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Abstract
THERESA C. WANG4-year radiographic & esthetic evaluation of peAimplant tissue in
immediate implants replacing single teeth in the esthetic zone

(Under the direction of Lyndon F. Cooper D.D.S., PhBustavo Mendonca D.D.S., Ph.D
Salvador Nares D.D.S.hiD)

It is suggested that encroachment of th@mplant-abutment interface (IAl) to the
existing tooth (< 1.5mm),negatively affects bone levels. As bone is the foundation for
soft tissue, changes in bone levels may influence the overall esthetic outcormbe first
part of this thesis details a study on 44 dental implants placed in 3Batients. Pert
apical radiogrgphs anddental photographs were evaluatedat 1 and 4 year/s to assess
interproximal bone levels and pink esthetics. Current data assessed failed to indicate
relationship between IAl i tooth distances and bone changes at 4 years. Data
suggest that thee is no correlation between proximity of dental implant to adjacent
tooth and interproximal soft tissue fill. Data also suggest that crestal bony changes
following immediate dental implant placement do not have any relationship with soft
tissue esthetics. Further investigations are necessary to examine soft and hard tissue
architecture and their influence on esthetics. The second part of this paper consisifsa

comprehensive review discussinghe multi-factorial nature of dental implant esthetics.
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Part 1: 4-year radiographic & esthetic evaluation of peri -implant
tissue in immediate ly loaded implants replacing single teeth in the
esthetic zone.

Abstract

Interproximal bone levels are major determinants of implant esthetics.lIt is
suggested that encroachment of themplant-abutment interface (IAl) to the existing
tooth (< 1.5mm), negatively affects bone levels.The objective of this study is to
compare thecrestal boneand esthetic outcome of dental implants replacing single teeth
in the estheticzone at 1 yearversus 4years. Two @librated examiners evaluated 44
implants. Data was obtained from patients (n=38) enrolled in a prospective clinical
trial with an immediate provisionalization protocol. Bone levels were measured from
IAI on periapical radiographs using digital methods. Pink Esthetic ScoréBES) were
assigned usingdigital dental photography. Mean mesial and distathange inbone was
0.20 £1.00 mm and 0.20 +0.74 mm respectively.  Current data fails to indicatea
relatio nship between IAIT tooth distances and crestal bone changes at 4 years.There
is a statistically significant (p<0.0 01) relationship between smaller IAlT tooth
distances and lower PES. However, data suggets that there is no correlationbetween
either IAIT tooth distances and interproximal soft tissue fill. Further investigaions are
necessary to examinethe multifactorial nature of soft and hard tissue architecture

surrounding dental implants.



Background

A missing front tooth has a profound effect on the social and psychological
health of an irdividual (Elias & Sheiham 1998; Abu Hantash et al. 2006). When
replacing a front tooth, not only does the esthetic result matter, but it also becomes the
critical factor in determining whether treatment can be considered successful. This
most often applies to the maxillay anterior dentition, which is visible during daily
function and social activities. Fixed tooth replacement in the esthetic zone is not only
important for self-AOOAAT AOO Al O AOOT AEAOAA xEOE

well being (Burkhardt et al. 2000;Willis et al. 2008).

Unarguably, dental implant therapy has become the favored treatment option
for single tooth replacement within recent years.  Systematic reviews have
demonstrated that the 1Gyear survival rate of the single toth dental implant is
comparable to the survival rate of a three unit fixed partial denture (Pjetursson et al
2007). Outstanding success and survival rates from several loigrm human clinical
control trials have facilitated the progressive development ofdental implant
components and treatment protocolsthat have improved our efficiency andtreatment
capabilities (Jung et al. 2008den Hartog et al. 2008). Furthermore, single maxillary
implants have been immediately restored with high survival rates ranipg from 96-

100%, dlowing the clinician to provide immediate esthetic results



(Chen et al. 2004; DeKok et al2006; Lindeboom et al 2006). Thus, the
increasing demand for and use of dental implants in the replacement of missing
anterior teeth underscores the importance of understanding and managing thearious

parameters that influence the esthetic outcome.

In addition to matching the implant crown tothe neighboring dentition, the peri-
implant soft tissue shouldblend naturally with that of the surounding teeth (Kan et al.
2003; Meijer et al. 2005). In the esthetic zone, clinical success is highly dependent on
achieving longterm soft tissue results Belser et al. 1998Kan et al 2003). Not only do
clinicians have to consider existing tissue architeture, they must be mindful of the
surgical positioning of the implant and subsequent remodeling process of the bone
(Cardaropoli et al 2006). Increasing understanding about the nature of soft tissue and
biological width have facilitated the practitonerss AAEI EOU O1T OOEI EUA
therapy more predictably in esthetic regions (Tarnow et al. 992; Zetu & Wang 2005;
Martegani et al 2007). Animal studies have demonstrated that the pefimplant
mucosa that forms around titanium implants following abutment connection, have
common features with the gingiva around natural teeth (Berglundh et all991). These
features include the components to biologic width: connective tissue, junctional
epithelium and sucular depth (Hermanet al. 2000). In addition, studies have shown
that a 4 mm height is established around the transmucosal part of the implant fixture
(Abrahamsson et al 1996;Berglundh & Lindhe 1996; Choquet et ak001). Therefore,

placement protocols allowing reestablishment of biological widh and maintenance of



natural soft tissue contours will maximize esthetic results (Evans & Chen 2008; Cooper
2008).

Various approaches have been employed to maximize marginal tissue
maintenance including hard and soft tissue augmentation immediate placenent
protocols, and the use ofimplants with various configurations that promote the
sustainability of tissue (Meijndert et al. 2007; Morris et al. 2004den Hartoget al. 2008,
Stein et al. 2009;Sanz2009). Furthermore, dental implant components that promote
natural visual results, such as ceramicustom abutments have been employed (Ekfeldt
et al. 2011). Otler modifications to components, includingsurface technology to
promote cell adhesionhavealso been proposed (Nevins et al. 2008). Regardless of the
techniques used to maximize marginal tissue, the underlying architecture must be

present and biology must be respected to optimize our esthetic goals.

Critical horizontal and vertical dimensions have been described by authors in
regards to proper implant positioning adjacentto teeth and implant fixtures. Buccat
lingual and mesiatdistal dimensions have been thought to influence the subsequent
bone remodeling process (Esposd et al. 1993). Grunder and colleagues (2005)
considered an intact buccal plate as a significant factan esthetic success. However,
this has not been confirmedas there arenot any studies comparing the buccal plate
thickness and esthetic result (Teughels et al2009). In the mesiatdistal dimension,
guidelines are different for implants placed adjcent to natural teeth versus anmplant
fixture. It is suggesedthat implants should be positionedat least 1.5 mm away fronman

adjacent tooth andthere should not be less than 3 mm between two implantsto



minimize crestal bone loss(Buser et al. 2004) Single implant cases benefit from the
hard and soft tissue of adjacent dentitio. It has been determined that th
interproximal bone of a tooth-bound dental implant is dependent on the level of bone at
the adjacent tooth @Avivi-Arber & Zarb 1996 Grunder et al 2000). Thus, it isstipulated
that the presence of papilla is primarily influenced by the interproximal bone level of
the adjacent tooth (Jemet al. 1997; Choquet et al. 200XKan et al. 2003;Cardaropoli et
al. 2006). Finally, many studies indicate that the interppximal tissue volumeincreases
following crown placement, but the buccal tissue tends to diminish during the first year
(Jemt &Lekholm 2003; Cardaropoli et al. 2006Raes et al 2011). We therefore cannot
rule out the influence of theremodeling process that occurs following tooth extraction

and surgical trauma Gargiulo et al 1961).

A recent systematic review determined thatprevious studies suggesthat a 3
mm interproximal distance from fixture to adjacent toothis maintainedto increase the
likelihood of papillary fill (Teughels et al. 2009). However, the authos statethat these
conclusions were based on older implant typs that had been characterized with
saucerization. Consequently there is a need for new data to confirm whether these
suggested horizontal critical dimensions still apply to current dental implants.  The
purpose of this study is to investigate the intgproximal bone dimensions in
relationship to objective measures of esthetics. Thepecific aims of thisproject entails:
(1) Evaluating the crestal bone changes and distance between implaniktiire and
adjacent tooth (2) Assessing the sthetic outcome usng digital dental photographs and

the Pink Esthetic Scorgd PES)described by Furhauseret al.in 2005, (3) Determining



whether (a) proximity of fixture to tooth is related to crestal bone changes (b)
proximity of fixture to tooth is related to soft tissueesthetics (c) crestal bone changes

are related to soft tissue esthetics



Materials and Methods

Patient Selection
This study included subjects that were enrolled in dongitudinal prospective

clinical trial at the University of North Carolina School of Dentistry.The study was
approved by the University of North Carolina Institutional Review Board (IRB) and
informed consent was obtained from all subjects. All patients were nonsmokers and
hedthy (without systemic disease) The treatment modalities for implant placement
(Astra Tech OsseospeedMVolndal, Sweden) provisonalization, and final crown delivery
are described indetail in a previous publication (Cooper et al 2010). A total of 44
subjects with 56 implants were assessed for inclusion in this observational
radiographic and photographic study. Due to poor image qualityrancomplete data 38

subjects with 44 implants were included for the final analysis.

Analysis of Radiographs
Peri-apical radiographs were taken using thelong cone parallel technique to

evaluate the interproximal marginal bone level. Periapical radiographs are currently
regarded as the standard technique to evaluatinterproximal bone, as CBCT software
improvements are necessary to accurately measure bone around dental implan{Pe
Smet et al. 2002; Raes et al. 2011)Bone levels were assessed at 1 yeand 4 year

follow up. All radiographs were digital, and measurements were made



using Image Jimage processingsoftware (National Institute of Health). All
radiographs were calibrated using the known implant diameter as a referenceThe
implant abutment interface (IAl) was chosen as a reference poings it was easily
recognized The disance between the referenceoint to the crestal bone levd (My, Dy)
and adjacent tooth (Mx, Dx)was measured in millimeters at the mesial and distalbf

each implant using magnification (x7) to the nearest .01 mm(Figure 1). Two

N
)y

E1 AADAT AAT O AQAI ET AOO 11 0 Cdalyzedoll dadiographOE A D

Fig 1. Radiographic measurementsvere made from the Implant-abutment-interface
(IAl) on both the mesial and distal aspects of the fixture



Andysis of Photographs
Intra oral digital photographs were used to assign Pink Esthetic Scor@BES)at 1

year and 4 year follow up(Furhauser et al. 2005). PES is composed of 7 parameters
that can be scored 61-2, with 2 being the best and 0 being the worsscore (Figure 2).
Papillae are evaluated for completenessand the other variables are assessed by
comparison with a reference tooth. Cosyn and collegue$2010) defined a PES score of
equal or less tha 7 to be an esthetic failure, greater thaB to beacceptable, and greater
or equal to 12 to be almost perfect. PES were recorded by two calibrated independent
examiners not involved in any treatment. All photographs were scored twe with an

interval of 1 week.

Variables 0 1 2

Mesial papilla Shape vs. reference tooth Absent Incomgplete Complete

Distal papilla Shape ws. reference tooth Absent Incomgplete Complete

Level of soft-tissue maragin Level vs. reference tooth Major discrepancy >2mm Minor discrepancy 1-2mm No discrepancy < 1mm
Soft-tissue contour Natural, matching reference tooth Unnatural Fairly natural Natural

Alveclar protess Alveolar process deficiency Obvious Shight None

Soft-tissue color Color vs. reference tooth Obvious difference Moderate difference No difference
Soft-tissue texture Texture vs. reference tooth Obvious difference Moderate difference No difference

Fig 2. 1 yearand 4 year results were scored using the Pink Esthetic Score (Furhauser et
al. 2005) composed of 7 subcategoriesvith a minimum score of 0 and maximum score
of 14.



Statistical Analysis
Inter- and intra- examiner reliability was tested by computing Cronbach

Coefficient Alpha with 0.70 as an acceptable reliability coefficient Mesial and distal
bone loss aroundthe implant was calculated and the relationship between bone loss
and the distance between the implant and the tooth was tested byegeral linear model
regression. PES scores at 1 year and 4 year folleup were calculated and compared by
paired T-test. The associatiors between radiographic bone level measurementsand
PES scores werdurther explored by using the Pearson Chisquare test and linear
regression modeling.SASODS(output delivery system) statistical graphics were used
to generate the plots All statistical analyses wereperformed using SAS version 9.2

(SAS, Cary, N@yith 0.05 as significant level.

10



Results
Intra/interexaminer Reliability
Near perfect interexaminer agreement was confirmed using the Cronbhc
Coefficient Alpha Test for the radiographic measurements | €0.98). PESalso
demonstrated near perfect inter and intra- examiner agreement usingthe Cronbach

Coefficient Alpha test(4 =0.98).

Description of Sample
In total, 56 implants sites in 44subjects were eligible for evaluation.2 patients

were lost to follow up and 16 were not included due incomplete data or poor image
quality. 44 implant sites in 38 subjects provided adequate data for analysigzrom this
cohort, there were not any implant failures or complications reported.
Radiographic Analysis

Mesial and distal bone loss measured from radiograghover 3 years were
0.2mm (SD= 1.00) and 0.2mm (SD=0.74) respectivelyRegression analysis failed to
reject the null hypothesis that there isno relationship between proximity of tooth to

implant and change increstal bone level(Fig 3, 4.
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Photographic Analysis

Table 1demonstrates themean PES subcategories dt year and 4 years. Mean
PES increasedrom 10.80 (SD=1.79) atl yearto 10.88 (SD=2.14) at 4 years follow up
At 1 year30% of patients scored near perfect, 68% were considered acceptabighile
only 2% were considered esthetic failures.Similarly, at 4 years 45% of patients scored
near perfect, 48% were considered acceptabjevhile only 7% were considered estetic

failures. The changes were not found to be atistically significant (Figure 5).

Table 1 PES subcategory average scorgsSDat 1 yearand 4 year.

PES 1 year 4 year Change
Subcategories
M papilla 1.48+0.64 1.4+0.63 -0.08+0.62
D papilla 1.60+0.55 1.4+0.67 -0.20+0.46
Level 1.78+0.48 1.73+0.45 -0.05+0.45
Contour 1.55+0.50 1.58+0.55 0.03+0.58
Alveolar bone 1.78+0.42 1.78+0.42 0+0.51
Color 1.20+0.46 1.43+0.50 0.23+0.48
texture 1.43+0.50 1.58+0.50 0.15+0.62
TOTAL PES 10.80+1.79 10.88+2.14 0.08+1.82
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Fig 5. Box plot of mean PES ste and distribution at 1 yearand 4 year follow up.

Bone levels and PES
Interestingly, the proximity of the fixture to the tooth from both mesial and

distal is significantly associated with PEp<.0001). The datasuggests that the closer
the fixture is to the tooth, the lower the PESFigure 6, 7). Change in bone level over 3
years on the distal side of the fixtureis significantly associated with PESp=0.004).
However, this relationship was not identified from the mesial aspect of the fixture
(Figure 8, 9). Regression analysis showed thamnore bone loss on the distakide of the

fixture correlated with alower PES

15
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Fig 6. Mesial proximity of fixture to tooth vs. PES(p<0.0001).
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Regression

Radiographic measurements and papilla fill
We further explored the assciation between bone measurements and papilla

score. In contrast to our findings regarding proximity of implant fixture to tooth and
total PES, egression analysis showed no association between the proximity of the
dental implant to tooth and individual papilla scores (Figure 10, 11). The danges in
bone level(Yy) did not show a correlation with individual papilla scores, either (Figure
12, 13). Although the total PES is significantly related with the proximity of fixture to
tooth, this relationship is not found at the subcategow level for papilla score. Other
subcategories in PES malyave contributed to the result. Thus, the relationship between

proximity of fixture to tooth and esthetic result is still unclear.
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Fig 10. Mesialchange in bone level's. mesal papilla score(p=0.6317).
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Fig 12. Mesial proximity to tooth vs. mesial papilla score(p=0.9042).
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Discussion

The survival rate for the implants included in this study was 100% (38/38)
which is in accordance with the survivalrates of other studies that had utilized an

immediate provisionalization protocol (Kan et al. 2011; DeKolet al. 2006).

The data indicates that the mean change in bone level (0.20 mm) on both aspects
of the fixture was consistent with those found in previous studies (Engquist et al. 2002;
Wennstrom et al. 2005). Furthermore, bone levels reported are wiewithin the

parameters of success criteria described by Albreksson and colleagues (1986).

According to recent systematic reviews, there is a lack of literature using esthetic
indices (den Hartog et al. 2008; Teughels et al. 2009). Currentlihere are a few
esthetic measurement systems that have been proposed. The Pink Esthetic S¢BES)
was used in this study and assesses the soft tissa&clusively (Furhauser et al 2005).
The Implant Crown Aesthetic Indexdescribed by Meijer and colleages in 2005
evaluates the crown and the mucosa. More recently, the White Esthetic Score (WES)
was described by Belser and colleagues (2009) and has been used in conjunction with
the PES for a more complete esthetic outcome analysis. In this study, usihg PES to
measure esthetics objectively andtonsistently allowed us to evaluate overall esthetic

success of our study group. Ahe 4 year follow up,93% of our samples had PES with



acceptable to near perfectesult 8-pt1 q xEOE T 11U xpb AT iMedhAAOAA
PES for this study at 1 and 4 yeawere 10.80+1.79 and 10.88 £2.14respectively. This

is similar to results published by Raes and colleagues (2011) that examined
immediately loaded dental implants inthe esthetic zone. Other studies using PES have
AATTT OOOAOAA 0%3 xEOE Al [-39%0f the dateaE@uodrbahA T OA O
and Wang 2007; Chen et al. 2009; Cosyn et al. 2010, Raes et al. 2011). In this study,
cases with almost perfect PES soes were demonstrated in 45%of the subjects which

is slightly higher than previous reports. Our results also demonstrated that the PES at

the two different time points wasfound to not bestatistically significant. This could be

due to the fact thatafter 1- 1.5 yearsfollowing surgical intervention, remodeling ofthe

soft tissues has typically stabilized (Johnson et al. 1969; Gargiulo et al. 1961).

Regarding fixture to tooth distance and vertical bone losspur findings are in
agreement with a 3year retrospective study that reported a lak of relationship
between inter-unit distance and longitudinal marginal bone loss (Cardaropoli 2003).
Esposito and colleagues (1993) described increased bone loss at the tooth with
decreased distance to the implanbetween the time of implant placement and final
crown placement. Since this study did not assess the radiographs at these time points,

our study results cannot be compared directly to this previous report.

Interestingly, our results indicate that implant to tooth distances and PES on

both mesial and distal aspects of the fixture were correlated negatively (p<0.001). This

result, however, was not due to themesial and distal papilla fill as there was not a

25



significant relationship established betweenimplant to tooth distances and papilla
subscores. Furthermore, there was not a relationship established between changes in
crestal bone level and papilla subscores. These finding can be explained by the fact that
PES is composed of 7 subscores that ass various factors contributing to pink
esthetics. Aside from papilla fill there are also scores for level of soft tissue margin,
tissue contour, alveolar process, colgrand texture. Since PES is amvaluation of the
soft tissue complex as a whole, # lower score may be indicative of predisposing
factors, such as existing tissue anatomy or general remodeling issues that may be
associated with a smaller edentulous space.Furthermore, surgical finesse in the
placement of the fixture insmaller edentulous gpace may influence esthetic results If
the placement alters other factors, such ashe level of the zenith, then the overall
esthetic result may be compromised. In contrast to our results, reports by Lops and
colleagues(2011) examining the same mplant fixture found that when inter-implant
tooth distances were 2.5 4 mm, the interproximal papilla was present 92.8% of the
time. They also identified that with a distance less than 2.5 mm the papilla was absent
70% of the time. Authors recognize that there was only an interaction between

horizontal and vertical distances when the spacing was greater than 2ndm.

Finally, our results also indicated that there was a significant relationship
between bone loss and PES score on the distal aspecttioé¢ fixture but not on the
mesial aspect Previousreports have demonstrated more bone lossn the distal aspect
of the fixture (Norton et al. 2006). Notablya recent study by Raes et a(2011) found

that the distal papilla was more delicate to maintan, especially in immediate implant
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therapy. The reason for this is unclear and a larger sample size with a comprehensive
evaluation of sample characteristics may contribute to our understanding of this

finding.

It is worth mentioning that the implants used for this study have a connection
that has an underdimensioned abutment when compared to fixture diameter. It has
been postulated that this type of connection moves the inflammatory infiltrate that is
present at the implant abutment junction away fran the bone (Lazzara et al. 2006).
The microgap has been investigated in animal studieand authors concluded thatit is
the stability of the interface rather than the size of the microgap that influences bone
loss around dental implants (Herman et al. 201; King et al 2002). Furthermore
Cardaropoli and colleagues2005) examined nonplatform switched implants and had
similar results in regard to bone loss. The influence of the implant abutment interface

still needs further examination.

Our study does not demonstrate a relationship between Ali tooth distances
and crestal bone changes at 4 years. However, there is a statistically significant
(p<0.001) relationship between smaller IAl -tooth distances and a lower PES. It
must be recognized thatthe proximity of fixture to tooth was found to be unrelated to
papilla fill. In addition, vertical changes in bone level did not influence interproximal
soft tissue fill. Our results highlight the multifactorial nature of soft and hard tissue
surrounding dental implants. Many factors including the surgical procedure, prosthetic

management and choice of implant components may contribute to ultimatessthetic
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success. More data is needed in regards to using objective criteria in evaluation of

esthetic sucess.
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Part Il: The roles of tissue architecture, surgical procedures, implant
components and prosthetic decisions on the esthetic outcomes of
single tooth implants in the esthetic zone: a comprehensive review.

Abstract

Objective The purpose of this review was to examine how tissue architecture, surgical
procedures, implant components and prosthetic factors contribute collectively to
esthetic success in the maxillary anterior and premolar region (esthetic zone)

Materials and methodsPubmed, Embase and the Cochrane electronic databases were
searched for prospective human studies that investigate single tooth implants placed in
the esthetic zone. Two reviewers assessed the quality of search results indepentign
The outcomes assessed include implant survival, complications, and pémplant soft
and hard tissue characteristics. Peiimplant soft tissue assessment included probing
depths, bleeding on probing, plague index, keratinized tissue and papilla ingle Hard
tissue assessment included measurements made at the time of surgical procedures and
radiographic analysis. Studies that measured esthetic outcomes utilizing esthetic
indexes and selreport were also included.

Results and discussion 0 51 primarily selected articles, 13 studies fulfilled the
inclusion criteria. A variety of predictors for esthetic success were evaluated, such as
existing hard and soft tissue architecture, the effect of simultaneous soft and hard
tissue augmentation, the use of different implant components and various

restorative protocols. These factors ultimately influence the final esthetic success in



a collective manner. However, the results of this review suggest that there is not a
standardized measure of esthtic success in dental implant therapy.

Conclusions The literature included in this review suggests that implant esthetic
success is multifactorial. Importantly, soft and hard tissue architecture plays an
essential role for the esthetic success of déml implants in the esthetic zone.
Although there is a lack of welldesigned controlled clinical trials that infer certain
interventions produce better treatment outcomes, clinicians may improve esthetic
success with adequate architectural assessment folved by choosing the

appropriate surgical procedures and implant components that may enhance results.
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Background
The progressive nature of dental implants treatment has been facilitated by

outstanding survival rates from several longterm human clinical control trials (Jung et

al. 2008, den Hartog et al. 2008). This has been accompanied by the establishment of
treatment guidelines, improvements in surgical protocol, and the development of
innovative implant components and surface technologieshat have contributed to
improving the quality of care in dental implant treatment (Belser et al. 2007, Shalabi et

al. 20086).

Through systematic review, it has been demonstrated that the I@ear survival

rate of single tooth dental implant replacementis comparable to the survival rate of a

three unit fixed partial denture (Pjetursson et al 2007). Dental implant treatment has

been regarded as the most conservative and biologic treatment modality in the
replacement of single anterior teeth (Pjetursson eal 2008). Furthermore, advances in

bone and soft tissue augmentation procedures and increasing understanding about the

T AOOOA T &£ Ol #O OEOOOA AT A AEIT 1T CEAAI xEAOE
utilize dental implants more predictably in highly esthetic regions (Tarnow et al. 1992,

Zetu and Wang 2005, Martegani et al 2007)lt is clear that dental implant therapy has

become the favored treatment option for single tooth replacement within recent years.



Esthetic concerns apply wherthe implant restoration and the surrounding soft
tissues are visible during daily functional activities and in social settings. The
increasing use of dental implant therapy to replace missing teeth in the esthetic zone
underscores the importance of evalating esthetic success. However, scientific
literature describing reproducible esthetic parameters is considerably insufficient
(Belser et al. 2004). In the esthetic zone, success is highly dependent on the Hoemgn
esthetic results that can be achieved Optimally, the goal is to match the petimplant
soft tissue with the soft tissue of the adjacent natural teeth; the implant crown should
blend naturally in size, contour and shape with the adjacent teeth (Meijer et al 2005).
Yet, the most unpredictabé determining factor in establishing esthetics is perimplant
soft and hard tissue support. Not only do clinicians have to consider existing tissue
architecture, another important factor is the surgical positioning of the implant and

subsequent remodelirg process of the bone (Cardaropoli et al 2006).

Various approaches have been utilized to maximize esthetic outcomes including
hard and soft tissue augmentation, utilizing implants with various configurations that
promote the sustainability of tissue andimmediate loading protocols Meijndert et al.
2007, Morris et al. 2004, den Hartog et al. 2008). Because the presence and
characteristic of soft tissue is highly dependent on underlying bony structure, recent
investigations have been conducted in ordera establish dimensional guidelines to
optimize esthetic success (HuyniBa et al. 2010, Tomasi et al. 2010). It is valuable for
clinicians to be able to evaluate an edentulous site in the esthetic zone and understand

the various components that contributeto the esthetic outcome. Thus, the objective of

37



this study is to discuss the interplay of the multiple factors that contribute to implant

esthetic success in the esthetic zone.
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Materials & Methods

Types of studies
All prospective human clinical trials of dental implants replacing single teeth in

the esthetic zone were considered for this review. Study designs included randomized
control trials, controlled trials, randomized trials and prospective cohort studies.
Retrospective studies were not included. No time limitations were implemented.

Language was restricted to papers published in English.

Types of participants
Patients included were treated with an implantretained single tooth

replacement in the esthetc zone, neighbored by natural teeth. The esthetic zone is
defined as: anterior and premolar maxillary teeth; as smile line and gingival display
vary in individuals. This is the objective definition given by the ITI Treatment Guide

(Belser et al. 2007).



Interventions
The factors examined in the articles being reviewedan be grouped into the following

categories:

A. Anatomical considerations
1) Bone wall dimensions (Ferrus et al. 2009, HuynBa et al. 2009, Tomasi et al.

2009)

B. Surgicalinterventions
1) Early versus delayed implant placement (Gotfredsen et al. 2004)
2) Simultaneous hardtissue augmentation andmplant placement
i. Type of grafting material(Meijndert et al. 2007)
ii. Graft versus no graft(Chen et al. 2007)

C. Implant components
1) Type ofimplant
I. CQylinder versus taper(Sanz et al. 2009)

D. Prosthetic decisions
1) Loading protocols

I. Immediate versus delayed loadh a flapless surgical approach (Oh et
al. 2008)

ii. Immediate versus conventional loading in a standard surgical
approach (Hall et al2007)

iii. Immediate loading versus immediate provisionalization without load
in a standard surgical approach (Lindeboom et al 2006)

iv. Immediate placement and provisionalization (De Rouck et al. 2008)

v. Immediate provisionalization versus submerged in an immediate

placement approach (De Rouck et al. 2009)
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Outcome measures
1 Implant survival, defined as the presence of the implant at the time of followp

1 Complications: biological and technical
1 Changes in marginal bone level assessed by radiographs
1 Assessment of pedimplant structures
o Papilla Index (Jemt et al. 1997)
o0 Probing depth, plague index, bleeding on probing
1 Aesthetic indexes
0 Pink Esthetic Score (Furhauser et al. 2005)
o Implant Crown Esthetic Index (Meijer et al. 2005)
1 Patient satisfaction/self-evaluation of esthetics
1 Measurements of bony architecture at time of extraction, implant placement or

second stage surgery

Search strategy
This review consisted of a search of the literature utilizing PUBMED and

EMBASE and was supplemented with a sedrof systematic reviews in theCochrane
Central Register of Controlled Trials (CENTRAL).

The searches were conducted using MeSH terms: "Dental Implants"[Mesh] OR
"Dental Implants, SingleTooth"[Mesh] AND "Esthetics"[Mesh] OR "Esthetics,

A s o~ 7 =

relevant review articles were examined to identify additional publications.
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Two examiners scanned the titles and abstracts found in the search. Figkt

articles were obtained andexamined by two independent reviewers.

Quality assessment
All studies that were not relevant tothe topic in review were not included for

full text analysis. For example, studies examining dental implants replacing multiple
missing teeth, with denturesor fixed partial dentures as ultimate prosthesis, were
excluded. Those examining posterior teeth and studies with improper study design
were not included. Following fulttext analysis, methodological quality was assessed

(Table 1).

Data extraction andanalysis
The article selection process included screening of the titles and abstracts by

two independent reviewers (L.C. and T.W.). A fukxt screening followed, the data was
extracted by the reviewers and recorded in a data extraction sheet. Meanalysis was

not feasible due to the heterogeneity of thestudies and outcome vaiables.
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Table 1 Studies excluded after quality assessment and reasons for exclusion.

Study Study design Reason for exclusion

Cochran et al. Prospective MulticenteHuman Not exclusive to esthetic zone, not
(2009 Clinical Trial exclusive to single tooth

Martegani et al. Prospective Multicenter Human Evaluates natural teeth, not implants
(2007) Clinical Trial

Sunitha et al(2008) Prospective Human Clinical Contrc Not exclusive to esthetic zone

Trial

Bianchi et al(2004)

Prospective Human Randomized
Clinical Control Trial

Not exclusive to esthetic zone

Lee & Hasegawa
(2008)

Prospective Human Clinical Trial

Small sample siz too many variables

Yilmaz et al. 1998

Prospgective Human Clinical Contro
Trial

Not exclusive to single tooth

Johnson & Persson
(2001)

Prospective Human Clinical Trial

Sites included not specified

Kemppainen et al
(1997)

Prospective Human Randomized
Clinical Trial

Not exclusive to esthetic zone

Morris et al (2004)

Prospective Multicenter Human
Clinical Trial

Not exclusive to esthetic zone

Zembic et al. (2009)

Prospective Human Randomized
Clinical Control Trial

Posterior teeth evaluated

Sailer et al. (2009)

Prospective Human Randomized
ClinicalControl Trial

Posterior teeth evaluated

Sethi et al(2000)

Prospective Human Clinical Trial

Sites included not specified, not
exclusive to single tooth

Kastenbaum et al
(1998)

Prospective Human Clinical Trial

Not exclusive to esthetic zone, not
exclusive to single tooth

Malo et al (2003)

Prospective Multicenter Human
Clinical Trial

Not exclusive to esthetic zondoes
not evaluate esthetics
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Fig 1 Study Selection Procedure
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Results

Implant Survival and Success
Of the selected articles, authors that reported on survival considered the

presence of the implant at followup as survival and followed the criteria for successful
osseointegration proposed by Smith and Zarb (1989).

Gotfredsen and colleagues (2004) repted 100% implant survival rate for both

OEAEO OAAOI U6 j1 xAAEO A 11T xETC AGOOAAOQEIT C
Meijndert et al. 2007 performed conventional placement with bone

augmentation. All of their cases were grafted with an autogenous iohgraft or

xenograft (BioOs®) and resorbable collagen membrane. They had twimplants that

were mobile at the start of the prostheticprocedures, and thus did noinclude them for

aesthetic evaluations. However, these authors were able to successfulBroperate

with reimplantation and bone augmentation.

In a flapless approach, Oh and colleagues (2006) reportédiat at 6 months, they
achieved a survival ratefor delayed load and immediate load implants at 100% and
75%, respectively. Interestingly, al failures in their immediately loaded groupwere in
the premolar region.

The literature suggests that immediately placed implants without grafting have
demonstrated predictability as a treatment approach (Chen et al. 2007; Ferrus et al.

2010; Huynh-Ba et al. 2010, Tomasi et al. 2010; Sans et al. 2010Furthermore,



implants that were provisionalized, in both immediately and conventionally placed
implants, yielded excellent survival of 96100% at 1 year follow up (Hall et al. 2007;
Lindeboom et al 2006, De Rouck et al. 2008, De Rouck et al. 2009).

Failure of implants generally occurred in the edy stages following dental
implant placement. Some studies involved implants that showed mobility after 23
weeks (Lindeboom et al. 2006) while others proved to be more dispersed
regards to time of failure. In 2008, De Rouckand colleagueshad one implant fail
after one month with concurrent pain, mobility and discomfort. Likewise, in2009,
De Rouckget al. hadone implant lost due tomobility after the first month, one lost
due to mobility after three months, and one was lost with concurrent pain after
three months. In all immediately placed implants, failures occurred for all
restorative treatment groups: delayed restorations, immediately provisiomlized
and immediately loaded implants. However, all treatment groups demonstrated
good-excellent success rates of 92%, 887% and 92% respectively. (Lindeboom et

al. 2006; De Rouck et al. 2008; De Rouck et al. 2009).

Complications
The majority of the included studies experienced complications

Complications were defined as any event that required clinical chairside time after
delivery of the prosthesis (Lang et al. 2004).Two of the studies included in this
review did not account for anycomplications (Oh et al.2006; Hall et al.2007).

Some of the complications reported were biologic while others were

technical and associated with the restorative crown Observed biological
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complications include fistulas (Gotfredsen et al. 2004; De Rouck et al. 200&oft
tissue dehiscencdGotfredsen et al. 2004), perimplant mucositis, (Chen et al. 2007)
and abscess formation (Chen et al2007). Gotfredsen and colleagues (2004)
reported that there was a gap at the implant abutment interface in the case that had
a fistula. All biologic complications did not result in implant removal and were
treated with local debridement and antibiotics.

Technical complications includel loosened abutment screws Gotfredsen et
al. 2004; Lindeboom et al.2006), porcelain fractures (Gotfredsen et al. 2004;
Lindeboom et al.2006) and loss ofcrown retention (De Rouck et al2008). Loose
screws were tightened and occasionally accessed through cemented crowns. The
technical complications were managed on a case by base basisth regards to
fractured porcelain. The porcelain fractures were resolved through crowns
replacement or smoothing with polishing burs.The broad array of complications
throughout the selected articles lacked association with implant placement

strategies or restaative protocol.

Radiographic evaluation
Many of the selected studies utilized radiographic ealuation as a toolin

comparing different surgical and restorative protocols.However, every study that
used radiographic evaluation observed a mere lack of oelation between the
factors of interest. For example, it was determined that radiographic measurements
of implant positioning to approximate tooth demonstrated poor correlation with

papilla index (Hall et al.2007).
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In addition, mean bone loss did nodiffer significantly between immediately
loaded and immediately provisionalized groups I(indeboom et al. 2006). This
group reported that the mesial marginal bone loss over a tthonth evaluation was
minimal being 0.274SD=0.2) mm for the immediate load graip versus
0.28(SD=0.22) mm for the immediate placement group. Likewise, the distal
marginal bone loss over 12 months was 0.X$D=0.15) mm for the immediate load
group versus 0.ZSD=0.11) mm for the immediate placement group.

Chen and colleagues (2007)aported that mean radiographic crestal bone
levels around immediately placed tissue level implants were not statistically
different between subjeds that received no grafting versugyrafting (BioOs® with
resorbable collagen membrane). Their results didndicate that the most change
(0.2(SD=0.8) mm) occurred from time of placement to surgical reentry, 6 months
following. Radiographic analysisfrom a study by De Rouck and colleague2@08)
also demonstrate the largest amount of bony changes in the firseW months
following implant placement. At 3 months, they reported mean loss of 0.58 mm
mesially and 0.47 mm distally with diminished loss thereafter. After 1 year of
function, mean bone loss was 0.98mm and 0.78 mm for mesial and distal aspects of
the fixture. The same group conducted a trial comparing immediate restorations
versus delayed restorations (De Rouck et al. 2009) and found that radiographic
measures of bone levels did not differ significantly between the two groups at the
12-month follow up. Cumulatively, radiographic analysis further demonstrates the
multidimensional nature and lack of correlation of factors in relationto the overall

esthetic success
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Patient satisfaction
Of the 12included studies, only four incorporated a selreport to reflect

patient satisfaction. Each bthese four studies utilized a 10 cm Visual Analog Scale
(VAS to reflect the degree of patient satisfaction, and high scores were readily
apparent in all cases One study determined that there lacked correlation between
OEA Al ET EAEAT 06 1T AEAAOEOA | AA(lmpant ceWwOAT OET C
the Implant crown Aesthdic Index yielded acceptable result fol66% of the cases
while the patient satisfaction questionnaire revealed an acceptable result for 100%
I £#/ OEA AAOAOS8 4EAOA xAO A Al OOAI AOCEI T AAC
opinion of the peri-implant mucosa,however.
Another study reported VAS scores for both functionand esthetic
appearance of the implants. In both categories, patient and denti$tAS scores failed
to correspond as patients scored themselves higher than the denti€Gotfredsenet
al. 2004). De Rouck and colleagues (2008) demonstrated mean patient VAS score of
93% with a range from 82100%, but did not compare these scores to objective
measures. The same group also investigated VAS for patients that had immediate
restorations versus delayedrestorations and found similar esthetic satisfaction of
93% and 91% respectively. Moreover, in two of the studies a higher degree of
patient satisfaction was apparent for earlier restoration groups in comparison with

delayed restoration groups (De Rouck?009; Gotfredsen, 2004.
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Pertimplant Structures
Six of the chosen studiesneasured papilla fill or utilized a papilla index to

reflect the changesin interproximal tissue volume during the duration of the study.
Gotfredsen and colleagues (2004) repodd that papilla shrinkage was not
significant during their 5-year evaluation for both early and delayed placement
groups. Overall, they found an increased in papillary fill over time. Oh and
colleagues (2006) performed a flapless approach on all subjecésxd demonstrated
an increase in papilla indexfrom baseline to 6 months, however it was only
statistically significant for the immediate load group and not the delayed load group.
Furthermore, there were not any significant differences between treatmengroups
at each time point.

Other authors also found minimal differences between the papilla index of
test and contrd groups. In a study comparing immediate load versus immediately
provisionalized implants, investigators found that full regeneration ofthe mesial
interdental papilla was observed in 70% of the immediate load group while 91%
was observed in the immediate provisional group I{indeboom et al.2006). Both
groups had 91% complete papilla fill on the distal. Furthermore, they did not
demonstrate statistical differences in the midbuccal aspect of the tissue, which were
reported to be similar to adjacent teeth 91100% of the time. The group concluded
that their results demonstrate no differences in gingival esthetics in both study
groups.

At 1 year, Hall and colleagues (2007) compared conventional twstage

approach to an immediate provisionalization group and found that the papillary

50



index was not statistically different. Furthermore, the papilla index was poorly
correlated to radiographic measurements of the implant position to the adjacent
tooth. The largest amount of papilla loss was found at the 3 month assessment in
both immediately restored and delayed restoration groups (DeRouck et al. 2008).
Mean papilla shrinkage was demonstrated tdoe twice as high for the delayed
restoration group when compared to the immediate restoration group. They also
reported significant papilla regeneration in the delayed restoration group at 1 year.
Finally, De Rouck and colleagues (2009) found that tHargest reduction in
papilla height was found at the 3month follow up visit for implants that were
immediately placed and provisionalized. They also demonstrated a trend of
recovery in papilla height following 3 months of healing, although this was not
statistically significant. Overall, the selected articles for this review demonstrate
that there is not a difference in papilla fill when varioussurgical and prosthetic
protocols are utilized and the most change occurs in the first 3 months following

implant placement.

Pertimplant Health
In addition to papilla index, a variety of other testavere employed to assess

the peri-implant tissues. These factors include probing depth, gingival margin,
bleeding on probing, and tissue color. Fouof the selected articles incorporated
measurements of probing depth. Inthis group of studies, probing depth scores
revealed no significance whencomparing goups of interest (Oh et al. 2006; Chen et

al. 2007; De Rouck et al. 2009; Hall et &2007).
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Lindeboom et al. (2006) incorporated the gingival margin level in their
clinical analysis andconcluded that100% of theimplants in the immediately loaded
and 91% of the implantsin the immediately provisionalized (hon-loaded) grouphad
an ided buccal magin.

Bleeding on probing (BOP) was recorded in a few of the studiesas an
indication of peri-implant health. Two studies determined there to be no difference
between immediately loaded and delayed groupsCh et al.2006, De Ruck et al.
2009). In addition, it was determined that BOP scores consistently decline with
time. In 2008, De Roucket al. found thatBOP scores were 54% at 1 monthnd 41%
at 1 year with an immediately placement andprovisional protocol. Additionally,
Gotfredson et al. (2004) foundhat at the 3-year follow-up 54% had a bleeding score

of 0 while at the Syear follow-up 62% had a bleeding score of 0.

Esthetics
The majority of the chosen aticles did not incorporate the esthetic outcome

in their analysis. In fact, only five analyzed factors that contribute to the overall
esthetic outcome. Four of these studies utlized the VAS that wagepiously
discussed (Meijndert et al. 2007; De Rouck et al. 2009; De Rouck et &008;
Gotfredsen et al2004). Gotfredsenand colleagues (2004) wee unique in their use
of the VAS in that theyincorporated an independent dentist forunbiased assistance
in ranking esthetics.

Current literature review indicates that the use of an objective measurenm

tool for esthetic outcome isnot pronounced. Mgndert et al. 2007 was the only
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study that utilized an objective measurement index (Implant Crown Aesthetic

Index). They reported an acceptable result in 66% of the cases, however, this did
TTO0 AT OOAT AOA x E@lHatich Eshig WS OEAT 006 OAIl £

Bony architecture

As previously discussed, lte vast majority of the chosen articles measured
marginal bone level changes in their analysisNo trend can be drawn in terms of
whether mesial or distal bone loss was more common, as it varied with each study.
However, as a general trend, the largest amount of bone loss was observed in the
first 3 months. After this initial period, the amount of bondoss notably declined (De
Rouck et al.2008; De Rouck et al2009, Chen et al. 2007). For exampld)e Rouck
and coleagues (2008) found thatmarginal boneloss in the first 3 months was0.58
mm mesially and 0.47mm distally. After the span of one year, levels of marginal
bone loss were recorded to be 0.98mm mesially and 0.78 distally.

In addition, bone level changes btween experimental and control groups
proved to be relatively consistent. In three studies (De Rouck et al. 2009;
Lindeboom et al. 2006; Hall et al2007) it was determined that after 1 year,there
was na a longterm difference between bone loss inmmediately loaded versus
comparison group (delayed, nodoaded provisionalized or conventional). One
study concluded that dimensional changes were not significant between cylindrical
or tapered implant configurations (Sanz et al. 2010).

A group of studies concluded that the thickness of buccal bone, implant
positioning, and the dimension of horizontal gap all had a direct impact on hard

tissue alterations that occur following implant placementAuthors report that their
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outcomes were consstently dependent on the baseline characteristics. Three
studies conducted by this group @ree that sites with thick boney walls
corresponded to a greater degree of bone fill. Furthermore, sites withthick buccal
bone crest experienced smadlr degreesof vertical resorption (Huynh-Ba et al.
2010; Ferrus et al. 2010; Tomasi et al. 2010). Implants that were more apically
positioned experienced less thread exposure than implants that were positioned
closer to the alveolar crest, suggesting that anteriosites are more susceptible to
ridge alterations (Ferrus et al. 2010; Tomasi et al. 2010). Finally, there is a negative
correlation between the size of the vertical residual gap and the vertical position of
the bone crest opposite the implant. A positive aeoelation exists between size of the
horizontal gap, the horizontal residual distance, and the residual depth. Essentially,
the larger the horizontal gap (>1mm), the greater the amount of newly formed bone.
(Ferrus et al. 2010; Tomasi et al. 2010; HuynBaet al. 2010; Sanz et al. 2010).
Finally, one study concludes that since a buccal bony wall width of 2 mm is
not found in most extraction sites in the maxilla, most clinical situations may need
augmentation procedures to achieve adequate bony contours arod the implant.
This underscores the importance of the perimplant hard tissue and their role in

supporting the soft tissues that are crucial tanaximum esthetic success.
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Table 2 Study characteristics and outcome measures of included studie

Test Design | No. of Survival | Complications | PES Papilla Tissue | BOP Self Other
Patients/ | /Success | (Y/N) (Y/N) index color (Y/N) | Report
implant | (¥/N) (Y/N) (Y/N) (Y/N)
Chen et al. Immediate RCT 10/10/10 | Y Y-abscess N N N N N Marginal
2007 placement: defect fill,
xenograft bone loss,
(BioOss) vs. residual
BioOss with defect,
membrane vs. no mucosal
grafting change, PD
De Rouck Immediate RCT 24/25 Y N N Y N Y Y Marginal bone
etal. 2009 placement: level changes,
provisionalization PI, PD,
vs. submerged midfacial
mucosa level
De Rouck Immediate CT 30 Y Y N Y N N Y Radiographic
etal. 2008 placement & eval, midfacial
provisionalization & papilla soft
tissue changes
Ferrus et Immediate CT 93 N N N N N N N Thickness of
al. 2010 placement: buccal bone
examine factors walls,
that may dimensions of
influence ridge the horizontal
alteration buccal gap
Gotfredsen. | Early/standard CT 10/10 Y Y-implant & N Y Y Y Y Visual analog
2004 abutment vs. crown scale
Delayed/prepable
abutment
Hall et al. Immediate RCT 28/28 Y N N Y Y N N Radiographic
2007 provisional vs. eval, peri-
two stage implant
restoration mucosal
response (PD,
PI, GI, KT)
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