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H
istorically in case planning for and performance of resto-
rations, practitioners used analog techniques, including 
impressions, caps, loose alginate models, duplicate clear 
dentures with cutouts, and observations in the operatory 
to create restorations using traditional approaches. These 

methods did not allow advance visualization of the end result—with 
the practitioner essentially guessing by figuring out steps along the 
way. Surgical approaches ranged from freehand to printed remote 
guides and guided surgery to navigational surgery.1

Different sizes and the challenges of complex cases required 
differing levels of foresight, treatment planning, and build-out 
before surgery. Cases requiring restorations over large “territory” 
could become confusing because visual references often were sac-
rificed or eliminated when progressing through a full-mouth ex-
traction and implant case. With only a limited treatment plan and 
surgical guidance protocol achievable through older technology, 
providers sometimes provided treatment based on limited knowl-

LEARNING OBJECTIVES

DISCLOSURE: The authors received an honorarium for their preparation and presentation of the webinar program on which this article is based.

• Compare guided surgery, 
navigational dental implant 
surgery, and robotic surgery.

• Explain to patients the speed 
and accuracy advantages of 
robotic surgery.

• Describe how to perform a 
full-arch robotic dental implant 
surgery.

edge, with many adjustments required on the spot.1

Because restorations often involve irreversible surgical proce-
dures, planning must be performed as conscientiously and success-
fully as possible. Robotic technology brings new advantages to 
assure that practitioner promises to patients are fulfilled and allow 
practitioners to leverage technology to its fullest.2-4

GUIDE USAGE: PREVIOUS “GOLD STANDARD” NOT SO GOLDEN
Guides are printed or milled plastic surgical templates that fit into 
the mouth; they can be simple, single-piece guides or stackable 
systems that reference existing teeth and build a platform crucial 
to implant and bone reduction procedures, and they can even ref-
erence the position of the temporaries for pickup and direct im-
mediate loading (Figure 1). However, although guides were pre-
viously considered the technological “gold standard” for dental 
implant surgery, they actually constitute a complex and cumber-
some means to an end, requiring a large amount of preparation, 

Full-Arch Robotic Dental Implant Surgery: 
Robotic Results from Virtual to Reality 

Scotty Bolding, DDS, MS, and Andrew Johnson, DDS, MDS, CDT

ABSTRACT
Robotics may be used for precision placement of dental implants, including full-arch restorations. Robotic systems use haptic technology and offer a 
seamless, completely digital workflow, from intraoral scan to cone-beam computed tomography to treatment planning and implant placement—all in 
as little as one day. Robotics offer extreme accuracy in planning the ideal location for placement of implants, crowns, or prostheses and help the practi-
tioner place them exactly. The technology offers a clear view of the surgical site with no visual or irrigation blockage. A real-time tracking arm attaches 
to the patient so the robot knows the exact location of the patient’s anatomy and can convey it to the practitioner. The efficient workflow of robotics also 
enhances the patient experience.
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parts, effort, and cost before surgery occurs.5-7 Multiple layers of 
potential error and inaccuracies that can occur with a guide include 
how well the data files are aligned, how well the design file is pro-
duced by the 3D printer, how well it is post-processed and cured, 
and how accurate it is in reality versus planning. Another problem 
is the potential difference between dental anatomy at the time of 
procedure versus when it was captured with the scan. Teeth often 
cannot be trusted as solid points of anchorage and indexing, partic-
ularly when compromised.8

Another potential problem is how well the guide has been con-
structed, including how well drill guide sleeves have been insert-
ed and bonded or glued into place. Guides may become distorted 
and break as pieces are fitted onto other pieces. Each element of a 
guide system has necessary “wiggle room” built into it to allow for 
stacking, but stacking the elements together compounds the wig-
gle room, such as when there is a tooth-borne vestibular pin guide 
and an implant guide on top of it is indicated. Guides may not fit 
together well out of the printer, or they may be too thin. Some-
times elements must be inserted at an awkward angle; a pin guide 
may break or pop out in the middle of surgery. Parts that are not 
supposed to move may do so anyway. Modality for error amplifies 
exponentially with level of complexity.7

Robotic technology, however, minimizes and even eliminates 
modality for errors associated with the standard of care by elimi-
nating steps and allowing the practitioner to implement the coor-
dinate data directly referenced to the patient anatomy, saving not 
only time and money but the risk of inaccurate surgery.2-4

Even in a generally straightforward dental implant scenario, 
such as a posterior dental implant or premolar with adequate bone, 
there can be challenges with static guides, such as unrecognizable 
anatomy on a 3D x-ray and questions about reliable surface data to 
overlay an intraoral or model scanner (Figure 2). The practitioner 
still must proceed with treatment planning and pick out guide 
sleeves; the guide sleeve position, and therefore the implant po-
sition, is only as accurate as the file merger from the beginning of 
the treatment plan. Often it is not accurate; there is a lot of “slop” 
built into the gateways to getting a guide manufactured. Practi-

tioners still must visually verify how well files are aligned.9

Practitioners must decide what kind of guide sleeve to use, 
and new ones must be purchased for every new guide, with no 
guarantee that the sleeves will even fit in the particular patient’s 
anatomy. Sometimes there are space constraints that limit what 
the practitioner can actually accomplish through guided surgery 
protocols. The practitioner may downsize the guide sleeve and 
then use an osteotomy drill in an unguided manner to enlarge 
the osteotomy so that an implant can be placed in the site. He or 
she may do also a pilot hole and finish the surgery by hand-eye 
coordination alone.9

Even if a guide is perfectly oriented, conceived, and produced, 
it is only as accurate as the initial file superimposition and may 
not account for all the compromises the practitioner will require, 
such as accomplishing procedures in human anatomy with enough 
room for an added 10 mm of drill shank length typical for a guided 
surgery drill kit. A robotic system mitigates the need for an extra 
link to the drills and limited access to accomplish posterior implant 
placement because it allows the practitioner to use a straight short 
shank surgical drill kit without a static guide.2-4

In the case of a two mandibular overdenture surgical plan, a bone 
fixation pin would be the means of stabilizing the guide through-
out the procedure. Much data are required to make sure that every 
bit of the physical object can be made from the digital file, with 
many printer supports so the guide can be produced layer by layer 
through the stereolithographic (STL) process. It comes out of the 
printer covered in excess resin that must be removed (Figure 3). The 
resin must be post-cured to achieve final rigidity. After post-curing, 
print supports must be clipped away, sometimes taking pieces of 
the guide away with them. Only then are the metal sleeves inserted 
and bonded into place (Figure 4); sometimes the sleeves protrude 
through the tissue-contacting surface guides, requiring grinding af-
ter the fact to assure a fit into the patient’s mouth.10

A variety of supplies and tools are required to deal with the 
potential and actual errors, and much time and cost is required to 
manage the 3D printing and post-processing. Robotic technology 
eliminates these as well.2-4

1 2

3 4

Fig 1. Surgical guides for implant surgery. Fig 2. Images for a posterior implant scenario. Fig 3. After a guide comes out of the printer, excess resin must be removed.
Fig 4. After post-curing, the print supports are clipped off, which may inadvertently include parts of the guide, and then metal sleeves are inserted and bonded into place.
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NAVIGATIONAL DENTAL IMPLANT SURGERY
Another technology is navigational dental implant surgery. It offers 
drilling precision and visual orientation that is better than standard 
freehand procedures.5,6 However, it requires not only hand-eye 
coordination for procedures in the mouth, but also coordination 
with the computer screen. Practitioners are required to look di-
rectly at the computer screen more than at the surgical field. The 
practitioner is forced to try to “target the bullseye,” with nothing 
physically guiding the hand other than his or her own dexterity.7

Practitioners need precision and accuracy, require procedures 
to be repeatable, and must know whether there will be similar er-
rors in a similar direction for a full-arch dental implant (Figure 5). 
Tying implants together as a system, as an arch form foundation 
or arch form of teeth, and then coming close to the bullseye is not 
good enough in connecting a whole arch form to the foundation. 
It is necessary to spend time doing a workup ahead of surgery in 
order to spend less time during surgery and to be systematically in 
control of any margin of error. Navigational dental implant surgery 
leaves too much to the eye and hand, disrupting the overall accu-
racy of the system.7

ROBOTIC TECHNOLOGY WORKFLOW
Robotic technology provides a confluence of concepts and attri-
butes that may be somewhat lacking when using static guides and 
navigational implant surgery; robotics offer complete visual and 
surgical access to a site and physical, haptic guidance in the prac-
titioner’s hands, allowing him or her to stay on plan.2-4 There is 
currently one FDA cleared robotic-assisted dental surgery system 
in the United States.11

Robotic technology may be used for simple and complex cases, 
including full-arch treatment. It allows a workflow similar to that 
of virtual surgical planning or planning for clear aligners; all the 
records are taken digitally, and the practitioner can create a digital 
design or outsource the planning to a digital design center. In either 
case, a digital review is indicated. The review will determine which 
items must be digitally fabricated, such as a provisional crown for 
an implant, a denture, a fixed prosthesis, or other applications, and 
will show where implants or restorations will be placed.2-4

The robust capabilities of robotic technology include versatile 
treatment planning software. Procedure planning can be done in 
advance on any PC available to the practitioner and the plan can be 
altered at any time, even during surgery if needed. The practitioner 
can build virtual versions of patients as they are in the present and 
then build virtual and multiple versions of them as they may be 
in the future; then these versions can easily be shown to patients 
through images on a screen. The technology can help patients 
understand the procedures and how they can be achieved; mean-
while, the practitioner is obtaining patients’ acceptance and trust.2-4

After the practitioner adjusts or approves the design, the infor-
mation is uploaded into the robot so it is fully ready for surgery, at 
which point it is registered to the patient anatomy through a splint 
and tracking arm. Robotic technology bridges the gap between just 
creating and inspecting a plan or creating a static guide and actual-
ly physically guiding the delivery of the care digitally.2-4

Robotic-assisted dental surgery combines the advantages of 
both the physical constraints of static guides and the flexibility 
of image-based dynamic navigation. Haptic technology allows the 
practitioner to move the robotic handpiece just as he or she would 
move a traditional handpiece, with the added benefit of physical 
feedback that provides extra guidance. Robotic assistance provides 

3D physical guidance of the dental surgical instruments during ex-
ecution of the digital plan in terms of the desired location, angula-
tion, and depth of the osteotomy. Surgery is performed through the 
robot, precisely as it was designed in the virtual world without stat-
ic guides. The practitioner gets a visual readout, with coordinate 
data input to the robot, without having to lift his or her eyes from 
the surgical field. Predicted results seen on-screen become reality. 
The use of robotics minimizes stack-up errors commonly found 
with static guides and while utilizing the practitioner’s familiarity 
with digital planning and surgical and restorative processes. Prac-
titioners build rapport with patients through delivering on promis-
es made, increasing patient confidence, and providing esthetically 
satisfying and functional restorations.2-4

Because of the precision and accuracy that robotics offers, it is 
growing in dentistry and is expected to expand to other areas, such 
as orthognathic and temporomandibular joint surgery, restorative 
dentistry functions such as crown preparations, and endodontics. 
Robotics may make practitioners technically better treatment plan-
ners, dentists, and surgeons, perhaps someday becoming the stan-
dard of care.2-4

CASE EXAMPLES
In the case of an edentulous patient, in the virtual surgical planning 
realm practitioners typically overlay computed tomography (CT) 
scans for treatment planning purposes and can do so in multiple 
software platforms (Figure 6). Robotic technology has the same 
capability to track radiopaque markers, such as gutta percha or 
global composite.12

The dots between the arches on a CT scan are reference points 
that are valuable in treatment planning to coordinate data and visu-
alize results to form a blueprint to use in laying the foundation and 
finding an anatomically correct location for implants (Figure 7). The 
result is a concerted plan that ends with good results in a predictable 
manner because the technology allows the practitioner to see every-
thing during planning and surgery. It is not complicated, can happen 
in the same day, does not involve a protracted treatment planning 

5

6

Fig 5. Practitioners must know whether there will be similar errors in a similar 
direction for a full-arch dental implant. Fig 6. Practitioners can overlay computed 
tomography (CT) scans for treatment planning in multiple software platforms.
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process, and affords the flexibility to make changes intraoperatively, 
allowing the practitioner to see where changes would impact not just 
the patient anatomy, but the prosthetic anatomy.3,4

In a more complicated case, often there are more complicat-
ed starting points. The patient shown in Figure 8 had bite posture 
problems, caries, periodontal disease, failing restorations and im-
plants, and a history of head-and-neck cancer. Such a patient may 
logically fear the unknowns of treatment, but with the treatment 
planning and rendering capabilities robotics provide, the practi-
tioner could determine exactly what the patient needed, convey the 
information to the patient, and deliver promised results.

In such a patient, there may be little or no dental topography or 
teeth with which to work. The CT scan shows only the bony struc-
ture, which is what the practitioner is concerned with regarding 
dental implants, but from a treatment plan standpoint, the practi-
tioner needs to visualize the way through and unwind the complex 
layers of such a puzzle. Robotics allow the practitioner to employ 
software on the front end and optimized for the robotic surgical ap-
proach in the middle, making the back-end treatment much easier. 
Scanning templates allow alignment of intraoral scans; the practi-
tioner can add that result with high fidelity back to a CT scan that 
may otherwise have been unusable (Figure 9). The practitioner 
also can add other layers, including facial images to start building 
an improved version of the patient smile. With the data put into 
the robotic system, the plan is validated with easier to use digital 
versions that replace older analog treatment planning procedures 
involving alginate, stone models, articulators, and wax-ups.1-4

With robotics, whether for a simple one-implant procedure or a 
complicated overdenture or fixed attachable restoration procedure, 
the steps are the same, starting with aligning data in the robotic 
software from a treatment plan standpoint. In a case lacking trust-
worthy teeth, for example, the practitioner can align separate STL 
files relative to a patient x-ray (Figure 10) and have a blueprint 
on the screen so that, when designing the implants foundation for 
yet-to-be-achieved teeth, he or she knows that they will line up.3,4

The practitioner can export virtually a line scan and overlay it 
with a digital surgical model of teeth relative to ideal teeth verified 
virtually in the patient’s face (Figure 11). The practitioner can es-
sentially have the “master cast” on the front end versus the back 
end, not needing to wait until he or she has inserted the implants 
and then be forced to make a bloody impression the day of surgery 

or have to bring the patient back a different day. The practitioner 
has the information in advance of surgery.3,4

A patient tracker arm attaches directly to the patient’s bony 
structure via surgical splint fitting deep down into the vestibular 
area. With threaded screws, it fixates more solidly than a surgical 
guide and is rigidly secured to the patient (Figure 12). This allows 
registration of the robot and the plan to the patient’s anatomy and 
enables the handpiece of the robotic system to help the practitioner 
deliver the osteotomy and eventually the implant, unobstructed by 
multiple layers of printed plastic and unimpeded for irrigation, vi-
sual access, and bone reduction.2-4

Considering that the phases of treatment are diagnostics, surgery, 
restoration, and maintenance: the robotic system’s diagnostics are 
superb, surgical standards are elevated, the restoration phase gets 
easier, and the maintenance phase is less complex and problem 
prone. With digital technology, all aspects are represented 3-di-
mensionally on the computer; therefore, practitioners can proceed 
far down the diagnostic treatment planning track before physically 
committing themselves or their patients to any part of the process, 
allowing more informed treatment and financial decisions.2-4

CASE PLANNING
In the preoperative phase, when the patient comes in for an ap-
pointment, removable teeth are cleared away, the oral cavity is 
scanned, and the face is databased through a high-resolution di-
agnostic video. Within 60 seconds, the practice can harvest out 
any still image needed to begin treatment planning, allowing the 
practitioner to perform pre-design work based on the data com-
piled in advance. When trying in what he or she has pre-designed, 
the practitioner can verify within seconds whether that design work 
is accurate. If it is not, he or she can make real-time changes. The 
practitioner can immediately remove bad teeth and replace them 
with good temporary teeth (Figure 13), getting both practitioner and 
patient fast-tracked to discussing implants and planning surgery. 

Going from virtual to reality, topographical landmarks on the bony 
surfaces are used as 3D blueprints for implant planning. Every bit of 
information needed is on the screen (Figure 14) and is verified, al-
lowing rendering of a surgical result with a degree of precision not 
possible with computer-based planning. Regardless of how compli-
cated the implant planning, the practitioner can concentrate on the oral 
cavity with the computer screen providing the reference points.2-4

7

8

Fig 7. The dots between 
the arches on a CT scan are 
reference points for treatment 
planning to help coordinate the 
data and visualize the results 
before laying the foundation. 
Fig 8. The patient had bite 
posture problems, caries, 
periodontal disease, failing 
restorations and implants, 
and a history of head-and-
neck cancer. Fig 9. Scanning 
templates allow alignment of 
intraoral scans.

9
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Robotic technology increasingly consolidates patient flow. With 
dental diagnostics becoming increasingly nonlocalized to dentistry 
through mobile CT scanning units and teledentistry, robotic technol-
ogy enables a practice to handle data easily, regardless of where they 
originate. In addition, with patients becoming savvier about robotic 
surgery through the media, they are predisposed to favor the practi-
tioner who uses the latest technology.13

The technology in robotics does not take over the treatment of 
patients. Instead, it allows the practitioner to concentrate more on 
diagnosis and treatment planning and to be precise and accurate 
with delivery of care.

CONCLUSION
Robotic technology in implant surgery offers enhanced digital diag-
nostics, treatment planning, surgery, restoration, and maintenance, 
with potential gains in speed and accuracy without adding any com-
plexity or extra steps compared with older analog technologies. It 
helps to provide patient confidence in the practitioner and reduces 
patient time spent in the office. It also “future-proofs” the practice 
by providing the technology to handle data from a wide variety of 
sources and with which patients are increasingly familiar.
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Full-Arch Robotic Dental Implant Surgery:  
Robotic Results from Virtual to Reality
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1. 	 Potential error and inaccuracies that can occur with a 
guide include:

	 A. how well the data files are aligned.
	 B. how well the design file is produced by the 3D 		

	 printer.
	 C. how well it is post-processed and cured.
	 D. all of the above

2. By allowing the practitioner to implement the coordi-
nate data directly referenced to the patient anatomy, 
robotic technology:

	 A. is less effective than surgical guides.
	 B. saves time and money and reduces the possibility 	

	 for error.
	 C. eliminates the need for a dental assistant to be 		

	 involved.
	 D. is preferred by insurance carriers over guide usage.

3. A robotic system mitigates:
	 A. the need for an extra link to the drills.
	 B. limited access to accomplish posterior implant 		

	 placement.
	 C. A and B
	 D. none of the above

4. Navigational dental implant surgery:
	 A. is not better than standard freehand procedures.
	 B. does not require hand-eye coordination for  

	 procedures in the mouth.
	 C. requires coordination with the computer screen.
	 D. does not require coordination with the computer 		

	 screen.

5. Haptic technology provides what advantage?
	 A. It provides the artificial intelligence that  

	 eliminates the need for the practitioner to move the 	
	 handpiece.

	 B. It allows the practitioner to move the robotic 		
	 handpiece as he or she would move a traditional 		
	 handpiece.

	 C. It can be mimicked through use of equipment  
	 al	ready standard in a dental office.

	 D. It can be used with less expensive guides and stents.

6. Robotic surgery is expected to expand to what other 
areas of dental surgery?

	 A. orthognathic and temporomandibular joint surgery
	 B. orthodontics
	 C. periodontics
	 D. all of the above

7. What does the patient tracker arm facilitate?
	 A. It helps the practitioner deliver the osteotomy and 	

	 the implant.
	 B. attaching a smoothbore anchor pin sleeve surgical 	

	 guide
	 C. attaching a dentally supported surgical guide
	 D. all of the above

8. What are the phases of treatment?
	 A. diagnostics and surgery
	 B. diagnostics, restoration, and maintenance
	 C. diagnostics, surgery, and restoration
	 D. diagnostics, surgery, restoration, and maintenance

9. After the face is databased through a high-resolution 
diagnostic video, how long is it before a still image 
can be harvested to begin the treatment planning 
process?

	 A. one day
	 B. one hour
	 C. 60 seconds
	 D. 	however long it takes depending on the response of 	

	 the digital design center

10. Robotic technology helps to provide:
	 A. extra steps compared with older analog 			 

	 technologies.
	 B. patient confidence in the practitioner.
	 C. additional time for the patient in the office.
	 D. more expensive treatment.
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