelli LV, et al. Endodontic microsur-
joen.2022.04.012. gery using dynamic navigation system: a case report[J]. J Endod,
[14]  Jain S, Sayed ME, Ibraheem WI, et al. Accuracy comparison be- 2019, 45(11): 1397-1402.€6. doi: 10.1016/j.joen.2019.07.010.
tween robot-assisted dental implant placement and static/dynamic [28] Dianat O, Gupta S, Price JB, et al. Guided endodontic access in a
computer-assisted implant surgery: a systematic review and meta- maxillary molar using a dynamic navigation system[J]. J Endod,
analysis of in vitro studies[J]. Medicina(Kaunas), 2023, 60(1): 11. 2021, 47(4): 658-662. doi: 10.1016/j.joen.2020.09.019.
doi: 10.3390/medicina60010011. [29] Liu C, Liu X, Wang X, et al. Endodontic microsurgery with an au-
[15] Isufi A, Hsu TY, Chogle S. Robot-assisted and haptic-guided end- tonomous robotic system: a clinical report[J]. ] Endod, 2024, 50
odontic surgery: a case report[J]. J Endod, 2024, 50(4): 533-539. (6): 859-864. doi: 10.1016/j.joen.2024.02.005.
el. doi: 10.1016/j.joen.2024.01.012. [30] Wang W, Li X, Yao C, et al. Robotic dental implant placement
[16] Zechin J, Mautone EP, Perottoni CA, et al. Optimization of cone workflow for edentulous jaws[J]. J Prosthet Dent, 2025, 134(5):
beam computed tomography protocols to detect the second mesio- 1398-1403. doi: 10.1016/j.prosdent.2024.04.030.
buccal canal in the presence of artifacts|J]. J Endod, 2025,51(6): [31] Pinsky HM, Champleboux G, Sarment DP. Periapical surgery
707-714. doi: 10.1016/j.joen.2025.03.002. using CAD/CAM guidance: preclinical results[J]. J Endod, 2007,
[17] Wang Z, Guo X, Chen C, et al. Effect of field of view and voxel 33(2): 148-151. doi: 10.1016/j.joen.2006.10.005.
size on CBCT-based accuracy of dynamic navigation in endodontic [32] Connert T, Zehnder MS, Weiger R, et al. Microguided endodon-
microsurgery: an in vitro study[J]. J Endod, 2023, 49(8): 1012- tics: accuracy of a miniaturized technique for apically extended ac-
1019. doi: 10.1016/j.joen.2023.05.018. cess cavity preparation in anterior teeth[J]. J Endod, 2017, 43(5):
(18] WA, FSCUE, Mhmi i, &5 . B b 0 N R BoR & AR 787-790. doi: 10.1016/j.joen.2016.12.016.
B IR b5 1R, 2024, 32(8): 569-577. doi: 10.12016/j.issn.2096- [33] Strbac GD, Schnappauf A, Giannis K, et al. Guided modern end-
1456.2024.08.001. odontic surgery: a novel approach for guided osteotomy and root re-
You J, Yan W], Lin LT, et al. Expert consensus on digital intraoral section[J]. J Endod, 2017, 43(3): 496-501. doi: 10.1016/j.
scanning technology[J]. J Prev Treat Stomatol Dis, 2024, 32(8): joen.2016.11.001.
569-577. doi: 10.12016/}.issn.2096-1456.2024.08.001. [34] Giacomino CM, Ray JJ, Wealleans JA. Targeted endodontic micro-
[19] Oliveira GS, Baez JMD, Gomes GM, et al. Comparison of scanning surgery: a novel approach to anatomically challenging scenarios
depth in widened root canals: an analysis of three intraoral scan- using 3-dimensional-printed guides and trephine burs-a report of
ners and two scanning techniques[J]. J Prosthet Dent, 2025, 133 3 cases[J]. J Endod, 2018, 44(4): 671-677. doi: 10.1016/j.
(5): 1342.e1-1342.e6. doi: 10.1016/j.prosdent.2025.01.037. joen.2017.12.019.
[20] Leontiev W, Connert T, Weiger R, et al. Guided endodontics: [35] Isoda Y, Imamura E, Ueno D, et al. Use of a trephine bur and cu-

three-dimensional planning and template-aided preparation of end-

odontic access cavities[J]. ] Vis Exp, 2022. doi: 10.3791/63781.

rette for minimally invasive harvesting of particulate cancellous

bone and marrow from the iliac crest: a case of alveolar ridge re-



MR & s B g

2026 E1 A #3455 F1#

Journal of Prevention and Treatment for Stomatological Diseases, Jan. 2026,Vol.34 No.1

http://www .kqjbfz.com  + 103 -

[36]

(37]

[38]

[39]

[40]

[41]

[43]

[44]

[45]

[46]

[47]

construction[J]. Int J Implant Dent, 2016, 2(1): 1. doi: 10.1186/
540729-015-0033-z.

Nagy E, Frater M, Antal M. Guided modern endodontic microsur-
gery by use of a trephine bur[J]. Orv Hetil, 2020, 161(30): 1260-
1265. doi: 10.1556/650.2020.31778.

Popowicz W, Palatynska-Ulatowska A, Kohli MR. Targeted end-
odontic microsurgery: computed tomography-based guided stent
approach with platelet-rich fibrin graft: a report of 2 cases[J]. J
Endod, 2019, 45(12): 1535-1542. doi: 10.1016/j.joen.2019.08.012.
Westbrook K, Rollor C, Aldahmash SA, et al. Comparison of a
novel static computer-aided surgical and freehand techniques for
osteotomy and root-end resection[J]. J Endod, 2023, 49(5): 528-
535.el. doi: 10.1016/j.joen.2023.02.008.

Ha SW, Choi SM, Kim S, et al. Accuracy of 3-dimensional surgical
guide for endodontic microsurgery with a new design concept: a ca-
daver study[J]. Int Endod J, 2025, 58(2): 295-304. doi: 10.1111/
iej.14161.

Tang W, Jiang H. Comparison of static and dynamic navigation in
root end resection performed by experienced and inexperienced
operators: an in vitro study[J]. J Endod, 2023, 49(3): 294-300. doi:
10.1016/j.joen.2022.11.016.

Chen CK, Yuh DY, Huang RY, et al. Accuracy of implant place-
ment with a navigation system, a laboratory guide, and freehand
drilling[J]. Int J Oral Maxillofac Implants, 2018, 33(6): 1213-
1218. doi: 10.11607/jomi.6585.

Fu W, Chen C, Bian Z, et al. Endodontic microsurgery of posterior
teeth with the assistance of dynamic navigation technology: a re-
port of three cases[J]. J Endod, 2022, 48(7): 943-950. doi:
10.1016/j.joen.2022.03.010.

Dianat O, Nosrat A, Mostoufi B, et al. Accuracy and efficiency of
guided root-end resection using a dynamic navigation system: a
human cadaver study[J]. Int Endod J, 2021, 54(5): 793-801. doi:
10.1111/iej.13466.

Liu SM, Peng L, Zhao Y], et al. Accuracy and efficiency of dy-
namic navigated root-end resection in endodontic surgery: a pilot
in vitro study[J]. BMC Oral Health, 2024, 24(1): 582. doi: 10.1186/
512903-024-04306-6.

W/, £, s, 55 . AL B R AR TR 1y A s Al
WEFTII. hae 1 s S 2% 2%k, 2022, 57(1): 44-51. doi: 10.3760/
cma.j.cn112144-20210928-00443.

Chen C, Wang FS, Zhang R, et al. An in vitro model study of
computer-guided endodontic microsurgery[J]. Chin J Stomatol,
2022, 57(1): 44-51. doi: 10.3760/cma. j. ¢cn112144-20210928-
00443.

Li X, Huang L, Li S, et al. Endodontic microsurgery with the aid of
dynamic navigation system using minimally invasive incision ap-
proach in anatomically complex scenarios: a case series[]J]. J
Endod, 2024, 50(12): 1777-1783. doi: 10.1016/j.joen.2024.10.001.
Li Y, Inamochi Y, Wang Z, et al. Clinical application of robots in
dentistry: a scoping review[J]. J Prosthodont Res, 2024, 68(2): 193-
205. doi: 10.2186/jpr.JPR_D_23_00027.

Yang T, Yi W, Xu W, et al. Evaluation of accuracy and membrane

perforation in robotic-assisted implant surgery for transalveolar

[501]

[53]

[54]

[56]

[57]

[58]

[59]

sinus floor elevation: a retrospective case series[J]. BMC Oral
Health, 2025, 25(1): 474. doi: 10.1186/s12903-025-05848-z.

Li Z, Xie R, Bai S, et al. Implant placement with an autonomous
dental implant robot: a clinical report[J]. J Prosthet Dent, 2025,
133(2): 340-345. doi: 10.1016/j.prosdent.2023.02.014.

Sun M, Yue C, Stuhr S, et al. Autonomous dental implant robotic
system utilization for implant placement and transcrestal sinus el-
evation using osseodensification: a case report[J]. Int J Periodon-
tics Restorative Dent, 2024, 44(6): 697-707. doi: 10.11607/
prd.6832.

Jia S, Wang G, Zhao Y, et al. Accuracy of an autonomous dental
implant robotic system versus static guide-assisted implant sur-
gery: a retrospective clinical study[J]. J Prosthet Dent, 2025, 133
(3): 771-779. doi: 10.1016/j.prosdent.2023.04.027.

Xu Z, Xiao Y, Zhou L, et al. Accuracy and efficiency of robotic
dental implant surgery with different human-robot interactions: an
in wvitro study[J]. J Dent, 2023, 137: 104642. doi: 10.1016/;.
jdent.2023.104642.

Yue G, Huang W, Weng B, et al. Axial and tilted implant surgical
technique assisted by an autonomous dental implant robot: a clini-
cal report[J]. J Prosthet Dent, 2025, 134(5): 1404-1409. doi:
10.1016/j.prosdent.2024.03.046.

Li P, Guan J, Chen J, et al. Trephination-based autonomous ro-
botic surgery for dental implant placement: a proof of concept[J]. J
Dent, 2024, 148: 105090. doi: 10.1016/j.jdent.2024.105090.

Fu M, Zhao S, Zhou X, et al. Removal of a fractured file beyond
the apical foramen using robot-assisted endodontic microsurgery: a
clinical report[J]. BMC Oral Health, 2025, 25(1): 8. doi: 10.1186/
$12903-024-05329-9.

SR, XSO, ZEWTR, A FE T ARPLE A B BRI T A
KB BIRIAL B TE (D). 5 0K 28 B 5F 8 0 2% 4 kL 2024, 34(2): 80-
83. doi: 10.15956/j.cnki.chin.j.conserv.dent.2024.02.004.

Su H, Zhao WB, Li XR, et al. A preliminary research on the accu-
racy of oral surgery robot-assisted endodontic microsurgery[J].
Chin J Conserv Dent, 2024, 34(2): 80-83. doi: 10.15956/j. cnki.
chin.j.conserv.dent.2024.02.004.

I, B SCIE, 2RI, 45 . R T ARHL G G0 B B AR AR TR
PR R T AR I ] ) A SN RELIE SR (D). TP AR O R 2 2
i, 2024, 59(8): 816-822. doi: 10.3760/cma. j. cnl12144-
20240127-00038.

Su H, Zhao WB, Li XR, et al. An in vitro model study of the accu-
racy and operation time of oral surgery robot-assisted endodontic
microsurgery[J]. Chin J Stomatol, 2024, 59(8): 816-822. doi: 10.
3760/cma.j.cn112144-20240127-00038.

Chen C, Qin L, Zhang R, et al. Comparison of accuracy and opera-
tion time in robotic, dynamic, and static-assisted endodontic mi-
crosurgery: an in vitro study[J]. J Endod, 2024, 50(10): 1448-1454.
doi: 10.1016/}.joen.2024.05.018.

Chen Q, Shen J. An esthetic flap design for surgical endodontics
in the anterior zone[J]. J Esthet Restor Dent, 2025, 37(2): 326-
330. doi: 10.1111/jerd.13287.

Nagy E, Braunitzer G, Gryschka DG, et al. Accuracy of digitally

planned, guided apicoectomy with a conventional trephine and a



104 -

MR & s B g

2026 E1 A #3455 F1#

Journal of Prevention and Treatment for Stomatological Diseases, Jan. 2026,Vol.34 No.1

http://www.kqjbfz.com

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[72]

custom-made endodontic trephine: an in vitro comparative study
[J]. J Stomatol Oral Maxillofac Surg, 2022, 123(4): 388-394. doi:
10.1016/j.jormas.2021.09.014.

Yoo YJ, Perinpanayagam H, Kim M, et al. Stress distribution on
trephine-resected root-end in targeted endodontic microsurgery: a
finite element analysis[J]. J Endod, 2022, 48(12): 1517-1525.¢1.
doi: 10.1016/j.joen.2022.10.005.

Martinho FC, Aldahmash SA, Cahill TY, et al. Comparison of the
accuracy and efficiency of a 3-dimensional dynamic navigation
system for osteotomy and root-end resection performed by novice
and experienced endodontists[J]. J Endod, 2022, 48(10): 1327-
1333.el. doi: 10.1016/j.joen.2022.07.001.

Maia LM, Janior GM, Silva NRFA, et al. Minimally invasive
guided endodontic microsurgery with Zekrya bur: a 48-month
follow-up case report[J]. Aust Endod J, 2024, 50(3): 687-692. doi:
10.1111/aej.12884.

Martinho FC, Stroeters NH, Bisi BG, et al. Integration of an ultra-
sonic device into dynamic navigation system for a fully guided dy-
namic endodontic microsurgery workflow: an in witro studylJ]. J
Endod, 2025, 51(6): 761-767. doi: 10.1016/j.joen.2025.02.013.
Villa-Machado PA, Restrepo-Restrepo FA, Tobon-Arroyave SI.
Dynamically guided transantral piezoelectric endodontic microsur-
gery: a case report with technical considerations[J]. Int Endod J,
2024, 57(4): 490-500. doi: 10.1111/iej.14026.

Chen C, Zhang R, Zhang W, et al. Analysis of the accuracy of a dy-
namic navigation system in endodontic microsurgery: a prospec-
tive case series study[J]. J Dent, 2023, 134: 104534. doi: 10.1016/
j.jdent.2023.104534.

Buniag AG, Pratt AM, Ray JJ. Targeted endodontic microsurgery:
a retrospective outcomes assessment of 24 cases[J]. J Endod,
2021, 47(5): 762-769. doi: 10.1016/j.joen.2021.01.007.

FLHE, S, B, 43D STENAR AR UI R T A A A B e
PR R P A ()], 52 1M 2 2 4, 2021, 37(6): 739-
742. doi: 10.3969/}.issn.1001-3733.2021.06.002.

Wang AQ, Wu L, Zhao D, et al. Evaluation and case analysis of
3D printing apicoectomy guide plate[J]. J Pract Stomatol, 2021, 37
(6): 739-742. doi: 10.3969/j.issn.1001-3733.2021.06.002.

Qin L, Chen C, Zhang R, et al. Evaluation of a novel drilling ap-
proach for dynamic navigation-aided endodontic microsurgery: a
surgical simulation comparison study[J]. J Endod, 2024, 50(7):
989-996. doi: 10.1016/j.joen.2024.03.010.

Chen C, Zhang R, Qin L, et al. Patient-centered outcome assess-
ment of static and dynamic navigation-aided endodontic microsur-
gery: a randomized controlled trial[J]. J Endod, 2025, 51(6): 666-
673. doi: 10.1016/j.joen.2025.03.005.

Wu J, Shui Y, Xie C, et al. Effect of fabrication methods and num-
ber of supporting teeth on the surface accuracy and dimensional
stability of implant surgical guides[J]. J Prosthet Dent, 2025, 133
(2): 530.1-530.€9. doi: 10.1016/j.prosdent.2024.10.031.

Martinho FC, Griffin IL, Price JB, et al. Augmented reality and 3-

dimensional dynamic navigation system integration for osteotomy

[74]

[75]

[76]

[77]

[78]

[80]

and root-end resection[J]. J Endod, 2023, 49(10): 1362-1368. doi:
10.1016/j.joen.2023.07.007.
Martinho FC, Rollor C, Westbrook K, et al. A cadaver-based com-
parison of sleeve-guided implant-drill and dynamic navigation os-
teotomy and root-end resections[J]. J Endod, 2023, 49(8): 1004-
1011. doi: 10.1016/j.joen.2023.05.015.
Chen C, Zhang R, Zhang W, et al. Clinical and radiological out-
comes of dynamic navigation in endodontic microsurgery: a pro-
spective study[J]. Clin Oral Investig, 2023, 27(9): 5317-5329. doi:
10.1007/s00784-023-05152-6.
Mekhdieva E, Del Fabbro M, Alovisi M, et al. Dynamic navigation
system vs. Free-hand approach in microsurgical and non-surgical
endodontics: a systematic review and meta-analysis of experimen-
tal studies[J]. J Clin Med, 2023, 12(18): 5845. doi: 10.3390/
jem12185845.
Villa-Machado PA, Casas-Garzén S, Gonzalez-Gomez V, et al. As-
sessment of operator performance during dynamically guided oste-
otomy and root-end resection in endodontic microsurgery: a cross-
sectional in vitro study[J]. J Dent, 2025, 153: 105494. doi:
10.1016/j.jdent.2024.105494.
Liu SM, Peng L, Zhao Y], et al. The learning curve of a dynamic
navigation system used in endodontic apical surgery[J]. J Dent Sci,
2024, 19(4): 2247-2255. doi: 10.1016/.jds.2024.02.016.
Chen J, Bai X, Ding Y, et al. Comparison the accuracy of a novel
implant robot surgery and dynamic navigation system in dental im-
plant surgery: an in vitro pilot study[J]. BMC Oral Health, 2023, 23
(1): 179. doi: 10.1186/s12903-023-02873-8.
Chen W, Al-Taezi K, Chu CH, et al. Accuracy of dental implant
placement with a robotic system in partially edentulous patients: a
prospective, single-arm clinical trial[J]. Clin Oral Implants Res,
2023, 34(7): 707-718. doi: 10.1111/clr.14083.
Chen D, Chen J, Wu X, et al. Prediction of primary stability via
the force feedback of an autonomous dental implant robot[J]. J
Prosthet Dent, 2024, 132(6): 1299-1308. doi: 10.1016/j. pros-
dent.2023.11.008.
Liu C, Wang X, Liu Y, et al. Comparing the accuracy and treat-
ment time of a robotic and dynamic navigation system in osteotomy
and root-end resection: an in vitro study[J]. Int Endod J, 2025, 58
(3): 529-540. doi: 10.1111/iej.14178.

(fiE A

Open Access

This article is licensed under a Creative Commons
Attribution 4.0 International License.
Copyright © 2025 by Editorial Department of Journal of

Prevention and Treatment for Stomatological Diseases




