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The “Scalloped Guide”:  
A Proof-of-Concept Technique for a  
Digitally Streamlined, Pink-Free  
Full-Arch Implant Protocol 

Inadequate restorative space can result in mechanical, biologic, and esthetic 
complications with full-arch fixed implant-supported prosthetics. As such, 
clinicians often reduce bone to create clearance. The aim of this paper was 
to present a protocol using stacking computer-aided design/computer-
assisted manufacturing (CAD/CAM) guides to minimize and accurately 
obtain the desired bone reduction, immediately place prosthetically guided 
implants, and load a provisional that replicates predetermined tissue contour. 
This protocol can help clinicians minimize bone reduction and place the 
implants in an ideal position that allows them to emerge from the soft tissue 
interface with a natural, pink-free zirconia fixed dental prostheses. Int J 
Periodontics Restorative Dent 2018;38:791–798. doi: 10.11607/prd.3778

As life expectancy increases, so 
does the number of people with 
edentulous arches.1 With higher 
expectations for quality of life, 
dentures often no longer meet pa-
tients’ standards.2 As such, many 
prefer an implant-supported fixed 
dental prosthesis (ISFDP).3,4 Pa-
tient demand, compliance, dex-
terity, financial capability, skeletal 
maxillomandibular relationship, and 
residual bone anatomy must be con-
sidered when determining the ap-
propriate implant number, implant 
position, and type of prostheses.5,6

The patient should be fully in-
formed of the benefits and limita-
tions of both fixed and removable 
prostheses, particularly patients 
classified as Cawood and Howell 
Class IV, V, or VI.7 For these patients, 
extensive prosthetic flanges are of-
ten needed to restore horizontal 
and vertical loss of soft and hard tis-
sues and to guarantee the proper 
smile design and lip and cheek sup-
port. This can make daily hygienic 
maintenance of a fixed prosthesis 
challenging, and at times virtually 
impossible.8 As plaque accumulates, 
these restorations are associated 
with a higher rate of peri-implan-
titis and subsequent implant loss,9 
contraindicating ISFDPs for these 
patients. Alternatively, at least four 
implants may allow for a bar-sup-
ported removable implant overden-
ture. This would allow for complete 
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implant support, avoiding any bear-
ing area on the soft tissues and re-
ducing the denture base extension. 
Studies of implant-supported over-
dentures report high success and 
survival rates for both implants and 
prosthetics, with patient satisfaction 
rivaling that of ISFDPs.10 

Even prior to implant-support-
ed overdentures, Brånemark and 
his team developed a protocol for 
fixed-implant prosthetics with their 
“tissue-integrated prostheses.”11 
These consisted of a customized 
metal substructure overlaid with 
pink and white acrylic resin. Though 
this prosthesis revolutionized im-
plant dentistry, by intrinsic nature of 
the restoration itself, it is not without 
drawbacks.12 Maintenance due to 
acrylic wear and tooth debonding, 
as well as “retreading” (replace-
ment of all acrylic), is a routine and 
expected part of treatment that car-
ries a cost to the patient and/or pro-
vider.13–15 This often results from a 
lack of restorative space either at the 
onset of treatment, or as the vertical 
dimension of occlusion (VDO) de-
creases with material wear.3,15 With 
its many components and interfaces, 
a Brånemark-style resin-wrapped-
to-metal (RWM) ISFDP requires a 
minimum restorative space of 15 to 
18 mm (measuring from the crest 
of the bone to the opposite occlu-
sal surface).3,16 This threshold range 
of functional clearance allows the 
prostheses to withstand functional 
loading while minimizing related 
biomechanical complications. 

Ongoing research for esthetic 
and biocompatible materials has 
resulted in the use of zirconium ox-
ide (ZrO2 or zirconia) for ISFDPs as 

an alternative to the conventional 
porcelain-fused-to-metal or RWM. 
Yttria-stabilized zirconium dioxide 
(Y-TZP) in particular has gained pop-
ularity in contemporary dentistry due 
to its high flexural strength and frac-
ture toughness, absence of mucosal 
discoloration, and esthetic proper-
ties.17–19 It is more biocompatible than 
high gold-cast alloys, and its reduced 
bacterial and plaque adhesion help 
prevent soft tissue inflammation.20 
This lends towards healthy soft tissue 
integration of implant-supported res-
torations, thus improving long-term 
stability of the marginal bone.21,22

Full-contour monolithic zirconia 
(FCZ) prostheses are particularly fa-
vorable, as they do not have the risk 
of ceramic veneer chipping and may 
have a lower frequency of framework 
fracture than ceramic veneered or 
layered zirconia prostheses.19 While 
FCZ full-arch ISFDPs do not yet have 
the same long-term data as other 
materials, encouraging recent lit-
erature shows it to be a viable, pre-
dictable alternative with favorable 
short-term clinical results.20,21,23 The 
advantage of a FCZ ISFDP is intrinsic 
in its monolithic nature—there are 
no dissimilar interfaces or minimiz-
ing fracture and/or chipping events, 
creating a greater bulk of material to 
improve the structural properties of 
the prosthesis, and enabling precise 
and efficient fabrication through 
computer-assisted manufacturing/
computer-assisted design (CAD/
CAM) processes. Thereby, even if 
not thoroughly documented in the 
literature, in the authors’ experienc-
es the functional clearance range of 
15 to 18 mm needed for the RWM 
and overdenture prostheses can 

be reduced to 10 to 14 mm for FCZ 
ISFDP.21 This can be beneficial for 
patients with a terminal dentition or 
those who have not yet experienced 
significant resorption and have mini-
mal restorative space. 

Bone reduction for a complete-
arch ISFDP is often utilized to gain 
restorative space, conceal the pros-
thesis-tissue junction in patients with 
excessive gingival display, improve 
the implant recipient site, and cre-
ate a more cleansable surface at the 
tissue interface.16,24,25 Inadequate 
reduction can lead to prosthetic fail-
ure due to material fracture, poor 
esthetics, or inability to perform oral 
hygiene procedures due to unfa-
vorable prosthetic contours.26 Most 
often, bone reduction is completed 
with a surgical guide (typically CAD/
CAM generated) that creates flat, 
level bone in the area of implant 
placement.25 As guides have be-
come more precise with CAD/CAM 
and as zirconia allows for less reduc-
tion, aggressive, flat bone reduction 
may no longer always be necessary.

The aim of this paper was to 
present a digitally integrated work-
flow, using three CAD/CAM surgi-
cal guides. These guides allow the 
clinicians to: (1) accurately obtain the 
desired bone reduction, (2) place 
prosthetically guided implants, and 
(3) load a polymethyl methacrylate 
(PMMA) provisional that replicates 
ideal tissue contours. Subsequently, 
a smooth, customized bony plat-
form and soft tissue interface is de-
veloped for terminal dentition and 
completely edentulous patients with 
minimum bone resorption (Cawood 
and Howell Class I, II, and III). The 
clinical implications of the CAD/CAM 
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“scalloped guide” include streamlin-
ing the implant complete-arch pro-
tocol, helping clinicians accurately 
minimize bone reduction according 
to the functional clearance needs of 
the patient, placing implants in the 
ideal position to emerge from the 
soft tissue with a natural, pink-free 
fixed dental prostheses, and provid-
ing confidence that the diagnostic 
and digital treatment planning goals 
have been achieved.

Protocol

Diagnostic Records

Once a patient is deemed a candi-
date for implant surgery and a com-
plete-arch ISFDP,3,11,27 diagnostic 
records are obtained. Per the pro-
posed protocol, the following data 
are acquired: 

1. Clinical digital photographs for 
digital smile design (DSD).28 
DSD is used to generate a smile 
design driven by an individual’s 
face and smile display. As such, 
it is critical to have at least two 
portraits representing (1) the 
lips at rest and (2) a broad smile. 

2. Intraoral digital optical scan of 
both arches and the occlusion 
in centric relation (CR) (CS3600, 
Carestream; Trios, 3shape). 
It is important to capture as 
much soft tissue as possible 
(particularly the hard palate 
and the retromolar region), 
as it may be used to support 
surgical guides. Alternatively, 
polyvinyl siloxane (PVS) 
impressions may be made, 

along with a bite registration 
in CR. The laboratory can scan 
the resulting master casts and 
convert the readings to a digital 
workflow if an intraoral scanner 
is not available.

3. Cone beam computed 
tomography (CBCT) scan of 
the dental arches (CS 9300, 
Carestream).

4. Documentation of the patient’s 
desired esthetic changes (tooth 
size, position, and shade).

Digital Planning (CAD) Clinical 
Protocol

The diagnostic records (the photo-
graph of the broad smile and the in-
traoral optical and CBCT scans) are 
then aligned. The following steps 
outline the protocol:

Two-Dimensional DSD
A two-dimensional (2D) smile frame 
outline is designed over the patient’s 
full-face smile photos using smile 
design software (Smile Designer 
Pro; Digital Smile Design) or general 
photo-editing or presentation soft-
ware (Photoshop Software, Adobe 
Systems; Keynote, Apple). This 2D 
smile frame outlines the desired 
teeth location, size, and esthetic 
proportions, and aids the labora-
tory technician in designing an ac-
curate three-dimensional (3D) digital 
wax-up. 

3D Digital Wax-up
The technician overlays the 2D 
frame (DSD) onto the 3D intraoral 
scan in a design software (Smile De-
sign, 3shape or exoplan, exocad). 

This is done by selecting similar 
points on the 2D photo and the 3D 
standard tessellation format (STL) 
file of the intraoral scan to accurately 
merge the two files. Once merged, 
the opacity of the 2D photo is de-
creased so the technician can see 
the 3D scans and digitally add teeth, 
following the 2D outline. The cervi-
cal area of the digital wax-up is con-
toured as ovate pontics to create 
the scalloping effect for planning 
the osseous contouring (step 4). A 
new STL file is generated from this 
digital wax-up, which is then aligned 
with the pretreatment STL to visual-
ize the proposed changes (Fig 1).

CBCT Overlay
The pretreatment and digital wax-
up STLs are merged with the digi-
tal imaging and communications 
in medicine (DICOM) files from the 
CBCT (Fig 2) using implant-planning 
software (Implant Studio, 3shape; 
exoplan, exocad; or Blue Sky Plan, 
Blue Sky Bio). Utilizing this data, the 
clinician and technician can visual-
ize the available restorative space 
(from the crest of the bone to the 
proposed incisal edge position and 
posterior occlusal plane). 

Osseous Planning
With this protocol, bone reduction 
is not arbitrary; it is based upon a 
predetermined, prosthetically ideal 
tooth position (3D digital wax-up). 
The distance from the prosthetic 
contour of each crown to the bone 
level must be 3 mm, leaving enough 
space for the biologic width at the 
pontic sites and the proper emer-
gence profile at the implant sites. 
The 3-mm scalloping technique is 
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accomplished by: (1) generating 
STL 3D bone models of the max-
illa and mandible (Blue Sky Plan, 
Blue Sky Bio); (2) offsetting the in-
taglio surface of the pontic sites by 
3 mm towards the bone models 
(Meshmixer, Autodesk); and (3) us-
ing a feature called “Boolean differ-
ence” in Meshmixer to subtract the 
offset pontic surface of the digital 
wax-up from the bone models of 
the maxilla or mandible. The result 
will be a model of how the bone 
should be scalloped and the corre-
sponding surgical guides should be 
fabricated.

The amount of bone reduction 
that is necessary to meet the re-
storative requirements of the FCZ 
complete-arch ISFDP can be deter-
mined during digital planning by 
assessing each site’s current soft 
tissue thickness and comparing it to 
the needed functional clearance of 
10 to 14 mm. The surgical and pros-
thetic teams work hand-in-hand to 
establish contours, minimize bone 
reduction, and idealize prosthetic 
contours (Fig 3).

Implant Planning
As with the osseous contouring, the 
implants are not placed arbitrarily; 
they are placed ideally, allowing a 
natural emergence at the implant 
and pontic sites. This can improve 
both esthetics and accessibility for 
hygienic maintenance (Fig 4). The 
CAD/CAM surgical guide is firmly 
stabilized in the virtually planned 
position by utilizing at least three 
anchor pins, oriented perpendicular 
to the buccal cortical bone surface.

Digital Fabrication (CAM) 
Clinical Protocol

After planning, the dental laboratory 
utilizes the clinician-approved data 
to fabricate the necessary models, 
guides, and prosthetics for the surgi-
cal appointment. The surgical guides 
and provisionals that are fabricated 
will all “stack” together. Once the 
first guide is pinned into place, the 
subsequent guides and provisional 
will pin into it, as described by Gro-
scurth and Groscurth.29

Fig 3 After merging the wax-up and CBCT 
images, osseous recontouring is planned 
based on the proposed restoration’s 
contours.

Fig 4 The planned implant position is 
based upon the proposed ideal tooth 
position (determined by the wax-up scan), 
not pretreatment tooth position. This will 
allow for biologic emergence profile of 
abutments and pontic sites.

Fig 2 The pretreatment and wax-up scans (STL files) 
can then be merged with CBCT images (DICOM files).

Fig 1 Pretreatment scan is merged with the wax-up scan for the smile 
design. These two scan files (both STL files) can be overlaid to assess the 
proposed changes.
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Scalloped Guide (Osseous 
Recontouring Guide)
This guide has contours dictated by 
the prosthetic design at the cervical 
and interproximal interfaces (Fig 5). 
This design allows the surgeon to re-
move only the necessary amount of 
bone, leaving at least 3 mm of space 
underneath the prosthesis to allow 
for the development of a soft tissue 
interface with adequate thickness, 
while also achieving 10 to 14 mm of 
functional clearance between the 
bone surface and the occlusal plane 
(Fig 6). The bone reduction can be 
performed with the Piezotome in-
sert OT4 (Piezosurgery touch, Piezo-
surgery) under copious irrigation 
after raising a full-thickness flap.

Implant Placement Guide
This next guide is stacked and/or 
pinned in the same position as the 
scalloped guide, following the IBUR 
design.29 Implants are placed fol-
lowing the 3D wax-up to allow ideal 
esthetic and biologic emergence 
(Fig 7).

Milled PMMA Provisional
The provisional is designed with 
ovate pontics and emergence from 
the implant sites per prosthetic 
planning (Fig 8). The contours of the 
provisional follow the scallop estab-
lished by the osseous recontouring. 
This pre-designed shape and 3-mm 
space underneath allow for mainte-
nance of the interproximal height 

of bone and subsequent papilla 
formation5,22 (Fig 9).

Printed Models
Preoperative, extraction, and con-
toured models are included for 
guidance and verification through-
out the procedures (Fig 10).

Finalization

Following an uneventful healing 
period of 3 to 4 months, definitive 
impressions can be obtained. An 
open-tray implant-level impression 
is made, with digital radiographs ob-
tained to verify the complete seating 
of the impression copings. Definitive 

Fig 7 A surgical guide for implant 
placement is then pinned (stacked) into 
position, allowing implants to be placed per 
pretreatment planning. 

Fig 8 (a) A PMMA provisional is milled following the wax-up scan. (b) Pins are incorporated 
into the provisional, allowing it to stack to the guide. These will be removed after the 
provisional is luted intraorally.

Fig 5 An osseous recontouring guide 
(scalloped bone reduction guide) and a 
duplicate provisional are 3D printed.

Fig 6 (a) The osseous structure can then be recontoured/scalloped according to 
pretreatment planning. (b) Verification with the milled PMMA provisional. Note the 3-mm 
space under pontic sites for soft tissue fill.

a

a

b

b
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casts are subsequently poured, uti-
lizing the interim restorations to 
transfer the models to a semi-adjust-
able articulator at the appropriate 
CR and VDO of the patient. At this 
time, the provisional prosthesis is 
evaluated for any desired changes. 
Esthetics, phonetics, VDO, and CR 
are reviewed by both the clinician 
and the patient. After changes are 
made or noted, the prosthetic vol-
ume and the related esthetic and 
phonetic information that were es-
tablished during the healing period 
can be replicated from the tempo-

rary prosthesis using a silicone putty 
index or scanned with an intraoral or 
extraoral scanner.

Based upon the information, a 
PMMA duplicate of the definitive 
FMZ restoration can be made for 
intraoral verification of fit, function, 
and esthetics. The complete-arch 
FMZ ISFDP can then be milled with a 
five-axis milling machine (Milling Unit 
M5, Zirkonzahn) from a puck of Y-TZP 
(Prettau Zirconia 16er XH40, Zirkon-
zahn) (Fig 11). After placing the defin-
itive restoration (Fig 6a), it should be 
evaluated for passive fit as described 

by Rojas-Vizcaya30 and the abutment 
screws torqued to the manufacturer’s 
recommendation (Fig 12). The screw 
access openings are covered with 
polytetrafluoroethylene tape (Teflon, 
Traxco) and light-polymerizing com-
posite resin (Z100 Restorative; 3M 
ESPE), and seating is confirmed with 
radiographs. 

Discussion

Following standard protocols, clini-
cians often remove large quantities 

Fig 11 Final zirconia restoration before seating. Note the biologic 
emergence of abutments and pontics, as well as the lack of pink 
porcelain.

Fig 12 Seated zirconia restorations.

Fig 9 The PMMA provisional is picked up following standard 
protocols. After finishing and polishing, it is seated and the access 
holes are filled. Note the soft tissue contour that will allow tissue to 
fill in the space.

Fig 10 Lab work fabricated for surgical preparation and provision-
alization includes 3D-printed pretreatment and osseous contoured 
models, a scalloped guide for osseous contouring, a surgical guide 
for implant placement, and a milled PMMA provisional with pins 
for positioning the surgical guide. These were all developed from 
surgical and prosthetic planning.
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of bone and tissue, essentially modi-
fying the patient’s anatomy to fit the 
prosthesis and create restorative 
space. Recent technologies allow 
the design of an anatomy-driven 
prosthesis followed by a prosthesis-
driven surgery, resulting in minimal 
and precise tissue removal. The 
workflow outlined in this article and 
use of the scalloped guide provide 
a means of preserving the patient’s 
tissues. Additionally, utilizing mono-
lithic zirconia reduces the required 
functional clearance of the resto-
ration from 15 to 18 mm to 10 to 
14 mm, compared to conventional 
RWM prostheses. This can signifi-
cantly conserve bone and minimize 
surgery.

During treatment planning for 
full-arch implant prosthetics, bone 
reduction has been the standard 
practice to address the interface be-
tween pink restorative material and 
the edentulous ridge and to create 
restorative space. Clinically, the au-
thors have seen an issue with the 
lack of cleansability when moving 
this transition zone very apically. By 
redesigning the prosthetic interface, 
and with accurate CAD/CAM-driven 
implant placement, it is no longer 
always necessary to reduce bone to 
hide this transition. Utilizing a crown 
and bridge design for abutments 
and pontics can increase esthetics 
(avoids matching pink) and create 
a much more cleansable interface. 

The work of Pozzi et al defining the 
Biologic Pontic Design (BPD) and 
the “prosthetic biological width” un-
derneath the pontics has helped es-
tablish a predictable protocol in the 
planning for these prostheses.21,22 
The definitive gingival esthetics are 
a result of the adaptation of the soft 
tissue to the predetermined contour 
of the interim prosthesis—delivered 
the day of the implant surgery—in 
the space created between the pros-
thesis and the bone, as dictated by 
the scalloped shape of the guide. 
The scallop allows the maintenance 
of the interproximal height of bone 
(Fig 13), which subsequently sup-
ports and maintains papilla forma-
tion (Fig 14).

Fig 14 Two-year clinical follow-up. The 
prosthesis (a) was removed and screws 
were replaced as a maintenance procedure 
(b, c). Note the stability of soft tissue 
contours compared to the soft tissue model 
that was made based on patient-approved 
provisionals.

Fig 13 Two-year radiographic follow-up on 
implants and prosthetics on the patient’s (a) 
right, (b) anterior, and (c) left sides. Note the 
stability of bone contours in abutment and 
pontic regions. 

a b c

a b

c
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Conclusions

Combining technologies and ad-
vancements, clinicians can now 
achieve unprecedented precision 
and predictability at each step, 
from surgical planning to prosthet-
ic delivery. The “scalloped guide” 
proof-of-concept technique allows 
clinicians to digitally streamline a 
pink-free complete-arch implant 
protocol while addressing some of 
the challenges of the traditional pro-
tocols, including restorative space, 
cleansability issues, and the need to 
hide the “transition zone.” 
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