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Implant surgery with robotic guidance – 
Digital workflows for patient care

Dental implant therapy has made progress toward 
a truly digital workflow via cone beam comput-
ed tomography (CBCT) imaging and fabricated 

physical guides.1,2 The latest development, how-
ever, toward an ultimately digital implant therapy 
workflow is robotic assistance. Robotic assistance 
has spread across many medical surgical disciplines 
with strong evidence for its utility in augmenting 
and enhancing surgical capabilities.3-5 The first 
FDA-cleared robotic device for dental surgery, 
Yomi (Neocis, Inc.), is commercially available and 
in clinical use in the United States.

With Yomi-Enabled Surgery (“YES”), the procedure 
is planned virtually on the patient’s CBCT scan based 
on restorative goals, similar to other digitally-driven 
procedures. In contrast to such procedures, Yomi also 
offers novel assistance in the form of robotic guidance 
called haptics. Haptic guidance provides directional and 
proportional feedback forces to the surgeon, which the 
surgeon experiences via Yomi’s robotic guidance arm 
that prevents deviation from the virtual plan. Notably, 
the robotic guidance arm does not move until a force 
is applied by the surgeon. Unlike with a static guide, 
the digital nature of the plan and guidance enables the 
surgeon to modify the planned implant position at any 
time. The surgeon fully controls initiating and pausing 
drilling and can modify the plan at any time or go into 
a completely freehand operation.

This article introduces “YES” for dental implant 
therapy, including two case reports from early clini-
cal experience of a board-certified oral and maxillo-
facial surgeon at the Center for Oral Reconstruction 
& Education, a full-scope oral and maxillofacial 
surgery private practice in Orange, California, 
USA. These case studies demonstrate the ability of 
Yomi-Enabled Surgery to achieve highly accurate 
implant placement and suggest an important future 
role in private practice oral surgery.

ROBOTIC WORKFLOW

At the Center for Oral Reconstruction & Educa-
tion, the following Yomi procedural workflow has 
been established, melding the manufacturer’s train-

ing protocols with the center’s mission for providing 
exceptional patient care. The Yomi surgical plan 
may be designed in advance or on the same day as 
the implant placement procedure. Yomi Plan, an in-
tegrated planning software, accepts DICOM files 
from CBCT scanners as well as STL files from in-
traoral scanners, to allow for prosthetically-driven 
treatment planning. In preparation for the surgical 
procedure, an intraoral splint is affixed to patient 
dentition contralateral to the surgical site (Fig. 1). 
This splint provides a fixed location from which the 
patient DICOM file is first registered to the Yomi 
system and then tracked intraoperatively. An array 
of materials may be used to line the splint for me-
chanical retention; bisacryl was used in the cases 
reported here. A fiducial array is magnetically at-
tached to the intraoral splint and a DICOM image 
is obtained of metal beads embedded on the fiducial 
array and of the surgical area (Fig. 2).

Intraoperatively, the Yomi system extends lateral-
ly over the patient. A patient tracking arm connects 
to the intraoral splint, monitoring patient motion 
(Fig. 3). If the patient moves during the surgical 
procedure, the system responds to maintain the ac-
curacy of the drill placement. To confirm system 
accuracy prior to the procedure, a landmark point 
on the virtual plan is verified by placing the drill tip 
on the chosen anatomical landmark.

Osteotomy preparation and implant placement may 
then proceed with Yomi guidance (Fig. 4). Haptic 
guidance is delivered via the robotic guidance arm that 
holds and stabilizes the implant handpiece. As the user 
moves the drill toward the site of surgery, the robotic 
guidance arm permits the motion; as the user moves 
the drill away from the site of surgery, the robotic 
guidance arm resists. When the planned angulation, 
location, and depth are achieved, the robotic guidance 
arm retains (“locks”) the handpiece on plan, prevent-
ing unplanned deviation from the desired angulation, 
location, or depth. On the monitor, the positions of 
the handpiece and patient 3D image are updated in 
real time to provide additional visual navigation and 
visual confirmation as needed (Fig. 5).
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At the end of the robotic portion of the 
case, the patient tracker arm is removed. 
The intraoral splint may be removed via 
gentle rocking or by cutting through the 
bridges in the seam overlaying a con-
trast-colored splint insert. At this point, 
a postoperative CBCT scan may be ob-
tained as desired.

For the cases in this report, analy-
sis was performed to assess deviation 
between the preoperative plan and the 
implant location on the CBCT, using 
methodologies outlined by the 2018 ITI 
Consensus Reports Working Group.2

CASE STUDIES

The following Yomi case studies are ex-
amples of early clinical experience at the 
Center for Oral Reconstruction & Edu-

cation, a full-scope oral and maxillofa-
cial surgery private practice in Orange, 
California, USA.
 
CASE STUDY 1: IMMEDIATE IMPLANT PLACE- 
MENT FOLLOWING MOLAR EXTRACTION

This case study reports immediate im-
plant placement following extraction for 
a 65-year-old male patient who presented 
complaining of a fractured symptomatic 
molar. Clinical and radiographic evalua-
tion revealed that the crown of endodon-
tically-treated tooth #19 had fractured, 
leaving non-restorable decayed root tips. 
Inflamed gingival biotype was also not-
ed. Furcation bone loss was observed but 
adequate thickness for implant place-
ment was noted between the molar roots.

When restoring the posterior mandi-

ble, the desired drill angulation (e.g., to 
ensure placement at a safe distance from 
the inferior alveolar nerve) may be diffi-
cult to maintain because of challenging 
access and limited visibility.6 Howev-
er, surgical guides with the longer drill 
channels necessary to reduce angle devi-
ations may further restrict access to the 
surgical site.7,8 Additionally, immedi-
ate implant placement into a molar ex-
traction socket is generally recognized as 
a more complex procedure in comparison 
with implant placement in a healed ridge 
of adequate bone quality.9,10 Due to these 
known challenges, robotic guidance was 
recommended for the surgical extraction 
of tooth #19 with ridge preservation in 
order potentially to enable immediate 
implant placement. The patient was  

1. Intraoral splint contralateral to the surgical site.  2. Fiducial array attached to 
intraoral splint for the CBCT scan.  3. Robotic patient tracking arm connected to 
the intraoral splint to monitor patient motion.  4. Haptic guidance delivered via 
the robotic guidance arm that holds the implant handpiece.  5. Real-time positions 
of patient and handpiece and the patient are updated on a monitor for additional 
visual navigation and visual confirmation as needed
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advised that the site would be evaluated 
after extraction and that implant place-
ment might need to be delayed.

The Yomi intraoral splint was at-
tached and a DICOM image obtained 
as described above. A 4.8x8 mm im-
plant (Straumann Bone Level RC) was 
planned at the site of broken tooth #19 
(Fig. 6). The surgeon planned for implant 
placement in the bony furcation between 
the mesial and distal roots.9 The inferi-

or alveolar nerve was identified and de-
termined to be a safe distance from the 
apex of the implant. Low bone density 
and probable crestal bone loss were not-
ed at the buccal and lingual aspect of the 
planned implant location1, highlighted in 
red on the virtual implant. Bone grafting 
was therefore planned for this location.

The patient was placed under IV deep 
sedation and local anesthesia was admin-
istered to the surgical area. A sulcular 

incision was made around the fractured 
tooth and a mucoperiosteal f lap was 
elevated minimally. Bone quality was 
probed and determined to be type II.11 
Prior to extraction, the implant site was 
prepared with Yomi robotic guidance. 
The 2.0, 2.2, 2.8, and 3.5 mm diameter 
drill series progressed in the prescribed 
fashion through the remainder of bro-
ken tooth with the drills at slow speed 
and copious irrigation. The root tips 

6. Implant planned at the site of fractured molar in the furcation between the mesial and distal roots; crestal bone loss (red) at the buccal and lingual  
aspect of the planned implant location.  7. Postop CBCT scan confirming implant placement to plan; analysis confirmed sub-millimetric deviation.   
8. Three months postoperatively, gingival tissues were pink and healthy.  9. Three months postoperatively, implant appeared clinically and radiographically 
ready to restore.

6

7

9

CASE STUDY 1

8

PRODUCT PROFILE



PRODUCT PROFILE

oralhealthgroup.com |  4

were then extracted and removed from 
the osteotomy and the site was curetted 
free of granulation tissue. The 4.2 x 22 
mm bit was then drilled and the dental 
implant was rotated into place with good 
stability, torque value >35 N-cm. A 6.5 
x 4 mm healing abutment was placed 
and an allograft (Puros, Zimmer) was 
placed in the socket surrounding the im-
plant to improve ridge contour and cover 
the exposed threads. The tissues were 

adjusted and reapproximated with 4-0 
chromic gut. A low-resolution postop-
erative CBCT scan was taken, showing 
the implant was placed according to plan 
in the extraction socket (Fig. 7). In sub-
sequent quantitative analysis, deviation 
from plan was confirmed to be sub-mil-
limetric at both the apex and crest of the 
implant. Three months postoperatively, 
gingival tissues were pink and healthy 
(Fig. 8), and the implant appeared to be 

clinically and radiographically ready to 
restore (Fig. 9).

CASE STUDY 2: ROBOTIC GUIDANCE  
TO SINUS FLOOR FOR MODIFIED  
SUMMER’S SINUS LIFT

The patient was a 42-year-old female 
who had initially presented with an 
endodontically-failed tooth #14 and 
a palatal root visible in the maxillary 
left sinus (Fig. 10). The tooth had been 

10. Endodontically-failed tooth #14 with palatal root visible in maxillary left sinus.  11. Red coloring on a planned 8 mm 
implant indicated likelihood of protrusion into the sinus cavity (pink).  12. For robotic guidance to the sinus floor,  
a 6 mm osteotomy was planned in Yomi Plan software.  13. Post-op CBCT showing final implant position and grafted 
bone in sinus floor.  14. Examination at 10 weeks follow-up revealed excellent soft-tissue healing.
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deemed non-restorable due to recurrent 
decay. The tooth had been extract-
ed and ridge preservation performed  
using an allograft. After the site healed 
for five months, while adequate gin-
gival biotype was present, the CBCT 
scan revealed adequate bone width but 
inadequate bone height in the area of 
#14. To build the height necessary for 
implant placement, a modified sinus 
augmentation via Summer’s technique 
was planned for the left maxillary sinus. 
While the Summer’s sinus f loor eleva-
tion technique with osteotome may be 
more straight-forward and less invasive 
than access through the lateral wall of 
the sinus, sinus membrane rupture is 
a concern with this technique.12,13 To 
reduce the risk of membrane rupture, 
Yomi-Enabled Surgery was employed to 
provide robotic guidance precisely to the 
sinus f loor.

Yomi case preparation proceeded as 
outlined above. In the Yomi Plan soft-
ware, a 4.1 x 8 mm implant (Straumann 
BL RC, Straumann) was planned at 
first molar #14 (Fig. 11). A deep red 
color was observed on the apex of the 
virtual implant, corresponding to very 
low CBCT voxel values surrounding the 
virtual implant in that area and indicat-
ing that an 8 mm implant thus would be 
in the sinus cavity.

In order to guide the drill tips precisely 
to the floor of the sinus, the virtual plan 
was modified for a 6 mm osteotomy (Fig. 
12). The surgeon then planned to gen-
tly elevate the sinus floor, place the bone 
graft, and then place the 8 mm implant 
with the superior 2 mm in the new-
ly-grafted sinus.

Intraoperatively, a tissue punch was 
used to remove a plug of tissue at the crest 
of the ridge at the surgical site. The bone 
quality was II.11 Using robotic guidance, 
the implant site was prepared using 2.0, 
2.2, 2.8, and 3.5 mm diameter drills per 
the manufacturer’s protocol with copi-
ous irrigation. Robotic guidance pro-
vided depth control, halting osteotomy 
preparation at the planned depth of 6 
mm at the sinus f loor. Osteotomes were 
then introduced, progressing up in size 

while gently elevating the sinus f loor. A 
xenograft (Bio-Oss, Geistlich) and al-
lograft (Puros, Zimmer) were placed in 
the site and manually tapped superiorly 
with osteotomes. A dental implant (BL 
RC 4.1 x 8 mm, Straumann) was then 
rotated into place with robotic guidance 
to a depth of 6mm, then hand torqued 
the last 2 mm for a final depth of 8 mm. 
Implant stability was confirmed with a 
torque value measured at 35 N-cm. A 
5 mm x 4 mm healing abutment was 
placed. Analysis of postoperative CBCT 
images with respect to the preoperative 
virtual plan revealed implant placement 
that was within 1 mm of the planned 
location at both the implant crest and 
apex (Fig. 13). Restoration was planned 
for four months postoperative with tem-
porization of implant #14 to develop the 
gingival architecture. Examination at 
10 weeks follow-up revealed excellent 
soft-tissue healing (Fig. 14).

DISCUSSION

In the specific cases outlined in this 
report, Yomi robotic guidance assist-
ed with implant placement imme-
diately after molar extraction and in 
conjunction with a modified Sum-
mer’s sinus lift, obtaining accuracies 
in line with those reported for surgical 
guides.2 While printed surgical guides 
are commonly used to help secure im-
plant placement, Yomi’s fully digital 
workf low provides intraoperative con-
veniences that include direct visual-
ization of the surgical site, access for 
instrumentation and irrigation, the 
ability to readily perform same-day 
guided surgery, and the f lexibility to 
adjust the plan intraoperatively and 
continue with the procedure with guid-
ance. Additionally, a key step of each 
Yomi procedure is verification of end-
to-end system accuracy through align-
ment of an anatomical landmark with 
a virtual landmark. This verification is 
not readily available with printed sur-
gical guides. Therefore, Yomi’s haptic 
robotic guidance may provide the sur-
geon with practice efficiencies relative 
to fabricated surgical guides while sup-

porting precise implant placement.
As noted in the first case, Yomi hap-

tic guidance helped obtain accurate im-
plant placement into the bony furcation 
of an extraction socket with irregular 
topography. Maintaining the desired 
angulation in posterior edentulous sites 
can be difficult when operating free-
hand due to limited access, and the 
bulk of printed surgical guides can be 
an impediment to site access, whereas 
Yomi demonstrated the capability to 
provide digitally-guided access to the 
planned site and maintain the implant 
placement on plan. In the second case, 
Yomi guidance helped to realize the 
benefits of the less invasive Summer’s 
sinus lift while mitigating the risk of 
membrane tear by providing real-time 
haptic guidance relative to the virtual 
plan. The Yomi robotic guidance pro-
vided depth control, halting osteotomy 
preparation at the sinus f loor, while 
allowing the surgical site to be directly 
visualized throughout the procedure.

CONCLUSIONS

Surgical robotics is no longer a future 
concept but rather a dynamic surgical 
field with thousands of medical robot-
ic systems in use worldwide. Moreover, 
surgical robotics is progressing to ad-
dress an increasingly diverse array of 
procedures and is now emerging in oral 
surgery. In medical literature, robotic 
assistance has been reported to enhance 
surgical precision, increase the quality 
of life of the surgeon through surgical 
endurance, and to support the surgeon 
with real-time guidance and warnings.3-5 
Yomi-Enabled Surgery brings surgical 
robotics into dental implant therapy with 
drill guidance to augment the precision 
of the surgeon’s unassisted hand. We see 
this guidance as valuable, for example, in 
arriving at the surgical areas where the 
inferior alveolar nerve or maxillary sinus 
is present, especially in difficult cases of 
atrophy. The greater vision is to intro-
duce predictable capabilities through ro-
botic assistance that are not consistently 
possible during a conventional surgery.

When considering implementing ro-
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botics in our surgical practice, we were 
cautious that introducing novel technolo-
gy should not induce undue uncertainties 
but rather make it easier to operate. When 
initially evaluating the technology, we 
perceived clinical value in the potential to 
perform proper dynamic planning with 
predictable outcomes. During our clinical 
experience, the capabilities of the robotic 
software augmented the expertise of the 
oral surgeon in planning and executing 
the case. This synergistic relationship al-
lowed for a comforting and transparent 

discussion with patients that enhanced 
their confidence in their care. We believe 
that surgical robotics, as an extension of 
the surgeon’s hand, will become the stan-
dard, rather than the exception, for surgi-
cal procedures with treatment for a wide 
range of conditions.

Advancement in dental implant ther-
apy is marked by an embrace of digital 
technology that has improved the oral 
health, oral function, and quality of life 
of patients. Robotic surgery has been 
associated with unprecedented techno-

logical growth across many medical spe-
cialties. We believe that as oral surgeons 
embrace robotic surgery, through case 
planning accuracy, surgical precision, 
surgeon comfort, patient safety, and 
transformed surgical techniques, we can 
enhance patient care in our field.  

Oral Health welcomes this original article.
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