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Introduction
Digital technologies in dentistry eliminate 
the use of conventional impression methods 
and substitute many other procedures such 
as shade selection,[1] smile designing, wax 
mock‑ups,[2] jaw relations, and prosthesis 
fabrication. Reductions in human efforts, 
improved precision, reduced chairside time, 
less wastage of resources, and predictable 
outcomes are the reasons why digitalization 
in dentistry has gained tremendous 
success in the past few years. The current 
clinical report describes a combination 
of few such technologies that reduced the 
conventional eight‑step implant full‑mouth 
rehabilitation to just a simple three‑step 
procedure without subjecting the patient 
to cumbersome open‑tray impression, 
strenuous jaw‑relation exercises, and 
frequent trial appointments.

Case Report
Diagnosis, planning, and surgical phase

A 76‑year‑old male patient reported to 
the outpatient department with a chief 
complaint of ill‑fitting maxillary denture. 
On examination, it was found that the 
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Abstract
Digital dentistry is disruptive to conventional methods for performing prosthetic rehabilitation. 
Fabrication of prosthesis for all‑on‑four implants involves multiple steps when done conventionally 
and is prone to error. The use of digital technologies such as intraoral scanners  (IOS) and extraoral 
scanners can marginalize these errors and also reduce the chairside time. This clinical report outlined 
a method which used a conjunction of extraoral and IOS to collect data for implant position, soft 
tissue profile, and vertical and centric relations. These data were then combined and used to fabricate 
a hybrid denture for the patient. The hybrid denture was milled from graphene‑reinforced poly 
methyl methacrylate puck which provided the advantages of monobloc prosthesis and the material 
advantages of graphene. The entire prosthetic rehabilitation was completed within three appointments.
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patient was a single‑denture wearer for 
8  months  [Figure  1a and b]. The patient 
started to experience frequent dislodgement 
of the maxillary denture about 3–4  weeks 
ago and tried to self‑alleviate the situation 
using denture adhesive, which did not work. 
The mandibular arch was rehabilitated with 
fixed dental prosthesis. The vertical relation 
of the denture was well preserved. After 
counseling of the patient and explaining to 
him regarding all the options available, the 
patient agreed for an all‑on‑four implant 
therapy[3] followed by implant‑supported 
hybrid denture for the maxillary arch.[4] The 
patient was not having significant bone in 
the maxillary posterior region beyond the 
second premolar but had a good amount of 
bone in the anterior region which made it 
a perfect case for all‑on‑4 protocol.[3] The 
patient’s informed consent for the treatment 
was obtained. The positions for implants 
and dimensions of the implants to be placed 
were determined on implant planning 
software BlueSkyBio plan [Figure 2].

Visit 1

The surgical procedures were performed 
under local anesthesia with lignocaine 
with adrenaline 1:80,000. Dental implants 
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(Noris Medical‑Dental Implant Solutions, Israel) of 
dimensions (3.75 mm in diameter and length 13 mm) were 
placed in the anterior maxilla in the canine and premolar 
region on the left and right sides with flapless free‑hand 
implant surgery protocol  [Figure  3].[5] Postoperative 
antibiotics  (Augmentin Duo, Glaxosmithkline Pharma, 
Bangalore, India) twice daily for 5 days, analgesics (Zerodol 
SP, Ipca Laboratories Ltd, Mumbai, India) twice daily 
for 5  days, and antacid medication  (Pantosec D, Cipla 
GX, Himachal Pradesh, India) once daily for 5  days were 
prescribed.

Primary stability of 45 Ncm reverse torque was obtained 
with each implant. Multi‑unit abutments were placed at 
8° and 30° to compensate for tilt of the implants, and to 
obtain parallelism  [Figure  4]. Flapless approach provided 
the advantage of minimal bleeding, and a completely 
healthy ridge with multi‑unit abutments enabled us to take 
immediate intraoral scan. An intraoral scanner  (IOS)  (3Di 
IOS Intraoral Scanner, Castellini, Italy) was used to 
record the soft tissue profile of the ridge along with scan 
bodies (ARUM SCAN BODIES) attached to the multi‑unit 

abutments  [Figure 5a and b]. This determined the position, 
angulation, and gingival profile of the multi‑unit abutments.

To determine the exact position of the implant, an extraoral 
photogrammetric scan was taken using iCam4D  (Imetric 
4D Imaging, Switzerland). The scanner was first oriented 
to the reference points. The scan bodies were replaced 
by specialized iCamBodies  [Figure  6a], and the extraoral 
scanning was performed [Figure 6b].

The previous denture was then adjusted over temporary 
cylinders and temporized using bis‑acryl composite 
resin  (Cooltemp Natural, Coltene Whaledent, Switzerland). 
Occlusal adjustments were done to get complete 
intercuspation  [Figure  7].[6] After temporization, surface 
scan of the denture along with the occlusal surface was 
taken with IOS.

As the centric and vertical jaw relations of the temporized 
dentures were clinically satisfactory, they were virtually 
duplicated in the new denture. Extraoral photographs were 
taken to ascertain the high lip line and smile line of the 
patient.

Visit 2

The patient recalled after 2 days for trial prosthesis.

The scanned data were merged and a virtual full‑arch 
prosthesis was designed according to the external surface 
scan of the denture and implant position scans. A trial denture 
of poly methyl methacrylate  (PMMA) disc was milled from 
this design which was used to verify the jaw relation and 
teeth position. Ti bases were luted to this prosthesis with 
dual‑cure composite cement  (Variolink N Ivoclar Vivadent, 
Switzerland). The trial prosthesis was fixed on the multi‑unit 
abutments. A  one‑screw test was performed to check the 
passivity of the prosthesis.[7] All the interceptive contacts were 
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Figure 2: Implant planning

Figure 1: (a) Preoperative extraoral. (b) Maxillary arch
ba
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adjusted  [Figure  8]. The patient was then asked to use this 
prosthesis for 1  week to check for comfort and masticatory 
efficiency. After confirming patient comfort and satisfaction, 
the datasets were put to use to fabricate a permanent 
prosthesis which was milled from a graphene‑reinforced 
PMMA resin puck  (G CAM Disc, Graphenano, Neodental 
Technologies, Hyderabad) and characterized using gingival 
and tooth‑colored composite stains  (Visio.Lign Stain Kit, 
Bredent, Germany). Ti bases were luted to the permanent 
prosthesis with dual‑cure composite cement  (Variolink N 
Ivoclar Vivadent, Switzerland).

Visit 3

The provisional prosthesis was replaced with the permanent 
prosthesis after 1  week. The prosthesis was tightened in 

place and inspected for proper phonetics, seal at the intaglio 
surface, and interceptive occlusal contacts [Figure 9a]. After 
optimal adjustment, the prosthesis was finally tightened in 
place with a torque value of 15 Ncm. Postoperative and 
denture hygiene instructions were given to the patient. The 
patient was recalled for a 2‑month elective follow‑up; the 
patient continues to use his denture without any difficulty 
in function and is satisfied with the esthetics [Figure 9b].

Discussion
The digital revolution is rapidly changing the world 
of dentistry, especially in the field of prosthodontics. 
Cutting‑edge technology and the progress in artificial 
intelligence (AI) have provided us with software which can 
do multitudes of work that were done conventionally in the 
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Figure 3: Postoperative OPG. OPG: Orthopantomogram Figure 4: Multi‑unit abutments

Figure 7: Immediate temporization
Figure 8: Trial PMMA denture. PMMA: Poly methyl methacrylate

Figure 5: (a) Scan bodies. (b) Intraoral digital impression
ba

Figure 6: (a) iCam bodies. (b) Photogrammetric recognition of specialized 
bodies

ba
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the accurate shape and size of each tooth along with its 
relation to the antagonist.[12,13,15]

The options of material for milling the prosthesis ranged 
from Polyether ether ketone (PEEK) to zirconia.[16] To 
avoid interfaces, differences of modulus of elasticity, 
separate framework trial, and additional appointments, a 
monolithic prosthesis was milled from graphene‑reinforced 
PMMA. Any metallic or zirconia implant prosthesis 
opposing metal‑ceramic prosthesis will have a lot of impact 
force which may result in high impulse loading on the 
implant and supporting bone.[17] With modulus of elasticity 
3200 ± 7% MPa and bending strength: >140 ± 7% MPa of 
graphene, prosthesis makes it a more natural choice for this 
case.[18‑20] The monolith option also reduces the number of 
interfaces and increases strength.[21]

G Cam Disc is a biopolymer of graphene in a millable 
disc form. Graphene polymer has very high flexural 
strength, high esthetics, and high superficial abrasion 
resistance.[18‑20] The polymerization of PMMA triggers 
an exothermic chemical reaction, which is improved by 
graphene owing to its excellent heat conduction property. 
Complete polymerization eliminates drawbacks like 
polymerization shrinkage and improves its stability.[18] 
These properties make this material an ideal option for 
implant prosthesis in monolithic form.

The technique described in the article did not utilize any 
impression material or models, which would have inevitably 
contributed to dimensional changes, rather a streamlined 
process which gave precision to the prosthesis [Figure 10].

Limitations and future prospects

As the material is new to the market, it needs more long‑term 
studies and evidence‑based trials. Digital evolution, especially 
AI, is changing rapidly. In the near future, we may see more 
advanced IOS which may capture full‑arch data without any 
error, and thus eliminate the use of external scanner.

Conclusion
The novel workflow is a proof of concept that dentures can 
be made fully digitally with the choice of superior materials 

Figure 10: Visit sequence and workflow

lab. These software do an excellent job of auto‑merging 
occlusal datasets, STL datasets of scans, designing the 
tooth, and assessing the position and magnitude of contact 
points.

The introduction of IOS has allowed dentists to acquire 
data directly from the mouth without the need for a 
conventional impression material and technique. Especially 
in cases of Implants, where making an impression is very 
difficult.[8,9] Making digital impressions for 4–5 teeth in one 
quadrant is very promising when compared to full‑mouth 
impressions.[9] When assessing the precision of digital 
impressions in case of fully edentulous arches which are 
rehabilitated with implant‑supported prosthesis, it has been 
noted that the accuracy depends on factors such as the 
number of implants, space between implants, and the depth 
at which the implants are placed. The impressions are more 
accurate when the implants are placed close to each other 
and are more in number.[8] The visible portion of the scan 
body and the platform it is supported upon need to be 
well exposed for better recording of the impression.[10] The 
recording of vertical and centric relations using scanners 
is one of the main challenges in adopting a complete 
digital workflow. Another problem of the IOS currently 
used in clinics is the precision loss that is produced by the 
so‑called “overlapping,” which is a scanning alignment 
through common areas.[11] To counter this problem, we 
have incorporated extraoral scan to aid in orientation and 
accurate registration of implant position. The intraoral 
scanning was thus used to capture the soft tissue data and 
implant position with the help of scan bodies. The extraoral 
scanner (iCam4D, Imetric 4D Imaging, Switzerland) works 
on the principle of photogrammetry; it captures the implant 
position and its orientation in three‑dimension with the help 
of specialized scan bodies;[12] however, these scanners are 
not equipped for recording the soft tissue and hard tissue 
simultaneously.[13,14] The merged data sets of the two scans 
give a very precise and accurate digital impression of the 
multi‑unit platform and the soft tissue.[12‑14]

The vertical and centric relations of the existing dentures 
were clinically satisfactory and were to be duplicated in 
the definitive prosthesis. The external form of the denture 
in  situ was recorded using IOS to obtain datasets for 
centric and vertical relations.[12,15] The occlusal and cameo 
surface was recorded which allows the software to suggest 

Figure 9: (a) Final prosthesis. (b) Postoperative extraoral
ba
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and reduced chair time. It gives ease of patient management 
and also does not cause the patient any discomfort.
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