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The purpose of this study was to evaluate the esthetic outcome of single-tooth locking taper connection implants placed in the anterior

maxilla following a postextractive nonfunctional loading protocol. This preliminary clinical study involving 16 patients evaluated the

results of 21 implants placed in areas with high esthetic value. For each implant the pink esthetic score, white esthetic score, cumulative

survival rate, and health status of peri-implant tissues were evaluated. The cumulative survival rate was 100% 2 years after prosthetic

loading, and the mean total pink esthetic score/white esthetic score was 16.9 6 1.14 on a maximum value of 20. There was excellent

plaque control in all patients, and inflammation indices were within the norm. Within the limits of this study, this immediate nonfunctional

loading protocol seems to be a successful procedure esthetically and for the maintenance of peri-implant soft tissues.
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INTRODUCTION

I
mplant therapy in partially edentulous patients has become

a well-established treatment method even in esthetic areas

where predictability levels have been achieved that are

comparable with those for implants placed in other jaw

areas.1–6 To shorten rehabilitation times, protocols have been

constantly evolving in recent decades, with the literature

focusing on the evaluation of postextraction implant place-

ment with or without immediate loading Continuous improve-

ments to materials and methods means that now these

protocols achieve implant survival rates comparable with those

of traditional biphasic techniques.7,8 Most of the studies,

however, have concentrated on implant survival, radiographic

bone loss, sulcus probing depth, peri-implant hygiene, and

prosthetic complications rather than esthetics. However, in

esthetic areas complications such as the appearance of

subgingival gray-wash transparency9,10 or abutment or implant

collar exposure may have serious implications for the patient’s

social life as well as the patient-therapist relationship even if

good osseointegration has been achieved. Some authors11–24

therefore believe that to be able to properly evaluate a

therapeutic protocol aimed at the rehabilitation of esthetic

areas it is also essential to consider the results from the

esthetics standpoint. Few studies have used indices that can be

objectively reused for comparative esthetic appraisal. In this

regard, three authors have proposed their protocols of esthetic

evaluation. In 1997, Jemt24 focused on the presence or absence

of interproximal papilla after implant; in 2005, Fürhauser et al25

proposed the pink esthetic score (PES), which assigns particular

importance to the anatomy of peri-implant soft tissues; and in

2005, Meijer et al26 proposed an index evaluating the

properties of the prosthetic crown. Belser et al27 recently

proposed an index to integrate soft tissue assessment with that

of the prosthetic crown. The aim of this study was to evaluate

implant survival, peri-implant tissue health, and esthetic

outcomes in implant-prosthetic rehabilitation of anterior

maxilla areas according to an immediate postextractive

nonfunctional loading protocol.

MATERIALS AND METHODS

Patient population

Patients were selected from those who had been treated with a

postextractive single implant according to an immediate

nonfunctional loading protocol in the esthetic areas of the

maxilla between October 2009 and November 2011 in the

periodontology department of the dental and maxillofacial

surgery clinic of Policlinico GB Rossi at the University of Verona.

For enrollment in the study all patients had to have a natural

teeth both mesially and distally to the implant. Exclusion

criteria were uncontrolled diabetes, bone disease, poor oral

hygiene, bruxism, and a heavy smoking habit (more than 10

cigarettes per day). Sixteen patients (11 women and 5 men)

aged between 28 and 71 years (mean age ¼ 44 years) were

selected.
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Implant system

In this study we used a locking-taper implant System (Bicon

Dental Implant, Boston, Mass). The fixture has a plateau design

and a sloping shoulder collar. The implant-abutment connec-

tion was screwless. When the conical shape abutment (1.58

angle) is activated a locking taper occurs: the 2 surfaces of the

same metal (Ti V 6 A14) rub together in such a way that the

metals enter into intimate contact to create an airtight seal.28,29

Surgical procedure

Preoperative orthopantomography and intraoperative X rays

were used to determine implant site dimensions. Drilling depth

was determined on the basis of available bone and implant

length so as to permit the implant placement 1.0–3.0 mm

below the bone crest. Surgery was performed with local

anesthesia by the infiltration of articaine 4% containing

1:100 000 adrenaline (Artin 4%, Omniapharma, Omnia Spa,

Fidenza, Italy). The tooth extraction was carried out avoiding

damage to either the buccal or palatal bone plates (Figures 1

through 3). Once the tooth was extracted, the socket was

debrided with curettes and irrigated with sterile saline. A pilot

drill of 2.0 -mm diameter mounted on contra-angle 1:18 at 1000

rpm with external irrigation (Pilot Drill 2.0 mm, surgical steel,

Bicon Dental Implant System) was used to prepare for the

reamers and to determine implant insertion depth. The depth

of drilling was 2.0–3.0 mm deeper than that of the chosen

implant. Initially, the palatal wall of the socket was drilled in a

more perpendicular approach than the proposed trajectory of

the intended restoration. As soon as the pilot drill was engaged

in the bone, the drill’s trajectory was changed to be more

parallel to adjacent teeth and the proposed restoration in

accordance with suggestions in the literature.30 The socket was

expanded with reamers of increasing diameter beginning with

a 2.5-mm diameter without irrigation at a maximum of 50 rpm

until the desired diameter was reached. The implant was

positioned by tapping on the healing plug or directly into the

implant well; the healing plug was replaced with an appropri-

ate temporary abutment. (Figures 4 through 6). Autogenous

bone removed from the reamer burs and beta-tricalcium

phosphate granules (SynthoGraft Pure Phase Beta-Tricalcium

Phosphate, Bicon Dental Implant) were used to fill the gaps

between the implant and the residual bony walls.

All patients received oral antibiotics (Augmentin, Glaxo-

Smithkline Beecham, Brentford, UK) 2 g per day for 6 days and

painkillers as required. Detailed instruction was given on oral

hygiene, including mouth rinsing with 0.12% chlorhexidine

(ChlorexidineR, OralB, Boston, Mass) for 7 days and abstention

from brushing of the surgical site for the same period.

Prosthetic procedure

After implant placement the temporary abutment was inserted.

The diameter of the abutment was dictated by the anatomy of

the interdental papillae as it would have to support the papillae

without encroaching upon them. All patients received a

temporary acrylic resin crown made by designing wax-up.

The temporary crown was also splinted with cold resin to

adjacent elements to reduce micromovements at the bone-

implant interface (Figures 7 and 8). The final restoration with a

porcelain crown was placed after 4 months (Figures 9 and 10).

Extraoral cementation was carried out with adhesive resin (3M

ESPE RelyX Unicem Self-Adhesive Universal Resin Cement,

Milan, Italy). This provided for control of any cement overflow;

any excess was removed before placement of the crown-

abutment complex. All crowns were inserted with a custom

silicone jig to avoid any crown fracture with tipping.

Evaluation of peri-implant tissue health

Peri-implant tissues were evaluated using the modified

bleeding index, modified plaque index, probing depth, amount

of keratinized tissue, and mesial and distal bone resorption

(bone level). The same operator, who was not involved in the

implant-prosthetic rehabilitation, performed all clinical and

radiographic evaluations. Peri-implant tissues were assessed

using a periodontal probe to probe 4 sites per implant: buccal,

palatal, mesial, and distal. The amount of keratinized tissue was

evaluated by measuring the distance between the buccal

gingival margin zenith and the mucogingival line; the

measurement was then compared with that performed before

extraction. The interproximal marginal bone level was mea-

sured with a standardized periapical X ray using a customized

Rinn film holder (Rinn XCP Anterior Aiming Ring-Blue; Dentsply,

Elgin, Ill) and a computerized measurement technique (Rulers

2011, Omnidea srl, Venice, Italy). Mesial and distal bone peak

height was evaluated by calculating the distance between

implant shoulder to bone peaks. To correct radiographic

distortion of the image, the apparent size of each implant

was compared with the actual length to precisely determine

any vertical bone loss.

Esthetic analysis

The esthetic examination was performed by a second observer.

To objectively examine the esthetic outcome of the implants,

intraoral photographs were critically analyzed using the PES

and the white esthetic score (WES), setting these as suggested

by Belser et al27 in 2009. All implant crowns were photo-

graphed with a digital camera (Nikon D100R, Nikon, Tokyo,

Japan) and a 105-mm lens (AF micro Nikkor 105 mm 1:2.8D,

Nikon) with ring flash (Nikon Macro Speedlight SB-29S, Nikon).

To ensure comparability, the contralateral reference tooth had

to be completely and symmetrically represented.

The PES comprises the following 5 variables: mesial papilla,

distal papilla, curvature of the facial mucosa, level of the facial

mucosa, and root convexity/soft tissue color and texture at the

facial aspect of the implant site.

A score of 2, 1, or 0 was assigned to each of the 5

parameters. The 2 papillary scores (mesial and distal) were

assessed for complete presence (score ¼ 2), incomplete

presence (score¼ 1), or absence (score¼ 0) of papillary tissue.

The curvature of the facial soft tissue line, also defined as the

line of emergence of the implant restoration from the soft

tissues, was scored as being identical (score ¼ 2), slightly

different (score¼ 1), or markedly different (score¼ 0) compared

with the natural control tooth, therefore providing a natural

and symmetrical or disharmonious appearance. The level of the

facial peri-implant mucosa was scored by comparison with the
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FIGURES 1–6. FIGURE 1. Clinical situation before surgery. FIGURE 2. Preoperative x ray showing the root fracture on lateral incisor. FIGURE 3.
The atraumatic tooth extraction. FIGURE 4. The implant positioning immediately after tooth extraction (4 3 11 mm Bicon dental implant).
FIGURE 5. The provisional acrylic crown in situ and the suture. FIGURE 6. Postoperative x ray showing the correct implant-prosthetic
position.

260 Vol. XLII / No. Three / 2016

Esthetic Results in the Anterior Maxilla Utilizing Locking-Taper Implants



FIGURES 7–12. FIGURES 7 AND 8. Clinical and radiographic view at 3 months. FIGURES 9 AND 10. Clinical and radiographic control of the final
restoration after 4 months. FIGURES 11 AND 12. Clinical and radiographic control at the 2-year follow-up.
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contralateral tooth in terms of its identical vertical level (score

¼2), slight (�1 mm) discrepancy (score¼ 1), or major (�1 mm)

discrepancy (score¼ 0). Finally, the proposed index combines 3

additional specific soft tissue parameters as one variable: the

presence, partial presence, or absence of a convex profile (in

analogy to a root eminence) on the facial aspect, as well as the

related mucosal color and surface texture. The latter 2 qualities

basically reflect the presence or absence of an inflammatory

process, which may in turn adversely affect the appearance of

an anterior single-tooth implant restoration. To obtain a score

of 2 for this composite variable, all 3 parameters have to be

more or less identical compared with the control tooth. A score

of 1 is assigned if 2 criteria are fulfilled, whereas a score of 0 is

assigned if none or only one parameter matches the control

site.

The WES is based on the following 5 qualities: general tooth

form; outline and volume of the clinical crown; color, which

includes assessment of the dimension’s hue and value; surface

texture; and translucency and characterization. A score of 2, 1,

or 0 was assigned to all 5 parameters. All parameters were

assessed by direct comparison with the natural, contralateral

reference tooth, estimating the degree of match or any

mismatch.

The highest possible combined PES/WES score is 20, which

represents a close match of the peri-implant soft tissue

conditions and the clinical single-tooth crown compared with

the respective features present at the contralateral natural

tooth site. A score ,6 in the individual parameters and ,12

total (PES/WES) corresponds to a nonacceptable esthetic result;

an individual score between 6 and 8 or a total score between

13 and 18 corresponds to a satisfactory esthetic result; a PES

and WES score .9 or a total score .18 indicates excellent

esthetics.

Data analyses

In the peri-implant hard and soft tissue assessment and for the

purposes of the PES/WES evaluation, such statistics as mean

values, SDs, medians, and range were included in the analyses.

RESULTS

In total, we examined 21 implants—14 upper central incisors

and 7 upper lateral incisors. The average loading period was

23.3 6 14.8 months (Figures 11 and 12). The cumulative

survival rate after 2 years of loading was 100%. Most of the

patients exhibited good oral hygiene during the follow-up

period, presenting with a visible modified plaque index of 0.9 6

0.77 and a modified bleeding index of 0.81 6 0.81. The average

probing depth was 2.4 6 0.77 mm, while total bone resorption

was 0.45 6 0.39 mm. The average amount of peri-implant

keratinized tissue was 3.1 6 0.63 mm. The overall mean PES/

WES score was 16.9 6 1.14 (Figure 13). Analyzing the single

parameters as regards the PES, the mesial and distal papilla

scored 1.62 6 0.5 and 1.24 6 0.44, respectively; the curvature

and level of facial mucosa were 1.71 6 0:46 and 1.62 6 0.5,

respectively; and the root convexity/soft tissue color and

texture at the facial aspect was 1.67 6 0.48. The mean PES

was 7.86 6 0.8. Taking into consideration the parameters of the

WES, we observed that both the general tooth form and the

outline and volume of the clinical crown scored 1.67 6 0.48; the

color and surface texture of the prosthesis scored 1.76 6 0.44

and 1.95 6 0.22, respectively, and the translucency and

characterization scored 2. The total WES value obtained was

9.5 6 0.8.

Biological and prosthetic complications

One implant failed osseointegration due to a fracture of the

splint of the provisional restoration that was not immediately

detected, which led to rotational instability 4 months after

surgery; the implant was removed and substituted with one

with a larger diameter, which healed uneventfully. In another 5

patients fracture of the splinting was found, but thanks to the

early detection, no complication occurred. In 3 patients we

observed decoupling of the final restoration after 2 weeks, so

the patients had a second recurrence and needed to be tapped

twice; no further detachments were observed.

DISCUSSION

Osseointegrated implants began 40 years ago with the

pioneering work of Branemark et al.30 Since then developments

in implant dentistry have focused on such matters as dental

materials, micro-characteristics of the implant surface, macro-

characteristics of the implant system, and soft and hard tissue

biology.

According to many authors, however, in areas of high

esthetic value it is not sufficient to rely on such criteria as

survival and osseointegration when assessing implant-pros-

thetic protocols; an esthetic evaluation is also required. This

preliminary clinical study presents the esthetic results of 21

single implants placed in the anterior maxilla using postex-

tractive immediate nonfunctional loading implant placement.

We encountered cumulative survival rates of 100% after about

2 years of loading. All patients had good plaque control

(modified plaque index¼ 0.9) and the modified bleeding index

of 0.81 was wholly compatible with peri-implant health

(modified bleeding index ,1). The average probing depth

(2.4 mm) and peri-implant bone resorption (total bone

FIGURE 13. The esthetic results of our study according to the
parameters described by Belser27:insufficient esthetic results¼pink
esthetic score (PES)/white esthetic score (WES) , 12; adequate
esthetic results ¼ 13 . PES/WES , 18; excellent esthetic results ¼
PES/WES . 18.
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resorption¼ 0.45 6 0.39 mm) confirmed peri-implant health. In

this study we considered it appropriate to subject our results to

an esthetic evaluation that would be as objective as possible

using the PES/WES, a recent esthetic index.27 Applying this

index, the treated patients had a mean PES of 7.9, a mean WES

of 9, and a total PES/WES of 17. In the literature, several studies

have recently appeared focused on the same protocol to

evaluate the esthetic of postextraction implants and immediate

loading in the anterior maxilla. However, these studies make a

distinction between the intact or not alveolar bony walls. We

did not consider this parameter in our preliminary clinical study,

but it will surely be examined in further studies with a longer

follow-up. In 2011, Mangano et al31 evaluated results obtained

in 26 patients with intact alveolar wall and thick biotype and

found a PES/WES equal to 14.3 6 2.78 after 2 years of loading.

The PES and WES medium were 7.30 6 1.78 and 7 6 1.35,

respectively. Also in 2011 , Cosyn et al32 evaluated 30 subjects

with the same characteristics described earlier and found a PES

of 10.58 , a WES of 8.17, and a PES/WES of 15.76 after 3 years. In

2012, Paul and Held evaluated the 5-year esthetic results of 31

immediately loading implants placed 1.5 mm supracrestal in

extraction sockets and found mean PES and WES of 8.38 6 1.33

and 9.5 6 0.65, respectively.33 By comparing our results with

those of the studies regarding the intact postextraction sites, it

is possible to consider our protocol comparable, good, and

reliable. In another study, Cosyn et al34 evaluated the esthetic

results of 4 different treatment modalities—traditional dental

implant protocol, immediate postextraction implant protocol,

implant placement associated with guided bone regeneration

(GBR ), and implant placement after bone block graft—and

concluded that the reconstructive surgical procedures, such a

GBR and especially bone graft, in the esthetic areas increased

the risk of complications and poor esthetic outcomes. The same

conclusions had already published in 2004 by Buser et al,11 who

later proposed35 the protocol of early implant placement to

resolve cases of nonpreserved socket in esthetic areas. This

protocol requires the patient to wait about 6 months before

completing the therapeutic procedure but results in high levels

of outcome predictability in terms of survival and esthetics. In

2009, Belser et al27 evaluated 45 implants placed in accordance

with this protocol and reported a mean PES of 7.8 6 0.88, a

mean WES of 6.9 6 1.47, and a PES/WES of 14.7 after 2–4 years.

Also in 2009, Buser et al36 evaluated the esthetic results

obtained 1 year after the early placement protocol (4–8 weeks

after extraction) associated with GBR of 20 implants placed in

the anterior maxilla; they reported a PES of 8.1, a WES of 8.6,

and a PES/WES of 16.7. In comparison with the results reported

by Buser et al26 and Belser et al,27 our PES/WES values ranks as

satisfactory and confirm the reliability of this technique from an

esthetic point of view. From the esthetics analysis of soft

tissues, the PES we report is slightly lower than that obtained

by protocols that recommend operating on soft tissues already

healed but forcing patients to a temporary removable or

bonded prosthesis for 6 or 7 months.

CONCLUSIONS

Based on these data, our protocol seems to give good results in

terms of survival rate, peri-implant tissue health, and esthetics.

In our opinion, given the good results we have obtained,

further studies would be appropriate to assess a larger sample

with a longer follow-up so that more definitive conclusions can

be achieved.

ABBREVIATIONS

GBR: guided bone regeneration

PES: pink esthetic score

WES: white esthetic score

NOTE

This article was presented in the poster session of the 21st

Società Italiana di Osteointegrazione (SIO) Congress, February

8–9, 2013 in Milan, Italy.
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