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SECTION 4 Implant Surgery

Esthetic Implant Dentistry: Diagnosis 
and Treatment Planning
SAJ JIVRAJ, MAMALY RESHAD

Introduction

Achieving esthetics with implant restorations is significantly 
more challenging than with conventional restorations. 
Diagnosis and appropriate treatment planning are critical 
in obtaining a successful outcome. Implant concepts have 
undergone a significant evolution,1,2 not only in terms of 
designs, materials, and surfaces but also in clinical and tech-
nical management. Clearer understanding of the soft tissue 
and bone responses to implants enables the clinician to bet-
ter plan the esthetic outcomes of implant treatment.

Providing an esthetic outcome requires understanding of 
the objective and subjective criteria related to hard and soft 
tissue esthetics.3,4 Ceramists can often produce restorations 
to match adjacent teeth in terms of color, but if the sur-
rounding tissues are not reconstructed, an esthetic outcome 
is not likely (Figures 26-1 and 26-2). The ultimate aim is for 
the implant restoration to harmonize into the frame of the 
smile, face and, more importantly, the individual.

The predictability of the esthetic outcome of an implant 
restoration is dependent on many variables including, but 
not limited to:
 1.  Patient selection and smile line
 2.  Tooth position
 3.  Root position of the adjacent teeth
 4.  Biotype of the periodontium and tooth shape
 5.  The bony anatomy of the implant site
 6.  The position of the implant

Patient Selection and Smile Line

Patients’ esthetic expectations must be evaluated together 
with their lip activity and lip length.5 A high smile line 
poses considerable challenges when planning for implant 
supported restorations in the esthetic zone because the 
restoration and gingival tissues are completely displayed. 

In these types of clinical situations maximal effort toward 
maintaining peri-implant tissue support throughout the 
planning, provisional, surgical, and restorative phases will 
be required.

The low smile line is a less critical situation because 
the implant restoration interface will be hidden behind 
the upper lip. However, this cannot be assumed, and the 
patient’s input must be sought to confirm this.

Tooth Position

The tooth needs to be evaluated in three planes of space: api-
cocoronal, faciolingual, and mesiodistal. The existing tooth 
position will significantly influence the presenting gingival 
architecture. In many instances, teeth with a poor progno-
sis are thoughtlessly extracted. These teeth can significantly 
influence both the hard and soft tissue configuration.

Apicocoronal

Assessment of the apicocoronal position of the tooth may 
show it to be more apical, more coronal, or ideal and mim-
icking the level of the adjacent gingival margin. Numerous 
authors have shown that following extraction and inser-
tion of an ovate pontic there is likely to be up to 2 mm of 
gingival recession,6 and on extraction and placement of an 
implant immediately the migration of the gingival margin is 
likely to approximate 0.2 mm.7

Thus, if there is a hopeless tooth positioned ideally or 
apically that is extracted, the gingival margin is likely to 
migrate apically. Restoratively, long clinical crowns, pink 
porcelain, or visible metal margins will compromise the 
esthetic outcome. These teeth can benefit from orthodontic 
extrusion (Figures 26-3, 26-4, and 26-5) prior to extrac-
tion, which will serve to position the gingival level at a more 
harmonious level.8,9
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It is the author’s opinion that a cone beam scan should 
be taken of the area of concern. There must be sufficient 
bone labial to the tooth for orthodontic extrusion to be 
effective.

Faciolingual

In this dimension the tooth position may present with 
different concerns. The tooth may be positioned too far 
facially, which often results in very thin or nonexistent 
labial bone. These teeth are not good candidates for orth-
odontic extrusion because of inadequate underlying bone. 
Extraction of these teeth results in significant vertical bone 
loss and collapse of the gingival architecture. This type of 
situation benefits from bone and soft tissue augmentation 
procedures prior to implant placement. A tooth positioned 
more lingually benefits from the presence of an increased 
amount of facial bone. This situation is more favorable prior 
to extraction because the resultant discrepancy in the facial 
free gingival margin may be minimal.8,10

Mesiodistal

The proximity of the adjacent teeth necessary to provide 
proximal support and volume of interdental papillae should 
be evaluated. Ideally, the mesiodistal tooth width should be 
equal to that of the contralateral tooth so that an esthetic out-
come can be achieved (Figures 26-6 and 26-7). Excesses or 
deficiencies in this dimension should be addressed through 

• Figure 26-1 Implant restoration utilizing pink ceramics. Although the 
patient was satisfied, this could only be achieved in a patient with a 
low smile line.

• Figure 26-2 Patient’s smile; transition line is hidden. (Lab work by 
Jungo Endo, CDT).

• Figure 26-3 Orthodontic extrusion is utilized to overcompensate 
and bring tissue level more coronally.

• Figure 26-4 Implant is placed in adequate bone volume.

• Figure 26-5 Provisional restoration is used to sculpt tissue levels. 
Patient is left in a provisional restoration for 3 to 6 months.
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the use of orthodontics, enameloplasty, or restorations. For 
patients with diastemas, it is imperative that the decision 
to maintain or close the space be made prior to implant 
placement. If the patient refuses these presented options 
to close the space and insists on closing the space with the  
implant restoration, there is a likelihood that a black triangle  
may ensue. This results from inadequate support from the 
adjacent tooth to maintain the papilla. It is important that 
the clinician discusses this with the patient ahead of time to 
avoid disappointment with the final outcome (Figures 26-8, 
26-9, and 26-10).

Root Position of the Adjacent Teeth

Part of the diagnostic work for patients who need implants 
is a periapical radiograph, because root position often will 
preclude placing of implants. Many of these patients can 
benefit from orthodontics to reposition malposed teeth.

Teeth with root proximity also possess very little inter-
proximal bone. This thin bone creates a greater risk of lateral 
resorption, which will decrease the vertical bone height after 
extraction or implant placement. When teeth are present, 

the use of orthodontics serves as a valuable adjunct to cre-
ate space. This can be advantageous for support of proximal 
gingival architecture.11,12

Biotype of Periodontium and Tooth Shape

The position of the gingival tissue around a tooth is deter-
mined by the connective tissue attachment and the bone 
level. Two periodontal biotypes have been described in 

• Figure 26-6 The space of the tooth being replaced should be equal 
to the contralateral tooth.

• Figure 26-7 Esthetic integration can be achieved with symmetry. 
Implant restoration in upper right central incisor.

• Figure 26-8 Patient was going to lose central incisors but also 
wanted diastema between anterior teeth closed.

• Figure 26-9 Implants placed in central incisor region.

• Figure 26-10 Bonded porcelain restorations used to close  diastema.
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relation to the morphology of the interdental papilla and 
osseous architecture: the thin, scalloped periodontium and 
the thick, flat periodontium.13

The thin, scalloped periodontium, found in less than 
15% of cases, is characterized by a delicate soft tissue cur-
tain, a scalloped underlying osseous form, and often has 
dehiscence and fenestrations present and a reduced quantity 
and quality of keratinized mucosa. Generally, interproximal 
tissue does not completely fill the space between adjacent 
teeth. This form of gingiva reacts to insults by receding 
facially and interproximally. As recession occurs and the 
inter-root bone resorbs, the subsequent soft tissue loss com-
promises the overall esthetic result (Figure 26-11).

The tooth form in this type exhibits a contact point 
toward the incisal third, essentially triangular anatomic 
crowns, and contact areas of teeth that are small faciolin-
gually and apicocoronally. Due to extreme taper of the 
roots, the interproximal bone tends to be thicker.

Characteristics of the soft tissue biotype will play a 
prominent role in final planning for the shoulder position 
of the implant. A thin biotype with highly scalloped tissue 
requires the implant body and shoulder to be placed more 
palatal to mask any titanium show-through. When implants 
are placed toward the palate, a slightly deeper placement is 
required to allow for proper emergence profile.

The combination of factors in a patient with a high lip 
line and a thin biotype is extremely difficult to treat. Patients 
who fit into these treatment categories should be made 
aware of the challenges involved in obtaining an esthetic 
result before treatment begins.

The thick, flat periodontal biotype is characterized by a 
denser, more fibrotic soft tissue curtain; a flat, thicker under-
lying osseous form; and an increased quantity and quality 
of attached keratinized gingiva. This tissue often reacts to 
insults by pocket formation. Flat gingiva is associated with a 
tooth form that is more bulbous, with contact areas located 
more toward the middle third of the tooth, primarily square 
anatomic crowns, and contact areas that are wide faciolin-
gually and apicocoronally (Figure 26-12).

Tooth morphology appears to be correlated with the soft 
tissue quality. The triangular tooth shape is associated with the 

scalloped and thin periodontium. The contact area is located 
in the coronal third of the crown, underlining a long and thin 
papilla. The square anatomic crown shape combines with a 
thick and flat periodontium. The contact area is located at the 
middle third, supporting a short and wide papilla.

Loss of interproximal tissue in the presence of a trian-
gular tooth form will display a wider black triangle than in 
a situation where a square tooth is present. In some cases 
when the adjacent teeth are to be restored, the crown form 
can be modified prosthetically to compensate for partial 
interproximal tooth loss. The contact area of the prosthetic 
tooth is positioned more cervically, reducing the volume of 
the interdental space.

The presenting tooth shape will also influence the implant 
restoration shape. The implant restoration should mimic its 
contralateral natural tooth coronal to the free gingival mar-
gin. However, apical to the free gingival margin the implant 
restoration will not be an anatomic replica. A delicate bal-
ance must be developed that provides adequate support of 
the gingival architecture yet does not provide excessive pres-
sure. The subgingival contour of the restoration must take 
into account the existing height of the free gingival mar-
gin and its comparison with the contralateral tooth. If the 
existing free gingival margin is apical, a concave subgingival 
contour is encouraged to allow the soft tissue to drape more 
coronally (Figure 26-13). If the existing free gingival margin 
is more coronal, a fuller subgingival contour is required to 
push the soft tissue more apically.

Bony Anatomy of the Implant Site

For successful esthetic restoration of implants, the bony hous-
ing must have a three-dimensional configuration that permits 
placement of an implant in a restoratively ideal position.14 If 
the bony anatomy is inadequate, a bone grafting procedure 
may be required to enhance the site. When these situations 
are encountered the patient must be made to understand 
that a successful outcome will involve more than just replac-
ing a “missing tooth.” The patient must understand that the 
missing hard and soft tissue architecture also will need to be 
rebuilt so that optimum esthetics can be achieved.

• Figure 26-11 Patient showing thin biotype. • Figure 26-12 Patient showing thick biotype.
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The definitive implant restoration needs to be sur-
rounded by a hard and soft tissue environment that is in 
harmony with the surrounding dentition. It is not only the 
amount of bone and soft tissue present prior to implant sur-
gery, but also the precision of surgical execution that leads to 
an overall favorable outcome. Several key analyses must be 
performed prior to commencing with implant placement. A 
diagnostic wax-up, which highlights tissue deficiencies and 
final tooth positioning, can assist in the planning process 
(Figure 26-14).

Faciolingual ridge anatomy should be evaluated to deter-
mine if there is sufficient crest width to house the implant. 
Deficient alveolar crest width will require a bone augmen-
tation procedure to allow the implant to be placed in the 
ideal position. A cone beam scan can assist in diagnosing 
deficiencies in this dimension.

Mesiodistal space should be equal to that of the contra-
lateral tooth; excess or deficiency in this dimension need to 
be addressed through orthodontics, enameloplasty, or resto-
ration either prior to or after implant placement.

The most critical dimension remains the apicocoronal 
dimension. Deficiencies in this dimension can result from 
periodontal disease, trauma, atrophy, and infection. Vertical 

grafting is complex and the site may require several surgeries 
to achieve an optimal configuration.

Two anatomic structures are important in determining 
predictability of soft tissues after implant placement. The 
first is the height and thickness of the facial bony wall and 
the second is the bone height of the alveolar crest in the 
interproximal areas.

Height and Thickness of Facial Bony Wall
The position of the osseous crest is an important predic-
tor for gingival levels. A survey of 100 patients15 classified 
patients as having high, normal, or low crests based on the 
vertical distance of the osseous crest to the free gingival 
margin. The greater the distance from the osseous crest to 
the free gingival margin, the greater the risk of tissue loss 
after an invasive procedure. Kois proposed that if the total 
vertical distance of the total dentogingival complex on the 
midfacial aspect is 3 mm, a slight apical loss of tissue up to 
1 mm is anticipated after extraction and immediate implant 
placement. Greater or lesser than 3 mm indicates the change 
will be relatively negligible to more than 1 mm. Measuring 
the distance from the free gingival margin to the osseous 
crest prior to extraction is an important diagnostic predictor 
of the anticipated final position of the free gingival margin 
(Figures 26-15 and 26-16).

Height of Bony Crest in the Interproximal Area
The interproximal bony crest plays a critical role in the pres-
ence or absence of peri-implant papillae. A clinical study 
measured the distance from the interproximal contact to 
the vertical height of bone and observed how frequently the 
interproximal space was filled completely by soft tissue.11 
When the contact point to the bone was 3 to 5 mm, papilla 
always filled the space. When the distance was 6 mm, papilla 
was absent 45% of the time and with a distance of 7 mm, 
papilla did not fill the space 75% of the time.

A difference of 1 to 2 mm is significant in obtaining soft 
tissue esthetics. This has been confirmed with implant sup-
ported restorations,16 and multiple authors have also shown 
that the height of peri-implant papillae in single tooth gaps is 

• Figure 26-13 A concave subgingival contour allows tissue to drape 
more coronally.

• Figure 26-14 A diagnostic wax-up should replace missing tooth and 
tissue so the treating clinician can anticipate the esthetic challenge.

• Figure 26-15 Sounding to the bone gives the clinician an indication 
of how much tissue recession will occur after extraction.



396 SECTION 4  Implant Surgery

independent of the proximal bone level next to the implant but 
is dependent on the interproximal bone height of the adjacent 
teeth. From a diagnostic perspective, sounding from the tip of 
the papilla to the interproximal bone crest of the adjacent tooth 
is an important predictor. If this distance is 5 mm or less there 
is an increased likelihood that the interproximal tissues will be 
predictably maintained following implant placement and res-
toration. If the distance is greater than 5 mm the papilla cannot 
be predictably maintained after surgical intervention.

Implant Position

Esthetic implant placement is driven by both a restorative 
and biological philosophy. Esthetically, the implant should 
be placed to satisfy the parameters of contour so that the 
restoration is pleasing. Biologically, it should be placed to 
allow maintenance of both hard and soft tissue architecture. 
If the tooth to be replaced has not yet been removed, several 
determinations should be made prior to the extraction.

Placing the implant immediately after extraction helps to 
shorten the treatment time and may reduce the amount of 
ridge width reduction that accompanies tooth extraction. In 
addition, if bone deficiencies are present, orthodontic erup-
tion of the tooth prior to extraction can help to increase the 
amount of hard and soft tissue in the future implant site.17

In most situations involving a single anterior implant res-
toration, esthetic considerations are more important than 
functional considerations. As such, axial loading is not as 
critical as it is with posterior implant restorations. Implant 
position is critical to the final esthetic outcome and should 
be considered in all three dimensions and in relation to the 

adjacent teeth. Misalignment of the implant in the pros-
thetic space can have adverse esthetic consequences.

Apicocoronal Placement

Apicocoronal positioning appears to be the most critical aspect. 
Deficient tissue in this dimension can result from several fac-
tors, and this type of tissue must be addressed during treatment 
planning. Because of the complexity of vertical hard and soft 
tissue grafting, these patients are placed in a high-risk group.

Most often tooth loss is followed by bone loss of minor 
or major importance. It is necessary to evaluate the discrep-
ancy between the bone level at the proposed implant site 
and the level at the adjacent teeth. Too large a difference 
represents a risk to both periodontal and peri-implant tis-
sue health. In this case, the surgeon should consider recon-
structing the ridge prior to implant placement.

The apicocoronal positioning of the implant is the verti-
cal discrepancy between the occlusal surface of the implant 
and the peaks of the bony septa proximal to the adjacent 
teeth; the most pleasing esthetic result occurs when this dis-
crepancy is minimal.

To obtain appropriate apicocoronal positioning of the 
implant a diagnostic wax-up should be completed and from 
this a surgical guide is made. The emergence profile and 
the shape of the restoration are reproduced on the guide to 
verify the implant positioning on placement.

A maxillary central incisor measures on average 7 to 8 
mm mesiodistally and 6 mm faciolingually at the emergence 
from the soft tissue. A 4.0-mm implant needs to be placed 
3 to 4 mm apical to the gingival margin of the contralateral 
tooth to allow the restoration to emerge with a natural pro-
file. A vertical distance of 3 to 4 mm is needed for gradual 
transition from the 4-mm diameter of the implant platform 
to the 7 to 8 mm dimension at the gingival margin. If a 
lateral incisor were being replaced, the implant would not 
have to be placed so apically because the average diameter of 
the crown at the gingival margin is 5 mm and less room is 
required for transition (Figure 26-17).

Situations in which there is excess tissue height also 
require attention. In these types of patients a bone scallop-
ing procedure is required to allow placement of the implant 
shoulder in a subgingival position; once again, the most effi-
cient way to examine this is through a surgical guide high-
lighting the proposed gingival margin.

Errors in apicocoronal implant placement can have seri-
ous esthetic and biomechanical implications. An implant 
placed too coronally will not allow adequate transition from 
the head of the implant to the point where the restoration 
exits from the free gingival margin. The restoration will look 
short in comparison to the contralateral tooth. The only 
prosthetic “bailout,” for this type of situation is to provide a 
ridge-lapped restoration with contours that are pleasing to 
the observer’s eye but may have long-term repercussions on 
the health of the soft tissue (Figure 26-18).

Problems can also result when implants are placed too 
apically. Clinically, if an implant is placed too apically 

• Figure 26-16 Radiograph of patient in Figure 26-15, showing bone 
loss. The clinician cannot anticipate that papilla will be maintained in 
this situation and must consider utilizing a long contact area to disguise 
the loss of tissue.
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with excessive countersinking procedures, an unnecessary 
amount of bone loss will occur (Figure 26-19). Because this 
bone loss takes place circumferentially it will affect not only 
the proximal bone structure but also the height of the facial 
bone wall, and can lead to undesirable soft tissue contours.

A practical problem in placing an implant too deeply 
is access for instrumentation. Making an impression of a 
deeply placed implant can be a difficult experience ( Figure 
26-20); the soft tissue tends to collapse, there is tissue 
impingement when trying to locate the head of the implant, 
and seating is difficult to evaluate. This is specific to external 
hex systems.

If an implant is placed too deep, a screw-retained 
 restoration is the treatment of choice. The literature shows 
that removing all the cement when an implant is placed 
so deeply can prove to be a difficult endeavor. Agar et al.18 
found that when six experienced investigators were asked to 
remove cement there was a surprising amount of cement left 
behind; this can lead to serious soft tissue complications.

Mesiodistal Placement

Improper mesiodistal positioning of implants can have a sub-
stantial effect on the generation of interproximal papillary sup-
port as well as on the osseous crest of the adjacent tooth. An 
implant should be placed 1.5 mm to 2 mm from an adjacent 
tooth. Placement too close to the adjacent tooth can cause 
resorption of the interproximal alveolar crest to the level of that 
on the implant.19 With this resorption comes a reduction in 
papillary height. Restorative problems exist as well. Poor embra-
sure form and emergence profile will result in a restoration with 
a long contact zone and compromised clinical outcomes.

The loss of crest height on adjacent teeth is caused by circum-
ferential bone loss routinely found around the implant shoulder 
in implants. This has two dimensions, horizontal and vertical. 
Radiographs only demonstrate the horizontal aspect of the bone 
loss; the proximal bone loss measures 1 to 1.5 mm from the 
implant surface. This distance must be respected on implant 
placement to prevent vertical bone loss on adjacent teeth.20

Faciolingual Placement

The crest width must be examined to determine the pres-
ence or absence of bone atrophy. Placement will vary 

• Figure 26-17 Ideal placement of the implant should be 3 to 4 mm 
apical to the free gingival margin.

• Figure 26-18 If the implant is placed too shallowly, a ridge lap may 
be required on the facial, which may compromise soft tissue health.

• Figure 26-19 Too deep an implant placement can cause instrumen-
tation problems for the treating clinician.

• Figure 26-20 Too deep an implant placement can also jeopardize 
the health of the adjacent teeth.
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depending on the mechanism of retention of the final 
restoration (screw retained versus cement retained). Defi-
cient alveolar crest width may require augmentation so that 
the implant can be positioned in the correct faciolingual 
position.

Computerized tomographic scan techniques are useful 
in assisting to determine width. The amount of bone avail-
able should be at least 1 mm greater than the implant diam-
eter on each side. Hence a 4-mm diameter implant would 
require 6 mm of bone. The single implant placed in the 
maxillary anterior region should be situated palatal to an 
imaginary line that outlines the curve of the arch formed 
by the facial surfaces of the adjacent teeth (Figure 26-21). 
Implants placed too palatally complicate development of 
hygienic contours (Figures 26-22 and 26-23). Implants are 
often mistakenly placed too facially. This error can result 
in excessive resorption of the supporting osseous structure, 
resulting in a restoration that will appear long in compari-
son to the contralateral tooth. From a prosthetic perspec-
tive, this clinical scenario requires use of custom abutments 
in the provisional and definitive phases of the restorations 
(Figures 26-24 through 26-28).

Strategies to Reduce Bone Loss Around 
Implants

Clinicians have often questioned the reasons for small 
changes in crestal bone height following implant restoration. 

• Figure 26-21 Ideal faciolingual placement of the implant.

• Figure 26-22 Implants placed too palatally will result in biomechani-
cal compromise.

• Figure 26-23 Contours of the restoration must be designed so they 
are cleansable. Note the facial cantilever.

• Figure 26-24 Implant placed too deep and too facially.

• Figure 26-25 A customized acrylic abutment is fabricated for pro-
visional restoration.
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Several theories exist as to the observed changes in crestal 
bone height. Among them are:
 1.  Surgical trauma
 2.  Stress concentration at the coronal region of the implant 

when implants are placed into function21

 3.  Bacterial leakage due to configuration and position of the 
implant-abutment microgap22

 4.  Localized inflammation at the implant-abutment inter-
face23

 5.  Biological width theory whereby the soft tissue attempts 
to establish a mucosal barrier around the coronal aspect 
of the implant24

 6.  Micromovement of the prosthetic components
 7.  Repeated screwing and unscrewing of the abutment25

 8.  Implant neck geometry
 9.  Presence of infection

Implant companies have attempted to address the causes 
of bone loss and have incorporated design features to 
attempt to minimize it. Clinicians have also varied implant 
placement techniques to maximize bone preservation. Fea-
tures to minimize bone loss include:
 1.  Altering the implant neck design
 2.  Microthreads at the coronal aspect of the implant
 3.  Altering implant surface characteristics
 4.  Altering the diameter of implant used
 5.  Use of one-piece implants
 6.  Placing implants in relation to the alveolar crest7

 7.  Platform switching

Altering Implant Neck Design
There is no evidence to show that marginal bone preserva-
tion is improved by altering the marginal neck geometry. 
Bateli et al.26 performed a systematic review that included 
changes in implant neck length and design, implant sur-
face characteristics, implant diameter, and/or insertion 
depth; the addition of microthreads; the use of one-piece 
implants; and the concept of platform switching. After 
subsequent filtering, 20 studies were finally selected and 
involved the following methods: the use of microthreads (1 
study); modifications in implant surface characteristics (11 
studies), implant diameter (4 studies), or insertion depth 
(2 studies); the use of one-piece implants (3 studies); and 
platform switching (1 study). Because of the heterogene-
ity of the studies, it was not possible to analyze the data 
statistically. No evidence was found regarding the effective-
ness of any specific modification in the implant neck area 
in preserving marginal bone or preventing marginal bone 
loss. They concluded that current literature provides insuf-
ficient evidence about the effectiveness of different implant 
neck configurations in the preservation of marginal bone. 
Long-term randomized controlled clinical trials are needed 
to elucidate the effects of such modifications.

Microthreads at the Coronal Aspect of the Implant
Microthreads have been added in the implant neck area 
by manufacturers, their purpose being to distribute the 
forces around an implant when an implant is under func-
tional load and also to increase the bone-to-implant con-
tact. Commercially available implant systems employing 
this modification present a pitch distance of 0.185 mm 
between threads. A five-year prospective study by Palmer 
et al.27 looked at Astra-tech implants with microthreads. 
The mean marginal bone loss in the study was 0.39 mm 
after 5 years, which is much lower than the original 

• Figure 26-26 Provisional restoration fabricated.

• Figure 26-27 The cement margin should follow the contour of the 
tissue.

• Figure 26-28 Provisional restoration in place.
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machined surface external hex implants. However, the 
research did not specifically isolate this design feature, so 
the conclusion cannot be made that the microthreads were 
responsible for the bone preservation.

Implant Surface Characteristics
There have been many modifications of the implant surface 
in an attempt to increase bone-to-implant contact. Tech-
niques such as oxidizing, sandblasting, and acid etching 
have been employed to accelerate the process of osseointe-
gration. The rough surface implants do have a better osteo-
conductive capacity than the machined implants and have 
improved bone-to-implant contact.28

Surfaces have been compared to determine if a rougher 
surface resulted in better bone maintenance of bone around 
dental implants. Wennstrom et  al.29 compared implant 
groups with the same implant design that differed only in 
their surface characteristics. Their conclusion was that no 
significant difference was attributable to the enhanced sur-
face. There is no evidence to support marginal bone preser-
vation for any specific surface modification.

Implant Diameter
Wide diameter implants were designed to be placed in com-
promised situations where available bone height and quality 
were limited. Manufacturers suggested that wide diameter 
implants may exhibit less horizontal bone resorption than 
regular diameter implants. It was claimed that increasing 
the diameter of the implant would decrease the stress and 
strain on the alveolar crest and lead to less bone loss. Iva-
noff 30 showed that 5-mm diameter implants demonstrated 
the highest failure rates in comparison to 3.75-mm and 
4.00-mm implants. Long-term randomized controlled trails 
with split-mouth designs are needed to substantiate the 
claim that wide diameter implants are effective in preserva-
tion of marginal bone levels.

One-piece Implants
A one-piece implant is defined as an implant in which the 
bone anchoring portion, the soft tissue traversing portion, 
and the prosthetic abutment are all in one piece.31 The the-
ory behind one-piece implants is that they are placed in a 
one-stage surgery and therefore bypass the two-stage proce-
dure, avoiding further manipulation of the soft and the hard 
tissues, and are supposed to eliminate the implant abutment 
microgap. It was claimed that the elimination of the micro-
gap through the use of one-piece implants resulted in less 
bone loss.32 Other studies have shown no difference in bone 
loss when a two-piece implant system was compared to a 
one-piece implant system.33 Currently the evidence is not 
clear if one-piece implants serve an advantage over two-
piece implants in terms of bone maintenance.

Insertion Depths
Clinicians have altered the placement of two-piece implants 
at varying locations with respect to the gingival margin and 
marginal bone levels to determine if this has an influence 

on bone loss. Callan et al.34 suggested that more bone loss 
was associated with implants where the implant abutment 
interface is placed below the gingival margin. Hartman 
and Cochran35 found a relationship between the amount 
of bone remodeling and the location of the rough-smooth 
border placed at or near the alveolar crest. Although these 
studies provide us with some information, the possible 
interference of surface modifications in the studies referring 
to insertion depth makes it difficult to draw any reliable 
conclusions about the outcome of the varying locations of 
the implant abutment interface in two-piece implants with 
respect to the gingival margin or alveolar crest.

Platform Switching
This concept refers to the inward horizontal repositioning of 
the implant abutment junction so that it is positioned away 
from the outer edge of the implant and adjacent bone. Laz-
zara and Porter36 introduced the concept by using standard 
diameter components on wide platform implants. They found 
a reduction of the expected postrestoration crestal bone remod-
eling in comparison to the “standard” implants. There are mul-
tiple theories as to why the platform-switching concept works.

The Biomechanical Theory
Connecting the implant to a smaller diameter abutment may 
limit bone resorption by shifting the stress concentration zone 
away from the crestal bone–implant interface and directing 
the forces of occlusal loading along the axis of the implant.

The Biologic Width Theory
Shifting the implant-abutment connection may medialize 
the location of the biologic width and minimize the mar-
ginal bone resorption. Placing the IAJ at or below the crestal 
bone level may cause vertical bone resorption to reestablish 
the biologic width.

The Inflammation at IAJ Theory
This theory postulates that bone resorption is caused by 
an inflammatory infiltrate at the IAJ. The presence of peri-
implant microbiota was suggested to influence the crestal 
bone resorption by maintaining the inflammatory cell 
infiltrate at the IAJ. The physical repositioning of the IAJ 
away from the outer external edge of the implant and neigh-
boring bone may limit bone resorption by containing the 
inflammatory cell infiltrate within the angle formed at the 
interface away from the adjacent crestal bone.

The question becomes, does platform switching influ-
ence bone remodeling? Canullo et al.37 placed 22 implants 
of 5.5-mm diameter immediately in extraction sockets in 
the maxilla. They were randomly divided where 11 implants 
were connected with 3.8-mm diameter abutments and 11 
implants had 5.5-mm diameter abutments. The follow-up 
was 25 months. What they found was lower crestal bone 
loss in the platform-switched group compared to the non-
platform-switched. They also found a wider and more resis-
tant zone of connective tissue in the platform-switched 
group compared to the platform-matched group.
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Hurzeler et  al., Atieh et  al., and Rodriguez-Ciurana 
et al.38,39,40 found similar results supporting the platform-
switching concept. The conclusions from these studies were 
that the biologic width around platform-switched implants 
is located more coronally and there is a reduction in the 
vertical and horizontal components of bone loss.

Just as there are many studies supporting the concept 
there are many studies refuting the claim that platform 
switching actually works. Studies by Baffone et al., Batelli 
et al., Enkling et al., Van Steenbergh et al., and Jacobs et al. 
question the platform-switching concept.41-44 Conclusions 
from their studies included:
 1.  Geometry of the implant abutment connection was of lim-

ited importance in preservation of hard and soft tissues.
 2.  No evidence in a meta-analysis showed that the implant 

neck configuration contributed to preservation of mar-
ginal bone level, and marginal bone loss occurred regard-
less of all the efforts to eliminate it.

 3.  Bacterial colonization can occur as a consequence of 
leakage at the IAJ or as a result of contamination during 
implant placement.

 4.  A split-mouth design comparing Astra Tech and Brane-
mark implants showed that there was no significant dif-
ference in probing depths, presence of plaque, or change 
in marginal bone level.

 5.  Mean radiographic bone loss after the first year was small 
and was less than 0.5 mm for both implant systems up to 
15 years after prosthetic loading.
There are many causes of bone loss around dental 

implants and many clinicians have studied various aspects 
of implant design in an attempt to reduce the bone loss 
that is seen. Manufacturers have attempted to incorporate 
all the features within their individual systems to aid cli-
nicians in achieving the ultimate in esthetics and biome-
chanics. The clinician’s goal is to produce a restoration that 
mimics nature. As our quest for perfect restorations con-
tinues, we must realize there still is much that is unknown 
and despite our best efforts to maintain bone, the bone 
loss is multifactorial and cannot be isolated to one aspect 
of implant design. Operator variables and systemic health 
of the patient will also influence the bone loss that is seen. 
As clinicians we can only utilize all the tools that are avail-
able to us in the hope that the bone will be maintained and 
this will ultimately result in a life-like restoration.

Considerations for Multiple Implants

Patients with extended edentulous spaces present greater 
anatomic and esthetic challenges, making it even more dif-
ficult to obtain an esthetic result with certainty. Follow-
ing extraction and wound healing of two adjacent teeth, 
the ensuing apical and faciolingual resorption results in an 
edentulous segment that is flattened. The same diagnostic 
considerations need to be addressed as when looking at sin-
gle-tooth edentulous sites.

The aim prior to implant placement is to have a three-
dimensional configuration of hard and soft tissue, which 

will allow placement of implants in an ideal position. The 
placement of two missing central incisors poses an addi-
tional challenge. Following surgical placement, additional 
peri-implant bone remodeling takes place. In the frontal 
plane, two processes occur: one between the implant and 
the adjacent natural tooth and one between the two adja-
cent implants.

On the tooth implant side, the predictability of the 
interdental papilla is governed by the height of the inter-
proximal bone crest of the tooth. If this height is favor-
able there is a good certainty that the interdental papilla 
will be maintained following implant placement. The bone 
crest between the two implants is likely to undergo further 
resorption in an apical direction. This is accompanied by a 
loss of inter-implant soft tissue that, in the case of multiple 
edentulous sites, will result in black triangles between the 
adjacent restorations.

Many clinicians have sought after the ideal implant dis-
tance required to maintain the interdental papilla. Tarnow 
et al.45 performed a radiographic study to address this clini-
cal problem. Radiographic measurements were taken at a 
minimum of 1 and 3 years after implant exposure. All radio-
graphs were taken with a paralleling technique. Radiographs 
were computer scanned and magnified for measurement. 
The following measurements were taken:
 1.  Lateral distance from the crest of the inter-implant bone 

to the implants
 2.  Vertical crestal bone loss
 3.  Distance between the implants at the implant/abutment 

interface
When implants were placed too close together, the bone 

remodeling overlapped to a great degree and consequently 
resulted in loss of vertical bone height and this subsequently 
had soft tissue implications. When implants were separated 
by 3 mm and greater, lateral bone loss from the adjacent 
implants did not overlap, with minimal resultant crestal 
bone loss.

They concluded that it is more difficult to create or 
maintain papilla between two adjacent implants than it is 
between an implant and a natural tooth. Their recommen-
dation was that when two implants are placed adjacent to 
each other in the esthetic zone a minimum of 3 mm of bone 
should be retained between them at the implant-abutment 
level. If implants are placed too close together this can 
compromise the contours of the restoration (Figures 26-29 
through 26-32).

This particular study addressed bone loss between the 
implants. It should be remembered that the bone loss has 
two dimensions, horizontal and vertical. Radiographs only 
demonstrate the horizontal aspect of bone loss. Bone loss 
occurs circumferentially around the implant and, when two 
implants are placed adjacent to each other, facial bone loss 
also occurs (Figure 26-33). This has implications in terms 
of stability of the facial gingival margin. If the implants are 
placed too far facially there will be less facial bone and this 
will ultimately result in apical migration of the free gingival 
margin (Figure 26-34).
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Tarnow et al.45 also performed a study to determine the 
height of the soft tissue to the crest of the bone between 
two adjacent implants. This was done independent of the 
location of the contact point. They looked at 136 inter-
implant papillary heights in 33 patients by eight examin-
ers. A standardized periodontal probe was used and placed 
from the height of the papilla to the crest of the bone. They 
found that the mean height of papilla between two adjacent 
implants was 3.4 mm, with a range of 1 to 7 mm.

Although this was a retrospective study and there were 
many variables such as operator, implant type, placement, 
and so forth, it did give us information that soft tissue 
between two adjacent implants in the esthetic zone is not 
entirely predictable. The patient must be aware of this when 
treatment planning or alterations must be made in the treat-
ment plan to provide an esthetic result.

Recreating interdental papilla between two adjacent 
implants is a formidable task. Restoratively, clinicians alter 
the position of the contact point to give the illusion of 

• Figure 26-32 Restorations fabricated with long contact area to dis-
guise loss of tissue.

• Figure 26-33 Implants ideally should be placed at least 3 mm apart; 
however, this must take into account the size of the anticipated teeth.

• Figure 26-34 Implants placed too facially will result in thinning of 
bone. Consequences can be tissue recession and loss of interproximal 
papilla.

• Figure 26-29 Implants placed too close together can compromise 
the contours of the restoration.

• Figure 26-30 Contours compromised mesial to both planned res-
torations.

• Figure 26-31 Implants placed too close together. Note loss of 
papilla and flattening of tissue.
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papilla. The thin spicule of bone remaining between the 
implants may be sufficient to maintain the papilla during 
the first few years of the restorations service but may resorb 
over time, resulting in loss of soft tissue.

To achieve a result that is as close to ideal as possible, 
two adjacent implants should be placed in a correct three-
dimensional position. If primary stability permits, provi-
sional restorations should be fabricated and the implants 
loaded the same day. The provisional restorations act as a 
scaffold around which the soft tissue heals. Particular atten-
tion should be paid to the subgingival contours of the res-
toration so as to not compress the tissue. Interproximal and 
occlusal contacts should also be relieved in the provisional 
phase. The patient should be given instructions to maintain 
a soft diet. Following healing, the soft tissue contours can 
be transferred to the laboratory technician at which time 
the definitive restorations can be fabricated (Figures 26-35 
through 26-43).

Another clinically challenging situation is replacement of 
a maxillary canine and adjacent lateral incisor. This becomes 
more challenging because the edentulous space is smaller 
and the inter-implant soft tissue tends to be less volumi-
nous. Consideration in this instance should be given to 
placement of a single implant in the canine region and can-
tilevering a lateral incisor from it. Placement of the implant 
should follow all the principles discussed previously.

Replacement of several missing teeth with implants 
allows for the use of fixed partial dentures and the oppor-
tunity to utilize pontic form to help support the soft tissue 
and give an illusion of papillae.

The authors have encountered many situations where a 
“one implant per tooth” philosophy has been utilized. This 
can be particularly detrimental in the esthetic zone. The 
literature is quite clear that maintaining papillae between 
implants is not predictable. Even with the advent of more 
sophisticated implant designs there are no long-term studies 
showing papilla maintenance. For an esthetic outcome, it is 
more predictable to place implants away from each other so 
that the intervening soft tissue can be sculpted to give the 
illusion of papilla. If the patient is missing maxillary lateral 
incisor to lateral incisor, there are many combinations of 

• Figure 26-35 Patient presented with two central incisors failing.

• Figure 26-36 Radiograph of patient in Figure 26-35.

• Figure 26-37 Teeth extracted and implants placed immediately into 
extraction sockets. (Surgery by Dr. Hooman Zarrinkelk.)

• Figure 26-38 Accurate pilot hole preparation is critical to correct 
three-dimensional placement of the implants.
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implant placement which can be considered. The clinician 
must look at the variables that will influence the esthetic 
outcome, which include but are not limited to the following:
 •  Ridge width
 •  Soft tissue volume
 •  Smile line

If there is an adequate volume of bone, placement of 
two implants in both lateral incisor regions and fabrica-
tion of a fixed partial denture, sculpting the intervening tis-
sue with ovate pontics is likely to produce an illusion of 
papilla, which will be more pleasing to the observer’s eye.46 
The diameter of implant selected will be relative to the bone 
width, with the clinician’s objective being to have a maximal 
amount of bone facial to the implant. This placement phi-
losophy can also be reserved for extended edentulous spans 
where esthetics is of paramount importance (Figures 26-43 
through 26-47).

Unfortunately, patients often present with existing eden-
tulous spaces where thickness of soft tissue is not optimal 
for ovate pontic development. In these situations alterna-
tive pontic designs have to be considered. Cascione et al.47 
introduced a novel design in which pontic site development 
is facilitated by scoring of the master casts in the pontic 
area. This allows compression of tissue and the topography 
of these sites is changed gradually with pressure. Provisional 
restorations are fabricated to test the soft tissue response, 
with the ultimate goal being optimum soft tissue health and 
pleasing esthetics. Once this has been satisfied, the definitive 
restoration is fabricated (Figures 26-48 through 26-61).

• Figure 26-39 Screw-retained acrylic provisional restorations are 
fabricated and delivered on the day of surgery. All occlusal and inter-
proximal contacts are relieved.

• Figure 26-40 Healing at one month.

• Figure 26-41 Sculpting of the interproximal tissue by the provisional 
restorations.

• Figure 26-42 Subgingival contour of definitive restorations is con-
cave to allow tissue to drape more coronally.

• Figure 26-43 Screw-retained single unit definitive restorations.
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Placement of implants in multiple edentulous spaces 
must follow the same principles as for single-tooth situa-
tions; placement must follow appropriate diagnosis and 
treatment planning, which includes a diagnostic wax-up 
and fabrication of a surgical guide to facilitate implant 
placement. If these techniques are not followed, it is all too 

easy to find implants in the wrong position, requiring utili-
zation of prosthetic strategies to satisfy the patient’s demand 
for esthetics. In situations like these, patient expectations 
are unlikely to be met.

• Figure 26-44 If bone dimensions allow, implants should be placed 
in the lateral incisor position.

• Figure 26-45 Note sculpting of pontic area. Abutments are 
designed so that margins follow contour of tissue to allow easier clean-
up of cement.

• Figure 26-46 Definitive four unit restoration; note excellent tissue 
response.

• Figure 26-47 Restoration must have ideal emergence profile.

• Figure 26-48 Patient presentation; two implants have been placed 
for an extended edentulous span.

• Figure 26-49 The edentulous span will require correct three-
dimensional positioning of the teeth.
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• Figure 26-50 Tissue is sounded. Note that there is insufficient tis-
sue to develop ovate pontics.

• Figure 26-51 Diagnostic wax-up completed.

• Figure 26-52 An outline is scribed on the cast.

• Figure 26-53 An occlusal view of the outline of the wax-up. The 
cast will be scored in this region.

• Figure 26-54 Cast is scored so that the provisional restoration will 
compress the tissue by 1 mm.

• Figure 26-55 Layered provisional restoration fabricated.
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• Figure 26-56 Provisional restoration on the day of delivery; note the 
blanching of tissue.

• Figure 26-57 Provisional restoration one month post-delivery.

• Figure 26-58 Note how provisional restoration has sculpted pseu-
dopapilla. The tissue appears pink and healthy.

• Figure 26-59 Definitive layered zirconia restoration.

• Figure 26-60 Lateral view to demonstrate pseudopapilla.

• Figure 26-61 Smile of patient shown in Figures 26-59 and 26-60.
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Summary
Esthetic restoration of anterior teeth with implant- supported 
restorations is one of the most difficult procedures to exe-
cute. Bone resorption following anterior tooth extraction 
often compromises gingival tissue levels for the implant 
restoration. In the last 10 years the focus has shifted from 
osseointegration to creation of an implant-borne restoration 
that is in harmony with the surrounding hard and soft tis-
sue. Complete reconstruction of tooth and gingival esthetics 
remains the primary objective and in some instances can be 
very difficult to achieve. The predictability of esthetic suc-
cess depends on the tissue loss present at the initiation of 

treatment. The greater the amount of bone and soft tissue 
loss, the more difficult it becomes to produce an ideal esthetic 
result. Improvements in implant design, surfaces, and mate-
rials have assisted us in obtaining esthetic results. However, 
the ultimate esthetic result can be obtained only through a 
correct diagnosis and appropriate treatment planning.
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