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Flapless dental implant surgery enabled by haptic robotic
guidance: A case report
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This case report presents the use of haptic robotic technology in one patient with six
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Email: drali@malidds.com after 6 months. All implants were placed using a flapless technique, with one

goal of individual single implant supported crowns to be placed over each implant

immediate implant placement after extraction. All implants were placed with a
high degree of accuracy relative to the pre-operative plan as determined by post-
op CBCT analysis with an average angular deviation of 2.58° and positional devia-
tions at the coronal and apical aspects of the implant around 1 mm (0.93 and
1.06 mm, respectively). Total surgical time of less than 2 h. Haptic robotics physi-
cally guides the location, orientation, and depth of the tools during both drilling
and implantation and thus allows for accurate placement as well as the intra-
operative flexibility to change the plan as necessary while providing excellent
visualization and irrigation. This robotic technology provides a treatment that
focuses on accuracy and safety providing the best chance at excellent surgical

outcomes for the patient.
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Summary Box

What is known?

e Accuracy in dental implant placement is important to avoid injury to critical anatomic structures,
optimize bony purchase and maximize implant and prosthetic longevity. Flapless implant surgery
is clinically advantageous as it results in in less bone loss, lower patient pain and less analgesics

usage, reduced surgical time, shorter recovery time and lower rates of infection.

What this study adds?

e This study shows that the use of robotics to plan and execute implant placement ensures
accuracy by haptically guiding the location, orientation, and depth of the endpiece while also
enabling flapless procedures by providing intra-operative plan flexibility, adequate visualiza-
tion and sufficient irrigation. Haptic robotics provides this with both an effective workflow

and efficient surgical times.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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Implant-supported prosthodontic reconstructions are generally
successful procedures.’? Accuracy in dental implant placement
may be critical to implant and prosthetic longevity as well as
patient functionality and satisfaction.>~> The immediate impor-
tance of accuracy is to avoid injury to critical anatomical structures
such as nerves and vessels and to prevent alveolar bone perfora-
tion.® Further, accuracy is required to avoid final implant positions
that are too close to natural teeth or too close to each other if mul-
tiple implants are placed.® Violating these boundaries can lead to
bone resorption and ultimate implant failure.” While exact safety
zone distances have been difficult to quantify as even small devia-
tions can be devastating in the case of nerve or vessel injury, all
efforts should be taken to ensure precise execution of the preop-
erative plan.8? In the posterior quadrants, it has been shown that
the implant sizes and their planned locations should allow for
1.5 mm of mesial-distal space between the shoulder of each
implant and the neighboring tooth and 3 mm between adjacent
implants.’® In more complicated cases involving multiple implants,
the ability to precisely execute a three-dimensional pre-operative
plan is exceptionally critical. In addition, flapless implant surgery is
advantageous whenever possible as it has proven to result in
less bone loss, lower patient pain and less analgesics usage,
reduced surgical time, shorter recovery time and lower rates of
infection.'1"1” Haptic robotic surgery, which physically guides the
location, orientation and depth of the end effector tool during
both drilling and implant placement, has recently been shown

to provide safe and accurate placement of implants as well as

Monitor

Planning Station

provide other intraoperative advantages over other techniques
(Figure 1).18% This case presents a single patient receiving 11
implants, all flapless with one extraction and immediate placement,
placed under haptic robotic guidance in all four posterior quad-

rants during the same treatment session.

1 | CASEREPORT

A 61-year-old female presented at Implants Pro Center, San Francisco
with a history of wearing upper and lower partial dentures in all four
posterior quadrants. The patient was not satisfied functionally or psy-
chologically with removable partial dentures on the upper and lower
arches and desired a solution closer to natural dentition. Implant sup-
ported prosthodontic reconstruction was chosen as a treatment
option that included 1 extraction with placement of 11 implants, 6 in
the maxilla and 5 in the mandible. The surgeon originally planned to
divide the surgery into stages, however the surgeon's recent experi-
ence with haptic robotic technology as well as peer-reviewed evi-
dence suggested an efficient 11 implant case could be
completed.?®21 As precision is always a priority with implants to cre-
ate the best opportunity for a lifetime solution and even more critical
with multiple implants, haptic robotics was chosen as the implantation
method to execute the plan.'®*2° On the day of surgery, tooth
mounted splints specific to the robotics procedure were affixed to the
remaining teeth of the anterior maxilla and anterior mandible using

Ufi Gel Hard C (Voco, Germany) leaving one tooth accessible in each
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FIGURE 1 Yomi robotic system
consisting of robotic arm, patient tracker
arm, monitor and planning station.
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jaw for landmark verification (Figure 2). The splint serves two consec-
utive purposes, allowing fiducials to be attached for a CBCT scan to
create the preoperative plan linked to the intra-operative three-
dimensional space as well as the attachment of the patient tracker
arm creating a physical connection of the robot to the patient. The
total time to place both splints was 22 min. The first step is obtaining
another CBCT scan with fiducial arrays containing radiopaque spheres
mounted to each splint and merged with the previously created virtual
plan. All scans were taken with NewTom VGi EVO and a 0.3 mm voxel

size. A three-dimensional plan was created from the scan for each of

the 11 implants that avoids critical structures and optimizes the avail-
able bone (Figures 3 and 4). The scanning and planning required a
total of 29 min. The fiducial arrays were then removed from the
splints. The passive patient tracker robotic arm was then affixed to
the maxillary splint, allowing the surgical robot (Yomi, Neocis Inc.) to
track the motion of the patient. This step in the process allows the
patient to move, even during the actual drilling and implant placement,
while the three-dimensional haptic boundaries defined by the plan
also move with and follow the patient just as a static guide attached

to the patient also moves with the patient movement. This flexible,

FIGURE 2 Tooth mounted splint. The far right panel shows splints on both the mandible and maxilla with the patient tracker arm attached to

the mandibular splint.

FIGURE 3 Virtual three-dimensional plan of multiple implant placement in the maxilla.

FIGURE 4 Virtual three-dimensional plan of multiple implant placement in the mandible.
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dynamic physical connection to the robot allows a natural workflow
as the patient does not need to be immobilized nor is there a need for
infrared cameras that require uninterrupted line of sight. Following all
osteotomies and implantations in the maxilla, the patient tracker
robotic arm was affixed to the mandibular splint. Intraoperatively, the
surgeon maneuvered a handpiece attached to the robotic guidance
arm (different from the passive patient tracker arm), osteotomies were
created with a haptically constrained handpiece, and the implants
were also placed with three-dimensional haptic constraints according
to the virtual plan. These haptic constraints provide physical three-
dimensional boundaries along the axis of the planned osteotomy or
implantation while the user operates the handpiece. The robot does
not drill or implant automatically, but instead responds to the position
and orientation of the handpiece to guide the tool along the planned
trajectory at the planned location and to the planned depth. In other
words, the haptic boundaries constrain both the osteotomy and the
implant placement location, angulation and depth. The patient tracker
arm allows the patient to move while the haptic boundaries dynami-
cally track the patient motion.

The patient received local anesthesia (16 mL lidocaine HCl 2%)
and intravenous sedation (8 mg midazolam, 150 mcg fentanyl, 25 mg
ketamine, 10 mg dexamethasone, 2000 mg ampicillin, 500 mL DX5 IV
solution). Tooth number 5 was extracted due to decay, root fracture,
and radicular radiolucency. It was determined the patient had ade-
guate or augmentable attached gingiva along with bone volume and
density sufficient for flapless dental implant placement for the remain-
ing 10 sites. The surgeon began with the six maxillary implants. All
implants were IBS MagiCore brand. The IBS MagiCore (South Korea)
implant system is designed for the minimally invasive flapless
approach. The same bur which performs the osteotomy performs the
tissue punch at the same time. The osteotomy begins with a
2000 rpm cutting bur, which prepares bone in a way similar to tre-
phine burs—rather than milling the bone, as occurs with conventional
implant drills. Burring avoids microfractures in the surrounding bone

around the implant osteotomies that can happen with milling.

TABLE 1 Chronological description of each implant size and final

depth.
Location Implant size Depth
#5 4 x 11 mm 11 mm
#4 4 x 11 mm 11 mm
#3 6 x 11 mm 7.8 mm
#12 4 x 11 mm 8.6 mm
#13 4 x 11 mm 9.5 mm
#14 6 x 11 mm 9 mm
#21 4 x 11 mm 11 mm
#20 4 x 11 mm 11 mm
#19 5 x 11 mm 10.5 mm
#29 4 x 11 mm 10.5 mm
#30 5 x 11 mm 8.5 mm

Additional drilling with a 2000 rpm end-cutting bur removes any
remaining bone at the distal end of the osteotomy. Final fine prepara-
tion was performed with 20 rpm burs similar to bone-tapping burs to
provide room for the fin-shaped threads of the implant. The osteot-
omy in the extraction socket at site #5 was prepared with robotic
guidance and followed by flapless preparation of sites #4 and #3. All
three implants were then placed with the robotic arm guiding the ori-
entation, location, and depth. Implant #3 reached depth before
torque-out at 50 N-cm and hand torqued to finish. With high torque
values, the seating is sometimes completed with a hand torque
wrench. At this point, the surgeon placed a platelet-rich fibrin (PRF)
plug on the buccal of the implant in the extraction socket of tooth #5.
The PRF was placed to aid in soft tissue healing and to enhance bone
formation in the extraction socket. The surgeon then placed horizon-
tal mattress sutures to approximate the gums and extraction socket,
as well as keep the PRF plug stabilized in the socket. The surgeon pro-
ceeded to the upper right quadrant of the patient's mouth, drilling at
sites #12 and #13. The surgeon then decided to make an adjustment
to the plan for implant #13, angling the apical aspect more palatal and
moving the implant bodily in the palatal direction to get the screw-
retained implant in the center of the occlusion for that planned crown.
The surgeon continued to complete the drilling protocol at sites #12,
#13, and #14 flaplessly. The maxillary case was completed in 1h,
14 min. The surgeon then removed the maxillary splint in less than
1 min and continued with the five mandibular implants. The surgeon
began flapless drilling at sites #21, #20, and #19 in sequence. The sur-
geon then proceeded with flapless drilling at sites #29 and #30. The
mandibular splint was then removed in less than 2 min. The total man-
dibular case was completed in 44 min. Table 1 shows the specifics of
each implant.

A post-op CBCT scan was taken (Figure 5) which allows the mea-
surement of implant accuracy using a standardized three-dimensional
voxel-based registration of superimposed images of the implant plan
with the postoperative CBCT using isosurface matching of localized
regions with an iterative closest point algorithm.*?? The software
used to calculate implant placement accuracy has been previously val-
idated and published.'® The International Team for Implantology (ITI)
has issued a standardized consensus report to allow fair comparisons
across studies. The difference between the planned and actual loca-
tion of each implant was measured and reported according to
previous literature.?®>?* Accuracy data is reported in terms of global
angular deviation in degrees (a), which is the three-dimensional angle
between the central axis of the planned and the placed implants and
the signed depth deviation in mm (sd), which is the difference in the
coronal depth of the planned and the placed implants along the long
axis of the planned implant, with negative indicating the actual place-
ment is deeper than on the plan. In addition, the global coronal devia-
tion (c) and global apical deviation (a), both in mm, are reported. These
two metrics represent the three-dimensional distances between the
coronal and apical centers of the planned and actual implant positions.
Table 2 shows the implant deviations for this case. There was no sta-
tistical difference between the implant deviations in the maxilla and
mandible (p > 0.05).
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FIGURE 5

TABLE 2 Descriptive statistics of implant deviations between the
planned and achieved implant positions.

Angular Global Global
Signed coronal deviation, coronal, apical,

depth, sd (mm) «(°) c(mm) a(mm)

Mean 0.03 2.58 0.93 1.06
Standard deviation 0.71 2.23 0.48 0.53
Sample size (n) 11 11 11 11

Max 1.87 6.53 2.00 2.00
Min -1.02 0.00 0.30 0.30
Upper 95% ClI 0.45 3.90 1.21 1.37
Lower 95% CI -0.39 1.26 0.65 0.75

2 | DISCUSSION

Progress in both imaging and robotics technology has brought dental
implant surgery into a new and exciting space that can provide signifi-
cant value to both the patient and the surgeon. In this case,
11 implants were placed under haptic robotic guidance to provisiona-
lize 4 transitional PFM posterior bridges. These bridges are to be
replaced with individual single implant-borne crowns after 6 months.
All 11 implants were placed with a flapless approach, including one
extraction and immediate placement. The flapless approach has been
shown to provide significant benefits to the patient such as less bone

loss, preservation of blood supply, reduced surgical time, shorter

Final placement of implants (A) panoramic radiographic view and (B) three-dimensional reconstructions.

recovery time, less pain and lower rates of infection.'?"” The
reported limitations of flapless procedures such as lack of visualiza-

1626 are alleviated

tion?® and risk of damage to anatomic structures
using robotics due to the advanced three-dimensional visualization
and planning combined with the accurate execution of the plan
intra-operatively. While well-manufactured static surgical guides can
provide some of these benefits such as advanced visualization and
planning as well as accurate execution,?” haptic robotics provides the
additional advantage of allowing intra-operative plan adjustments and
complete visualization. In the presented case, implant #13 required
intra-operative adjustments of the pre-operative plan to ensure the
screw-retained crown ended up in the center of the occlusion. This
type of adjustment would not be possible using static guides. Addi-
tionally, all 11 implants were placed in the posterior quadrants, where
visualization and access can be an issue with stacked static guides and
the associated extended drill lengths. Haptic robotic guidance utilizes
standard drills as the end effector tools while allowing full visualiza-
tion and normal irrigation. Within the limitations of a single case, the
placement accuracy for these 11 implants shows robotic guidance as
accurate as published reports on static guidance.?2287%° The angular
deviations using haptic robotic guidance averaged 2.58° and the
deviations at the crown and apex of the implant were around 1 mm.
This is as good as published results for static three-dimensional
printed guides (5.26°, 1.20 mm and 1.4 mm, respectively)* and
dynamic computer navigated guidance (3.43°, 1.31 mm and 1.52 mm,

).31

respectively All advanced technologies are more accurate than

freehand placement of implants (6.50°, 1.78 mm and 2.27 mm).>*
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The total surgical time the robot was engaged with the patient
was 118 min—74 min for the maxillary case and 44 min for the man-
dibular case. This is very reasonable in comparison to published data
on dental implant surgical times. In one study, Schneider and col-
leagues reported the median time required a single implant place-
ment was 64 min with two-dimensional planning and manual
placement, 77 min for three-dimensional computer-assisted implant
planning with stereolithography based guided placement, 82 min
for three-dimensional computer-assisted implant planning with
three-dimensional printing based guided placement.3? This case pre-
sents a haptic robotic technique for an 11-implant, flapless proce-
dure. The limitations of these data originate from the fact that this is
a single case report. The accuracy results of this single case are in
line with data from a multi patient series of robotically guided
implants using the same technology published by Bolding and Ree-
bye (although also a small series: 38 implants in 5 patients).*® Larger,
prospective studies are required to validate these accuracy results
across different patient populations and different implant systems.
Furthermore, randomized comparative studies are required to differ-
entiate features (accuracy, learning curve, efficiency, cost, etc.) of
different guided modalities. Finally, definitive longitudinal studies
are necessary to identify the link between increased accuracy and
clinical outcomes such as patient satisfaction, prosthetic reconstruc-
tion, and implant longevity. Limitations of the technology include
the logistics of the intra-operative workflow. While visibility and irri-
gation are superior to the use of static guides as the there is no
hardware covering the surgical site, some improvements could be
made in the pose and geometry of the robotic arm to provide even
better visibility. These improvements could also address any issues
with potential conflict between the haptic robotic arm guiding the
tools and the passive patient tracker arm attached to the splint. The
potential uses for haptic robotic guidance in dental surgery include
applications where the accuracy of manipulating and shaping bony
structures is important as well as proving the opportunity to perform
these procedures less invasively. A procedure such as alveoplasty to
accurately shape and recontour bone is an excellent use of haptic
robotics to precisely guide the tool to preplanned, three-dimensional
geometries. Similarly, the accuracy required to optimize space in the
maxilla during a sinus lift seems an ideal procedure to use haptic
robotic guidance.

In the fairly complex multi-implant case presented here, the use
of haptic robotics ensures accuracy, which is critical for creating a life-
time solution while also providing intra-operative flexibility, adequate
visualization and irrigation and an efficient workflow with a surgical
time under 2 h for all four quadrants. In the author's experience, when
a treatment plan is presented for a complicated multiple-implant plan,
robotics helps increase confidence and acceptance of the plan with
the patient. Robotics also increases the confidence and comfort level
intra-operatively for the surgeon.
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REFERENCES

1. Pjetursson BE, Bragger U, Lang NP, Zwahlen M. Comparison of sur-
vival and complication rates of tooth-supported fixed dental prosthe-
ses (FDPs) and implant-supported FDPs and single crowns (SCs). Clin
Oral Implants Res. 2007;18(Suppl 3):97-113. doi:10.1111/j.1600-
0501.2007.01439.x

2. Luo Z, Zeng R, Luo Z, Chen Z. Single implants in the esthetic zone:
analysis of recent peri-implant soft tissue alterations and patient satis-
faction. A photographic study. Int J Oral Makxillofac Implants. 2011;
26(3):578-586.

3. Vieira DM, Sotto-Maior BS, Barros CAVS, Reis ES, Francischone CE.
Clinical accuracy of flapless computer-guided surgery for implant
placement in edentulous arches. Int J Oral Maxillofac Implants. 2013;
28(5):1347-1351. doi:10.11607/jomi.3156

4. Schneider D, Marquardt P, Zwahlen M, Jung RE. A systematic review
on the accuracy and the clinical outcome of computer-guided
template-based implant dentistry. Clin Oral Implants Res. 2009;20-
(Suppl 4):73-86. doi:10.1111/j.1600-0501.2009.01788.x

5. Bramanti E, Cervino G, Lauritano F, et al. FEM and Von Mises analysis on
prosthetic crowns structural elements: evaluation of different applied
materials. Sci World J. 2017;2017:1029574. doi:10.1155/2017/1029574

6. Yoon WJ, Kim SG, Jeong MA, Oh JS, You JS. Prognosis and evaluation
of tooth damage caused by implant fixtures. J Korean Assoc Oral Max-
illofac Surg. 2013;39(3):144-147. doi:10.5125/jkaoms.2013.39.3.144

7. Danza M, Zollino |, Avantaggiato A, Lucchese A, Carinci F. Distance
between implants has a potential impact of crestal bone resorption.
Saudi Dent J. 2011;23(3):129-133. doi:10.1016/j.sdentj.2011.02.002

8. Misch CE, Resnik R. Mandibular nerve neurosensory impairment after
dental implant surgery: management and protocol. Implant Dent.
2010;19(5):378-386. doi:10.1097/1D.0b013e3181effa92

9. Shavit |, Juodzbalys G. Inferior alveolar nerve injuries following
implant placement - importance of early diagnosis and treatment: a
systematic review. J Oral Makxillofac Res. 2014;5(4):e2. doi:10.5037/
jomr.2014.5402

10. Jivraj S, Chee W. Treatment planning of implants in posterior quad-
rants. Br Dent J. 2006;201:13-23. doi:10.1038/sj.bdj.4813766

11. Divakar TK, Gidean Arularasan S, Baskaran M, Packiaraj |,
Dhineksh KN. Clinical evaluation of placement of implant by flapless
technique over conventional flap technique. J Maxillofac Oral Surg.
2020;19(1):74-84. doi:10.1007/512663-019-01218-9

12. Brodala N. Flapless surgery and its effect on dental implant outcomes.
Int J Oral Makxillofac Implants. 2009;24(Suppl):118-125.

13. Kim JI, Choi BH, Li J, Xuan F, Jeong SM. Blood vessels of the peri-
implant mucosa: a comparison between flap and flapless procedures.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2009;107(4):508-
512. doi:10.1016/j.tripleo.2008.08.003

14. Belser UC, Schmid B, Higginbottom F, Buser D. Outcome analysis
of implant restorations located in the anterior maxilla: a review of
the recent literature. Int J Oral Maxillofac Implants. 2004;19-
(Suppl):30-42.

15. Becker W, Goldstein M, Becker BE, Sennerby L. Minimally invasive
flapless implant surgery: a prospective multicenter study. Clin Implant
Dent Relat Res. 2005;7(Suppl 1):521-S27. doi:10.1111/j.1708-8208.
2005.tb00071.x

16. Campelo LD, Camara JRD. Flapless implant surgery: a 10-year clinical
retrospective analysis. Int J Oral Maxillofac Implants. 2002;17(2):271-276.

17. Fortin T, Bosson JL, Isidori M, Blanchet E. Effect of flapless surgery
on pain experienced in implant placement using an image-guided sys-
tem. Int J Oral Maxillofac Implants. 2006;21(2):298-304.

18. Bolding SL, Reebye UN. Accuracy of haptic robotic guidance of dental
implant surgery for completely edentulous arches. J Prosthet Dent.
2021;128:639-647. doi:10.1016/j.prosdent.2020.12.048

19. Mozer PS. Accuracy and deviation analysis of static and robotic
guided implant surgery: a case study. Int J Oral Makxillofac Implants.
2020;35(5):€86-€90. doi:10.11607/jomi.8231

85U017 SUOWILWIOD BAITE.D) 3|cedldde ayy Aq peusenob afe sajoile YO 8Sn JO Sa|nJ Jo} A%eiq1T8UlJUO AB|IA UO (SUORIPUOD-PUE-SWLYWO A 1M ARe.d 1 [euluo//SdnL) SUORIPUOD Pue Swie 1 8y} 89S " [7202/50/20] Uo Ariqiauliuo A8|IM ‘6.2ZET PIO/TTTT OT/I0p/L0o A8 |1 ARelq1jeuljuo//sdny woly pepeoumod ‘Z ‘¥20z ‘802880LT


info:doi/10.1111/j.1600-0501.2007.01439.x
info:doi/10.1111/j.1600-0501.2007.01439.x
info:doi/10.11607/jomi.3156
info:doi/10.1111/j.1600-0501.2009.01788.x
info:doi/10.1155/2017/1029574
info:doi/10.5125/jkaoms.2013.39.3.144
info:doi/10.1016/j.sdentj.2011.02.002
info:doi/10.1097/ID.0b013e3181effa92
info:doi/10.5037/jomr.2014.5402
info:doi/10.5037/jomr.2014.5402
info:doi/10.1038/sj.bdj.4813766
info:doi/10.1007/s12663-019-01218-9
info:doi/10.1016/j.tripleo.2008.08.003
info:doi/10.1111/j.1708-8208.2005.tb00071.x
info:doi/10.1111/j.1708-8208.2005.tb00071.x
info:doi/10.1016/j.prosdent.2020.12.048
info:doi/10.11607/jomi.8231

ALl

WILEY_L 27

20.

21.

22.

23.

24,

25.

26.

27.

Rawal S, Tillery DE, Brewer P. Robotic-assisted prosthetically driven
planning and immediate placement of a dental implant. Compend
Contin Educ Dent. 2020;41(1):26-30. quiz 31.

Ahmad P, Alam MK, Aldajani A, et al. Dental robotics: a disruptive
technology. Sensors. 2021;21(10):3308. doi:10.3390/s21103308
Tahmaseb A, Wu V, Wismeijer D, Coucke W, Evans C. The accuracy
of static computer-aided implant surgery: a systematic review and
meta-analysis. Clin Oral Implants Res. 2018;29(Suppl 16):416-435.
doi:10.1111/clr.13346

Block MS, Emery RW, Lank K, Ryan J. Implant placement accuracy
using dynamic navigation. Int J Oral Maxillofac Implants. 2017;32(1):
92-99. doi:10.11607/jomi.5004

Lin CC, Ishikawa M, Huang BH, et al. In vitro accuracy of static guided
implant surgery measured by optical scan: examining the impact of
operator experience. Appl Sci. 2020;10(8):2718. doi:10.3390/
app10082718

Romero-Ruiz MM, Mosquera-Perez R, Gutierrez-Perez JL, Torres-
Lagares D. Flapless implant surgery: a review of the literature and
3 case reports. J Clin Exp Dent. 2015;7(1):e146-e152. doi:10.4317/
jced.51985

Di Giacomo GA, da Silva JV, da Silva AM, Paschoal GH, Cury PR,
Szarf G. Accuracy and complications of computer-designed selective
laser sintering surgical guides for flapless dental implant placement
and immediate definitive prosthesis installation. J Periodontol. 2012;
83(4):410-419. doi:10.1902/jop.2011.110115

Mediavilla Guzman A, Riad Deglow E, Zubizarreta-Macho A, Agustin-
Panadero R, Herndndez MS. Accuracy of computer-aided dynamic
navigation compared to computer-aided static navigation for dental
implant placement: an in vitro study. J Clin Med. 2019;8(12):2123.
doi:10.3390/jcm8122123

28. Cassetta M, Altieri F, Giansanti M, Bellardini M, Brandetti G, Piccoli L.
Is there a learning curve in static computer-assisted implant surgery?
A prospective clinical study. Int J Oral Maxillofac Surg. 2020;49(10):
1335-1342. doi:10.1016/j.ijom.2020.03.007

29. D'haese J, Van De Velde T, Elaut L, De Bruyn H. A prospective study
on the accuracy of mucosally supported stereolithographic surgical
guides in fully edentulous maxillae. Clin Implant Dent Relat Res. 2012;
14(2):293-303. doi:10.1111/j.1708-8208.2009.00255.x

30. Vercruyssen M, Cox C, Coucke W, Naert |, Jacobs R, Quirynen M. A ran-
domized clinical trial comparing guided implant surgery (bone- or
mucosa-supported) with mental navigation or the use of a pilot-drill tem-
plate. J Clin Periodontol. 2014;41(7):717-723. doi:10.1111/jcpe.12231

31. Block MS, Emery RW, Cullum DR, Sheikh A. Implant placement is
more accurate using dynamic navigation. J Oral Makxillofac Surg off J
Am Assoc Oral Maxillofac Surg. 2017;75(7):1377-1386. doi:10.1016/j.
joms.2017.02.026

32. Schneider D, Sancho-Puchades M, Schober F, Thoma D,
Hammerle C, Jung R. A randomized controlled clinical trial com-
paring conventional and computer-assisted implant planning and
placement in partially edentulous patients. Part 3: time and cost
analyses. Int J Periodontics Restorative Dent. 2019;39(3):e71-e82.
doi:10.11607/prd.4146

How to cite this article: Ali M. Flapless dental implant surgery
enabled by haptic robotic guidance: A case report. Clin Implant
Dent Relat Res. 2024;26(2):251-257. doi:10.1111/cid.13279

85U017 SUOWILWIOD BAITE.D) 3|cedldde ayy Aq peusenob afe sajoile YO 8Sn JO Sa|nJ Jo} A%eiq1T8UlJUO AB|IA UO (SUORIPUOD-PUE-SWLYWO A 1M ARe.d 1 [euluo//SdnL) SUORIPUOD Pue Swie 1 8y} 89S " [7202/50/20] Uo Ariqiauliuo A8|IM ‘6.2ZET PIO/TTTT OT/I0p/L0o A8 |1 ARelq1jeuljuo//sdny woly pepeoumod ‘Z ‘¥20z ‘802880LT


info:doi/10.3390/s21103308
info:doi/10.1111/clr.13346
info:doi/10.11607/jomi.5004
info:doi/10.3390/app10082718
info:doi/10.3390/app10082718
info:doi/10.4317/jced.51985
info:doi/10.4317/jced.51985
info:doi/10.1902/jop.2011.110115
info:doi/10.3390/jcm8122123
info:doi/10.1016/j.ijom.2020.03.007
info:doi/10.1111/j.1708-8208.2009.00255.x
info:doi/10.1111/jcpe.12231
info:doi/10.1016/j.joms.2017.02.026
info:doi/10.1016/j.joms.2017.02.026
info:doi/10.11607/prd.4146
info:doi/10.1111/cid.13279

	Flapless dental implant surgery enabled by haptic robotic guidance: A case report
	1  CASE REPORT
	2  DISCUSSION
	DATA AVAILABILITY STATEMENT

	REFERENCES


