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Abstract

This article describes a comprehensive step-by-step protocol for immediate implant

placement and restoration in the esthetic zone. Clinical Considerations Immediate

implant placement into fresh extraction sockets and immediate restoration have

become widely accepted, demonstrating long-term success rates that are comparable

with traditional delayed implant protocols. However, they are technique sensitive

and require proper treatment planning as well as meticulous execution to be predict-

able and successful in the long term. This is particularly important in the esthetic

zone, where even minor aberrations and mistakes can have devastating conse-

quences, and especially in younger patients, where esthetic and functional out-

comes should remain stable for years and possibly decades to come. The eight

critical steps for predictable immediate implant placement include: provisional res-

toration of the failing tooth and presurgical phase, atraumatic tooth extraction, ini-

tial implant osteotomy, 3D bone graft packing, guided implant placement with a

surgical guide, customized abutment insertion, provisional crown relining, and

placement of a connective tissue graft from tuberosity. Immediate implant proto-

cols in the esthetic zone require thorough planning and execution in the proper

sequence. Each one of the critical steps discussed in this article has its own impor-

tance and challenges, which are critically assessed based on current scientific

evidence.

K E YWORD S

CAD/CAM, digital dentistry, implants, periodontics/prosthodontics

1 | INTRODUCTION

Endosseous dental implants have excellent long-term success rates.1,2

Besides restoring intraoral function and biology, esthetic consider-

ations are key when replacing missing or failing teeth in the anterior

areas of the jaw. The ultimate goal is to replace missing teeth with

implant restorations that are indiscernible from the surrounding denti-

tion in terms of shape, morphology, and color, but also to restore and

maintain a natural hard- and soft-tissue architecture, which is consid-

ered the frame for any restoration.3 Soft-tissue aberrations, defects,

and deficiencies will render even the most beautiful restoration

unsuccessful, not just in the beginning, but also when they happen

long after completion of treatment. This is likely the most challenging

aspect in implant dentistry, especially in younger patients, where

despite any possible orthodontic, biologic, and morphologic changes,

functional and esthetic outcomes are expected to be stable over time.

Traditional implant protocols suggest a several-month-long healing

period of the crestal bone after tooth extraction and before surgical

implant insertion. A similar healing time is recommended before the

implant is uncovered and, after another few weeks or months,
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ultimately restored.4,5 While these multi-step protocols have been con-

sidered to be “safe” and provide long-term stability, especially in com-

promised situations in respect to general health, bone support or local

inflammation, they not only require a long healing and provisional phase

with an oftentimes inadequate interim prosthesis, but also multiple sur-

gical interventions. For these reasons, early and immediate implant

placement into fresh extraction sockets5-7 and immediate restoration6-8

have become widely accepted protocols, demonstrating long-term suc-

cess rates that are comparable to traditional delayed implant proto-

cols.4-8 In addition, post-extraction bone and soft-tissue resorption can

be limited or even prevented through immediate implant placement

and restoration.9,10 Significantly shortened treatment time, fewer sur-

geries, and immediate esthetic rehabilitation are some of the key

advantages of these protocols from a patient perspective.

However, immediate implant placement and restoration protocols

are technique sensitive.7 They require proper treatment planning and

meticulous execution to be predictable and successful in the long

term. This is particularly important in the esthetic zone, where even

minor aberrations and mistakes can have devastating consequences,

and especially in younger patients, where esthetic and functional out-

comes should remain stable for years and possibly decades to come.11

This article describes a comprehensive protocol for immediate

implant placement and restoration in the esthetic zone, detailing critical

steps from treatment planning to execution and follow up. The clinical

steps and most important aspects are illustrated with the clinical scenario

of a fractured maxillary left central incisor (Figures 1 to 4). While one par-

ticular implant system was used in the case presented, other systems

with comparable features may provide similar outcomes.

2 | THE PREDICTABLE IMMEDIATE
IMPLANT CONCEPT

The predictable immediate implant placement concept includes sev-

eral key stages from planning to final restoration delivery (Figure 5).

The first step, after optimized preparation of the failing tooth and fab-

rication of an ideal provisional crown, is the digital planning of the

implant with the Cone Beam Computed Tomography (CBCT) and an

implant planning software (DTX Studio, Nobel Biocare). An optimized

preparation provides critical information while the provisional crown

supports the tissues in an ideal manner until implant surgery. The

preparation finish line and position of the tooth to be extracted serve

F IGURE 1 Preoperative intraoral view: maxillary left central
incisor with root fracture

F IGURE 2 Periapical radiographs of the preoperative situation,
indicating root fracture of the maxillary left central incisor, and of the
postoperative situation 2 years after immediate implant placement

F IGURE 4 Pre- and 2-year postoperative situations in CBCT
imageF IGURE 3 Two-year postoperative clinical situation

GAMBORENA ET AL. 159
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as guides for the implant position, depth, and angulation. A surgical

guide is designed based on these parameters and 3D printed. An

implant analog is placed into the master cast with the guide to simu-

late ideal implant placement, and a customized zirconia abutment is

fabricated based on the dimensions and shape of the original tooth

and its preparation. This ensures identical soft-tissue support and seal

of the surrounding hard- and soft tissues.

The surgery starts with an atraumatic tooth extraction and an under-

prepared implant osteotomy. A xenograft bone substitute material is

packed directly into the extraction socket to ensure complete fill of any

spaces between the implant and the alveolar bone. The implant is then

placed as planned digitally, fully guided with the surgical guide to ensure

not only proper position and angulation, but also depth. The customized

abutment is inserted, and the provisional crown relined and cemented.

Finally, a subepithelial connective tissue graft from the tuberositas

(TCTG) is placed circularly around the abutment in the concave space

between the marginal preparation finish line and the implant head.

The eight critical steps for predictable immediate implant place-

ment in consecutive order (Figure 6):

1. Provisional restoration of the tooth to be extracted and presurgical

phase.

2. Atraumatic tooth extraction.

3. Initial implant osteotomy.

F IGURE 5 Key stages for
predictable immediate implant
placement: digital planning
(planning implant position and
angulation based on the
preparation finish line of the
original tooth), surgical stent,
transfer of the tooth preparation
to the abutment, implant

placement, and grafting

F IGURE 6 The eight critical steps of the predictable immediate
implant protocol

160 GAMBORENA ET AL.
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4. 3D bone graft packing

5. Guided implant placement with surgical guide.

6. Customized abutment insertion.

7. Provisional crown relining.

8. Circular connective tissue graft from tuberosity.

2.1 | Provisional restoration and presurgical phase

A 30-year-old patient presented with pain on the maxillary left central

incisor (Figure 7). Both maxillary central incisors were impacted by

trauma in the past. Radiographic evaluation revealed a root fracture of

the maxillary left central incisor in the area of the endodontic post tip

(Figure 8). The maxillary right central incisor was diagnosed with an

irreversible pulpitis, which required endodontic treatment and internal

bleaching before restoration with a composite resin material. The

CBCT provided information about the tooth angulation and remaining

alveolar bone support in the area of the maxillary left central incisor

(Figure 9). Further evaluation through bone sounding (Figure 10) and

fabrication of a provisional crown after tooth preparation with an

optimized finish line ensued (Figure 11). The provisional restoration

should provide ideal soft tissue support as it will be used to transfer

the shape, dimensions, and outline of the natural tooth to the immedi-

ate implant restoration. The final impression was made with a polyvi-

nyl siloxane (PVS) impression material.

The master cast was fabricated with an epoxy resin material. This

allows to fully seat the 3D printed surgical guide onto the cast without

breaking it, which is difficult to achieve with regular die stone. A full-

contour wax up of the tooth to be extracted was made and both the

master cast and the wax up were scanned. Afterwards, the prepara-

tion was reduced to the level of the preparation finish line, while

keeping the marginal areas intact (Figure 12). The digital scans of the

reduced master cast, the preparation finish line, and the wax up were

digitally “fused” together with the CBCT (Smart Fusion Technique,

Nobel Biocare), serving as a stable reference for optimal implant

F IGURE 7 Preoperative intraoral view: maxillary left central
incisor with root fracture. The maxillary right central incisor needed
root canal treatment and internal bleaching, restoration with
composite

F IGURE 8 Preoperative periapical radiograph indicates root
fracture in the area of the apical tip of the post

F IGURE 9 Preoperative CBCT of the maxillary left central incisor

GAMBORENA ET AL. 161

 17088240, 2021, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jerd.12716 by U

niversity O
f Pennsylvania, W

iley O
nline L

ibrary on [12/10/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



planning in the design software (DTX Studio, Nobel Biocare). The

preparation finish line is critical for determining the depth of the

implant, and its angulation should be oriented along the long axis of

the tooth. The position and angulation of the abutment screw access

channel (20 degrees in this case) was determined and integrated in

the design of the Angulated Screw Channel (ASC, Nobel Biocare)

abutment (Figure 13). The surgical guide was designed, and 3D

printed (Figure 14). The implant surgery was simulated on the epoxy

model with the surgical guide, and an implant analog was placed into

the model in the exact same position as clinically (Figure 15). The flat

wall of the hexagon of the implant placement guiding mount should

be marked on the surgical guide with a pencil to preserve its location

for the surgery. This allows the surgeon to transfer the exact implant

position and abutment orientation from the model to the mouth to

ensure optimal seating of the definitive abutment and provisional

crown. The emergence profile was created on a plastic temporary

abutment with composite. The abutment should match the diameter,

shape, and preparation finish line location of the tooth to be extracted

in areas at and above the prospective soft-tissue levels (Figure 16).

Below the peri-implant soft-tissue margin, the abutment should have

a concave shape to provide space for a CTG and support soft-tissue

stability. The A silicone index of the prepared tooth served as guide to

trim the plastic abutment and give the implant abutment the same

shape as the tooth. An abutment with the same shape and diameter

as the root of the failing tooth provides a seal for the underlying tis-

sues and initial vertical support for the soft tissues. It supports forma-

tion and stability of a blood clot and the connective tissue graft.12,13

The custom-made composite abutment is scanned and designed with

the proper angulated screw channel (Figure 17). The definitive zirco-

nia abutment is an exact replica of the custom-made composite abut-

ment (Figure 18). Figure 19 depicts appliances and prosthetic

components prepared during the presurgical phase for the implant

surgery. The provisional crown remained in the patients’ mouth to

F IGURE 10 A provisional restoration was fabricated for the
tooth to be extracted

F IGURE 11 The tooth was prepared and a PVS impression
is made

F IGURE 13 Virtual implant planning was done by digitally fusing
scans of the model, the preparation finish line, and the wax-up with
the CBCT. The preparation finish line of the tooth to be extracted is
critical in determining optimal implant depth and angulation, and for
the design of the definitive implant abutment with an angulated screw
channel

F IGURE 12 A full contour wax-up made on the epoxy-resin
master cast. The abutment tooth was removed afterwards, while
preserving the crown preparation finish line

162 GAMBORENA ET AL.
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provide continued and stable support of the soft tissues until the

surgery.

2.2 | Atraumatic extraction

Atraumatic tooth extraction is the first step of the surgical phase.

Damaging the alveolar bone during tooth extraction can have severe

consequences and cause unnecessary resorption.14 A fundamental

rule is to never force any instrument between the crestal bone and

the root. Similarly, pliers should not be used as they require forceful

eccentric movements, which distort and damage the alveolar bone.

Instead, extraction systems where, for example, a post is screwed into

the root and then pulled out of the socket vertically with a lever arm

system and without touching the bone are recommended (Figure 20)
F IGURE 14 The master cast was made from epoxy resin and
prepared to simulate optimal implant placement through the 3D
printed surgical guide

F IGURE 15 Step-by-step
procedure of placing the implant
analog in the master cast. The flat
wall of the hexagon of the
guiding mount is marked on the
surgical guide with a pencil. This
allows the surgeon to transfer the
exact implant position and
orientation from the model to the
mouth to ensure exact seating of
the abutment

F IGURE 16 The emergence
profile is created on a plastic
temporary abutment with
composite, based on the diameter
and preparation finish line
location of the tooth to be
extracted. A silicone index of the
prepared tooth serves as guide

GAMBORENA ET AL. 163
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for atraumatic tooth extraction (Easy X-Trac System, A.Titan Instru-

ments, Orchard Park).15

2.3 | Initial implant osteotomy

Primary implant stability with an insertion torque of at least 35 Ncm is

critical for successful osseointegration.16 The first step is proper selec-

tion of implant type, shape, diameter, and length.17-20 While it may be

easier to reach the recommended torque with a wider-diameter

implant, the space to place bone graft material between the implant

and the bony walls of extraction socket would be smaller and more

difficult to fill. Implant length and especially shape may, therefore, be

more important. Self-tapping conically shaped implants such as

NobelActive (Nobel Biocare) can reach excellent primary stability,

F IGURE 17 The composite
abutment is scanned and
designed with the proper
angulated screw channel

F IGURE 18 The definitive zirconia abutment is a replica of the
custom-made composite abutment and the original prepared tooth

F IGURE 19 Prosthetic components needed for predictable
immediate implant placement

F IGURE 20 Atraumatic tooth extraction with a special extraction
system is the first step of the surgical phase

164 GAMBORENA ET AL.
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with a torque of up to 70 Ncm. They are ideal for immediate implant

placement since they cut, compress, and expand bone and can be re-

orientation during the insertion without significant loss of torque.

It is difficult to gain optimal primary stability when the implant

bed is prepared too widely. Therefore, the initial osteotomy should be

executed with a bur size that is the same size or smaller than the

diameter of the tip of the implant—always with the surgical guide.

2.4 | Bone graft packing

It has been recommended to fill the space between the implant body

and the bony walls of the extraction socket with allografts or, as we

prefer, xenograft bone substitute materials.21,22 Typically, these are

placed after implant insertion to fill any existing gaps, which may leave

hard-to-reach areas unfilled. Packing the bone graft material after the

initial osteotomy into the extraction socket before implant insertion

not only ensures complete fill of all spaces but also promotes primary

implant stability. This approach, however, requires re-drilling of the

osteotomy with same bur used for the initial osteotomy. It should be

done with the surgical guide at a very slow speed and without water

spray to keep the xenograft particles in place.

F IGURE 21 Treatment
sequence of osteotomy, 3D bone
packing, and implant insertion,
always with a surgical guide. The
osteotomy was underprepared
based on the implant diameter
and xenograft bone substitute
material packed into the socket

F IGURE 22 The zirconia abutment was inserted with the proper
torque. Next, the provisional crown made for the fracture tooth was
adapted and relined on the abutment

F IGURE 23 Periapical radiograph after implant placement and
abutment connection

GAMBORENA ET AL. 165
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2.5 | Guided implant placement

Long-term clinical esthetic and functional success is directly depen-

dent on optimal 3D implant placement.23-27 All immediate implants

should be inserted fully guided with a computer- or model-based sur-

gical guide to place the implant exactly in the planned position, angu-

lation, and depth. Clinical studies have shown that the implant should

not be placed too far toward the buccal aspect of the extraction

socket to limit resorption of the buccal plate.17-20 Dependent on the

morphology of the socket, a slightly palatal or central implant position

seems ideal, with no significant difference in respect to bone loss

between them, as long as here is space for bone graft material.21,22

However, a centered placed implant, directed along the long axis of

the tooth and toward the incisal edge has several advantages.17 From

a prosthetic standpoint, it facilitates the design of a circularly uniform

emergence profile to mimic the natural tooth without the bulbous

shape necessary for a palatally placed implant. Surgically, it avoids

large gaps and facilitates circumferential CT grafting. The reasoning

that a palatally placed implant provides better access to the abutment

screw for screw-retained restorations has also been undermined by

the introduction of systems that feature angulated screw access chan-

nels (ASC, Nobel Biocare), which can compensate for up to 25� of

implant angulation.

The implant depth is dependent on the existing soft-tissue

morphology and determined during the presurgical phase in refer-

ence to the preparation finish line of the original tooth. The implant

head should be placed ~0.5 to 1 mm below the labial crest of bone,

making sure that the flat aspect of the hex is oriented in the same

manner as on the model, as indicated with a pencil mark on the sur-

gical guide. The implant placement (Nobel Active 4.3 × 18 mm,

Nobel Biocare) and bone graft application sequence is illustrated in

Figure 21.

2.6 | Customized abutment insertion

There is a strong trend in implant dentistry toward screw-retained

implant restorations that eliminate the cement space between an

F IGURE 24 A CTG from the tuberosity (TCTG) was placed
circumferentially in the space around the abutment

F IGURE 25 Insertion of the abutment, which was shaped
concavely in the areas below the marginal finish line

F IGURE 27 The relined abutment inserted with temporary
cement

F IGURE 26 The TCTG should not be exposed to the oral cavity
due to its poor vascularization. It was, therefore, covered with soft
tissue and sutured in place

166 GAMBORENA ET AL.
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implant abutment and its crown and avoid complications attributed to

excess cement after final insertion.28-30 Still, there seem to be some

advantages attributed to cement-retained implant restorations

supported by custom abutments.31,32 While nothing close to the

direct fiber connection to the natural tooth's cementum, there is some

attachment of the innermost epithelial cell layer to titanium and zirco-

nia abutment surfaces.11 Frequent removal and reattachment of pros-

thetic implant components disrupt this fragile interface and may

compromise long-term peri-implant soft-tissue and even bone level

stability.33 Especially for immediately placed implants, it is advisable

to place the definitive abutment as early as possible and not to

remove it again. The provisional restoration can still be relined or

adapted, and the definitive crown optimized with the abutment left in

place. And if necessary, for example in the event of tissue recessions,

the abutment can be modified like a tooth with a new crown prepara-

tion without the need to remove it.

Since the definitive zirconia abutment was designed as an exact

copy of the prepared original tooth in the areas at and above the gin-

gival margins, it already features all necessary parameters to create an

ideal emergence profile and seal of the extraction socket.

2.7 | Provisional restoration reline

The same provisional crown used on the failing tooth to restore func-

tion and esthetics while ideally supporting and maintaining the sur-

rounding soft-tissues was placed on the custom zirconia abutment.

Since the abutment was shaped like the prepared tooth, proper place-

ment and relining of the provisional crown was fairly simple. The pro-

visional crown was hollowed out and relined in the exact same

F IGURE 28 Healing 15 days postoperatively F IGURE 29 CBCT verification during the healing process

F IGURE 31 Definitive zirconia-based crown

F IGURE 30 Situation 3 months postoperatively

GAMBORENA ET AL. 167
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position as indicated by a silicone matrix. The advantage of using the

same provisional crown is that it already features all necessary ana-

tomical, functional, biological, and esthetic parameters (Figure 22).

After the provisional restoration was relined, the crown-abutment

complex was removed and polished. Figure 23 depicts radiographic

verification of proper implant and abutment placement.

2.8 | Connective tissue graft from tuberosity

Several studies have demonstrated the benefits of placing sub-

epithelial connective tissue grafts (CTG) after implant insertion, espe-

cially when the implant is placed immediately. This, interestingly,

applies to all tissue phenotypes.34-39 Placing the CTG at the end of

the immediate implant procedure allows for proper control of the

space around the abutment. It also avoids contamination and desicca-

tion of the graft.

Varying results on the amount of stability and resorption of CTGs

over time have spurred evaluations of various CTG donor sites. Tradi-

tionally, the palate was the preferred connective tissue donor site due

to its abundance of tissue and relatively easy access.40 Limiting

anatomical structures on the palate, great variations in thickness, and

significant patient discomfort are some of the reported disadvan-

tages.41-45 Another CTG donor site is the maxillary tuberosity,46-48

F IGURE 32 A perforation was created on the palatal aspect to
access the abutment screw

F IGURE 33 The crown was bonded onto the abutment with
composite resin, following the proper bonding protocols

F IGURE 34 Intraoral palatal view 2 years postoperative

F IGURE 35 Intraoral frontal view 2 years postoperative
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which is less favored due its more complicated surgical access.

However, patient discomfort is less compared to palatal donor aeras.

In addition, tissue thickness is typically greater and more consistent

among patients. Unlike palatal subepithelial connective tissue, it is

denser due its higher collagen fiber content and contains less fat,

making it less prone to postoperative resorption. The high degree of

density and, therefore, compromised vascularization make it neces-

sary to cover the TCTG completely with a flap to prevent

necrosis.49,50

Figure 24 depicts circular placement of a TCTG, filling the space

around the concave-shaped implant abutment (Figure 25). The TCTG

was covered with soft-tissue and stabilized with a suture to the buccal

flap to prevent any exposure (Figure 26). The relined provisional res-

toration was inserted with a provisional cement (Figure 27).

2.8.1 | Healing phase and final insertion

The postoperative clinical situation and healing, as documented after

15 days (Figure 28) and 3 months (Figure 29), did not reveal any

adverse events. A CBCT taken at 3-month follow-up demonstrates

stable peri-implant conditions (Figure 30).

After a healing phase of 3 months, the definitive crown was fabri-

cated (Figure 31) and perforated on the palatal aspect to allow access

to the angulated screw channel (Figure 32). It was adhesively bonded

to the definitive abutment with composite resin following common

zirconia-bonding protocols, which include air-particle abrasion and

application of a special zirconia primer (Figure 33).51 The screw access

opening was closed with composite resin. Figures 34 and 35 demon-

strate the intraoral clinical situation 2 years postoperatively. The peri-

apical radiograph (Figure 36) and CBCT (Figure 37) taken during the

same visit do not reveal any complications.

CBCTs of virtual implant planning and realization after placement

of the implant and the definitive restoration are depicted in Figure 38.

3 | DISCUSSION

The protocol for immediate implant placement and restoration in the

esthetic zone described in this article serves as a clinical guide for the

practitioner. Immediate implant placement and loading have demon-

strated excellent long-term success rates.4-8 It was shown that, in gen-

eral, oral wellbeing was significantly better after implant therapy, but

that patient satisfaction was particularly greater when implants were

loaded immediately.52

Among the greatest challenges, however, is that in the esthetic

zone even the slightest changes can have devastating consequences.

These problems are magnified in younger patients, where treatment

outcomes should be expected to last for many years or even decades.

Progressing soft- and hard tissue recessions are often difficult to man-

age and even if they can be grafted, the more surgical interventions

F IGURE 36 Periapical radiograph at 2-year follow up

F IGURE 37 CBCT of the implant at 2-year follow up
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are done, the more challenging they become due to the increase in

less vascularized scar tissues. And then there are the compromising

effects of continuous maxillary growth can have on the long-term sta-

bility of the esthetic result.53,54 These effects include movements and

further eruption of teeth next to the implant, causing asymmetries

that are often difficult to correct, some severe cases even requiring

implant removal. Such cases have become more prevalent in recent

years due to the greater number of implants placed and longer avail-

able follow up times. As a result, the minimal age recommendations

for implant therapy trend to go up.

To increase predictability and limit the occurrence of detrimen-

tal events, several new immediate implant protocols, such as the

socket-shield technique, have been introduced more recently.55-57

However, there are two important factors to consider before

implementing new concept into the daily practice. First, many of the

suggested techniques are highly technique sensitive and there is evi-

dence that implant success is directly correlated to the surgeon's

technique, skill, and judgment.58 It is, therefore, recommended to

become well familiarized with any newly adapted technique and,

ideally, practice it on a model before using it for the first time in a

patient. Second, a single technique should not be applied without

being integrated in a complete and comprehensive concept. There

are numerous alternative techniques to the ones described and illus-

trated in this article. However, the proposed concept incorporates a

sequence of consecutive techniques, which build on one another.

While adaptations to each individual patient situation are always

necessary, major aberrations or changes in sequence may compro-

mise the desired outcomes.

The suggested techniques and materials were discussed based

on the existing scientific evidence. As technologies are constantly

evolving and further clinical research becomes available, the pro-

posed immediate implant concept is expected to be revised and

updated in the future to best serve the needs and expectations of

our patients.

4 | CONCLUSIONS

Immediate implant placement and restoration in the esthetic zone

requires thorough planning and meticulous execution in the proper

sequence. Each one of the critical steps discussed in this article has its

own importance and challenges, which are critically assessed based

on the current scientific evidence to achieve the desired clinical out-

comes on a predictable and consistent basis.
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