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ABSTRACT

Background: The scalloped dental implant (NobelPerfectTM, Nobel Biocare, Yorba Linda, CA, USA) is designed to biolog-
ically guide and facilitate interproximal bone remodeling during healing and to maintain bone height and papillae during
functional loading. The design features of the scalloped implant include hard and soft tissue apposition areas, which are
parallel to each other and mirror the cementoenamel junction. The hard tissue surface area is intended for osseointegra-
tion. The soft tissue surface area is meant to support the connective tissue zone and to provide a space for the subgingi-
val margin of the restoration. Current literature on the clinical performance of the scalloped dental implant is limited.

Purpose: The aim of this study was to evaluate whether the scalloped dental implant maintains interproximal bone and
the overlying soft tissue.

Materials and Methods: Radiographs for six patients (mean age 40.5 years) treated with 17 implants (NobelPerfect) were
reviewed for an 18-month follow-up evaluation of bone response. Orthodontic movement and/or autogenous bone aug-
mentation had been provided to obtain the best possible soft and hard tissue dimensions prior to implant placement. A
surgical guide was used for an optimal implant placement. No surgical flap was reflected, and implants were placed a
minimum of 2 mm and a maximum of 3 mm apical (midbuccally) to the most apical portion of the surgical guide. Final
optimal rotational alignment was achieved in all cases by not exceeding 45 Ncm. Implants were immediately restored with
provisional crowns. Photographic documentation provided the basis for analysis of papillary response. Radiographic
change in the interproximal bone level was obtained by computer analysis (ImageJ for Windows, National Institutes of
Health, Bethesda, MD) by measuring the distance from the interproximal shoulder of the scalloped implant to the crest
of the bone.

Results: When the scalloped implants were placed adjacent to existing natural dentition, the average bone level at place-
ment and at 6, 12, and 18 months was −1.7, −3.5, −3.8, and −3.9 mm, respectively, compared with −1.0, −3.6, −4.3, and 
−4.4 mm respectively, when placed adjacent to other scalloped implants. Papillae formation exhibited no differences from
the configuration that typically results after placement of conventional dental implants. Moreover, bone loss around the
scalloped implants was notably greater than that expected after traditional implant placement.

Conclusion: This chart review of 17 scalloped implants, followed for 18 months, determined that the scalloped implant
design resulted in bone loss that was more severe than that associated with properly placed conventional dental implants.
Further, the design showed no evidence of exceptional capacity to increase or maintain soft tissue height.
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Clinical trials have shown evidence of high implant

survival and success rates in the maxillary anterior

segment.1–3 However, most of the published studies do
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not include detailed evaluation of esthetic parameters.

A harmonious gingival display is highly valued by

patients in this segment of the mouth and contributes

significantly to facial expression.4 Patient satisfaction

with maxillary anterior implants is unlikely to be met

unless well-defined esthetic standards are addressed.5

In single implant sites without tissue deficiencies,

an esthetic treatment outcome is generally successful

because it depends on the tissue support provided by 

the adjacent teeth.6,7 In contrast, the esthetic outcome of

multiple adjacent implants presents a major challenge

for the clinician.8–10

The scalloped implant is designed to keep or create

interdental bony peaks that support the soft tissue,

thereby maintaining or creating interimplant papil-

lae.11–13 The primary esthetic goal of the scalloped

implant design is to avoid the dark, triangular space

known as the “black triangle.” The space appears when

bone remodeling results in loss of osseous support for

the papillae.14,15 The esthetic concern is increased when

the patient has an alveolar morphotype leading to a pro-

nounced scalloped profile of the hard and soft tissues,

which can be further complicated by the gingival display

of a high smile line.16 The scalloped implant offers a

contour design in which the modified platform mirrors

the natural cementoenamel junction of the anterior

teeth and follows the anatomic contour of the anterior

alveolar bone crest.

The intention of the scalloped implant design is to

influence the biology and preserve the interproximal

bone. The manufacturer of the implant (Nobel Biocare,

Yorba Linda, CA, USA) suggests that the implant design

minimizes bone loss in the interproximal area of adja-

cent implants and enhances the formation of the inter-

implant papillae. Further, the design is expected to

facilitate establishment of the biologic width, which is

influenced by the location of the implant-abutment

interface.17–19 Scalloped hard and soft tissue apposition

areas are noted features of the design.

With regard to scalloped implant design, biologic

considerations have been attentively analyzed and an

attempt has been made to execute design concepts based

on scientific principles. To date, however, theories of

hard and soft tissue response to the scalloped implant

design have not been clearly substantiated and a Medline

literature review revealed that no compelling clinical

evidence has been documented. No large randomized

controlled trials or smaller observational clinical studies

have shown that tissues actually respond consistently to

the curvature design of the scalloped implant, as sug-

gested by clinicians and the manufacturers of the device.

The literature can offer only several reports of case

studies that have provided no more than short-term

outcomes.13,20–22 Some of these publications provide a

few illustrative radiographs, but no precise measure-

ments of progressive bone loss have been presented by

any of the investigators. Therefore, the present study was

initiated to attempt to answers the following questions:

1. Does the scalloped implant allow for the mainte-

nance of interproximal bone?

2. Does scalloped bone apposition remain stable?

3. Does the scalloped implant allow for the mainte-

nance of interproximal papillae?

4. Do interimplant papillae remain stable?

METHODS AND MATERIALS

Under a chart review protocol approved by the Univer-

sity of Southern California Institutional Review Board

(USC UPIRB #05-07-208), consecutive patients who

received adjacent scalloped dental implants (multiple

implants) in the maxillary anterior segment were

selected. Six consecutively treated patients (two males,

four females) with a mean age of 40.5 years (range 26–

54 years) were evaluated. Orthodontic therapy and/or

autogenous ridge augmentation had been performed to

provide the best possible horizontal and vertical soft and

hard tissue dimensions prior to implant placement.

Hard and soft tissue conditions, including interproximal

bone height and osseous contour, were evaluated using

computed tomography and periapical radiographs.

Anatomic conditions were reconfirmed at the time of

surgery by direct sounding.

Selected cases fulfilled the following criteria:

• Bone quality of type 2 to 3 (Lekholm and Zarb23) in

the planned implant placement site and vertical

bone height that housed ≥10 mm implant

• No history of smoking

• No systemic contraindications

• No parafunctional habits

• Primary implant stabilization was determined with

an insertion torque of 45 Ncm

One of the six selected patients had been treated

with two-stage implants. Three of the scalloped

implants placed for the two-stage patient were located
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in the maxillary posterior sextant. The five other sub-

jects had only anterior sextant scalloped implants with

immediate placement and immediate load.

Surgical Procedures

All surgical procedures were performed by one peri-

odontist (H.N.). The surgical approach and techniques,

which were used for all chosen subjects, are described as

follows:

The primary reference for site preparation was the

interproximal bone level. A surgical guide mimicking

the planned restoration as it emerges from the site was

used for an optimal implant placement. The surgical

guide was tooth supported and identified the desired

emergence of the crown from the soft tissue at its apical

extension.

No surgical flap was reflected, and implants were

placed a minimum of 2 mm and a maximum of 3 mm

apical (midbuccally) to the most apical portion of the

surgical guide. These guidelines were used to optimize

the contours of the implant restorations.

Alignment of the interproximal peaks followed the

natural arch curvature and not a straight line. Final rota-

tional alignment was achieved by using the Nobel-

PerfectTM implant driver,not exceeding 45 Ncm of torque.

The manual torque wrench was used to complete the

seating of the implants and align the interproximal

Brånemark System® TiUnite peaks (Nobel Biocare AB,

Göteborg, Sweden) with the interproximal bone.

Prosthetic Procedures/Insertion of the
Provisional Crowns for One-Stage 
Immediate Function

Implants were immediately restored with provisional

crowns for five subjects. Provisional restorations were

fabricated using the provided coping. The copings were

placed on the abutments, and a self-curing temporary

acrylic shell was placed over the coronal part of the

coping, after which the shell coping assembly was

removed and brought to full contour extraorally on an

implant analogue in order to minimize contamination

of the surgical site. The acrylic was trimmed and 

polished to the premachined margin of the coping.

The occlusal contacts of the provisional crowns were

adjusted to light contact in maximal intercuspal position

(pulling two layers of Mylar with light resistance) and to

avoid excursions where possible.

Clinical Measurements

All patients had been monitored with measurements

appropriate to the placement of the scalloped implant

design. Seventeen scalloped implants (NobelPerfect)

were placed and reviewed for 18 months post implant

placement. Computerized evaluation of radiographic

interproximal bone level was performed at time inter-

vals of 0, 6, 12, and 18 months postsurgically. Periapical

radiographs were obtained with a dental x-ray machine

operating at 60 kVp. Long-cone paralleling projection,

using a Rinn film holder, yielded a focusfilm distance 

of approximately 25 cm. Film speed group E (Kodak

Ektaspeed, Eastman Kodak, Rochester, NY, USA) was

used and developed immediately in an automatic devel-

oping machine. Only radiographs perpendicular to the

long axis of the fixtures (ie, showing clearly visible

fixture threads) were used for evaluation.

Mesial and distal marginal radiographic bone level

changes were recorded using ImageJ for Windows. ImageJ

is a public domain Java image processing program, based

on NIH Image, which calculates area and pixel value sta-

tistics for user-defined selections.24,25 Spatial calibration

was set to express dimensional units in millimeters. The

interproximal shoulder of the implant served as a refer-

ence to the radiographic bone level. The fixture threads

served as an internal reference. Bone level was measured

as the distance from the interproximal shoulder of the

scalloped implant to the crest of the bone.

Pre- and postsurgical radiographic evaluation of the

scalloped implant to the neighboring teeth or adjacent

scalloped implants was performed. The bone quality,

based on the Lekholm and Zarb classification,23 was 

clinically assessed during surgery. For each follow-up

appointment, the radiographic change in the inter-

proximal bone level was numerically calculated by com-

paring the previous level with the current level.

Data Analysis

Frequency data and all measurements are presented in

Tables 1 and 2, with one-stage and two-stage measure-

ments indicated separately. Radiographic and clinical

photographs following one subject through the presur-

gical and postsurgical phases of one-stage treatment are

presented.

RESULTS

When the scalloped implant was placed adjacent to the

existing natural dentition, the average bone level at the
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time of placement and at 6, 12, and 18 months was −1.7,

−3.5, −3.8, and −3.9 mm, respectively, compared with 

−1.0, −3.6, −4.3, and −4.4 mm, respectively, when placed

adjacent to scalloped implants (see Table 1).

Table 2 presents raw data for all subjects, showing

demographics and crestal bone measurements over

time. The table is color-coded to indicate whether the

site measured is an interproximal surface for implant-

TABLE 1 Radiographic Analysis Comparing Implant-
Implant and Implant Tooth Peri-Implant Mean Bone
Level at 0, 6, 12, and 18 Months

Mean Peri-Implant T0 T1 T2 T3

Bone Level (mm) (Placement) (6mo) (12mo) (18mo)

Implant-implant −1.0 −3.6 −4.3 −4.4*

(16 peri-implant

sites T0–T2)

Implant-tooth −1.7 −3.5 −3.8 −3.9†

(10 peri-implant

sites T0–T2)

n = 13 one-stage scalloped implants for 5 subjects.
*Ten peri-implant sites at T3.
†Eight peri-implant sites at T3.

TABLE 2 Mesial and Distal Radiographic Bone Level Measured at 0, 6, 12, and 18 Months (Distance from the
Interproximal Shoulder of the Scalloped Implant to the Crest of the Bone)

Subject Implant T0 (Placement) T1 (6mo) T2 (12mo) T3 (18mo)

(ASA, Gender, Age) Position M D M D M D M D

II, F, 49 yr (one stage) 7 −0.3 −1.0 −4.3 −3.6 −6.6 −4.7 * *

8 −1.8 −1.7 −3.4 −3.0 −4.1 −3.7 * *

9 1.4 −1.0 −3.6 −4.1 −3.9 −5.7 * *

10 −0.8 −5.8 −4.5 −3.9 −5.2 −4.8 * *

I, F, 37 yr (one stage) 7 −2.3 −3.3 −3.4 −3.9 −4.8 −4.5 −5.2 −4.6

8 −4.4 −3.2 −5.8 −3.0 −5.3 −5.1 −5.8 −5.8

I, F, 26 yr (one stage) 8 −3.7 −1.8 −4.7 −5.6 −4.6 −4.8 −4.9 −5.4

9 −2.0 −1.1 −3.8 −3.0 −3.4 −3.1 −5.2 −3.9

II, M, 54 yr (one stage) 8 −1.4 1.8 −3.8 −4.0 −3.9 −3.9 −4.7 −3.9

9 0.3 0.9 −4.5 −3.6 −4.4 −4.6 −4.7 −5.0

10 0.9 −0.3 −2.1 −1.1 −2.4 −1.9 −2.5 −1.9

II, M, 36 yr (one stage) 8 −0.5 −0.6 −3.2 −3.1 −3.3 −3.3 −3.4 −3.6

9 −0.4 −0.4 −2.7 −1.4 −3.0 −2.1 −3.0 −2.5

I, F, 41 yr (two stage) 9 −3.1 −2.3 −1.2 −3.0 * * −2.6 −3.0

12 −0.6 0.6 −0.4 0.8 * * −3.3 −2.3

13 −1.4 −1.7 −1.6 −1.4 * * −2.7 −3.6

14 −1.6 −1.7 −1.7 −1.4 * * −2.8 −2.1

ASA = American Society of Anesthesiologists; D = vertical bone level measured on distal surface of implant; M = vertical bone level measured on mesial
surface of implant.
Black = implant-tooth site; blue = implant-pontic site; red = implant-implant site.
*Data not available.

Figure 1 Average radiographic crestal bone change (mm) from
placement to 18 months: implant-implant versus implant-
tooth sites.
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implant, implant-tooth, or implant-pontic sites. For

unknown reasons, 18-month follow-up data were not

documented for one subject, who had four implants

placed. However, Table 2 indicates that by the 12-month

monitoring appointment, the patient had shown a

pattern of bone loss similar to that of the other patients

reviewed. Data for one two-stage subject are presented

but have not been included in the averages calculated for

Table 1 and Figure 1.

Figure 1 is a bar graph illustrating average crestal

bone changes, implant-implant versus implant-tooth

sites, for 13 one-stage scalloped implants from place-

ment to 6 months, from 6 to 12 months, and from 12 to

18 months. As previously stated, no 18-month data were

available for 4 of the 13 one-stage implants.

Figures 2 to 13 are presurgical, placement day, and

postsurgical follow-up photographs and radiographs for

a one-stage treatment subject.

DISCUSSION

The scalloped design did not promote superior inter-

proximal bone and papilla height compared with 

previously reported outcomes of the conventional 

flat-platform design.26 Bone remodeling occurred

around the scalloped dental implants in a biologic

response similar to or greater than that which has been

Figure 2 Radiographic view of the surgical site after autogenous bone grafting to enhance the buccolingual width of the bone.

Figure 3 Clinical view of the grafted site. Autogenous cortical
bone was used to optimize the bone width.

Figure 4 Following the insertion of the implants immediately
after extractions, the impression was taken for the fabrication of
the provisional teeth.
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described for flat prosthetic platforms.26,27 The support-

ing bone tissue receded to the level of the first thread of

the implant and beyond.

Other investigators have documented bone loss

around currently used implant designs. In a recent clin-

ical and radiographic comparison of regular platform

dental implants with surfaces roughened by anodic oxi-

dation (TiUnite), dual acid-etched implants (Osseotite,

3i/Implant Innovations, West Palm Beach, FL, USA),

and machined implants (Brånemark System), Aalam

and Nowzari reported similar bone remodeling among

implant groups that averaged 1.3 mm at 24 months, with

a range of 1.2 to 1.5 mm.28

When examining marginal bone resorption around

TiUnite regular implants placed early in function,

Vanden Bogaerde and colleagues reported 0.8 mm 

bone loss, as opposed to 1.6 mm, with machined-surface

implants.29 However, this reported difference between

TiUnite and machined surface implants was not found

to be statistically significant.

Figure 6 Radiographic views on the day of placement. Interproximal bone peaks are evident between implants.

Figure 5 Clinical view of the impression copings and the
surgical guide. The surgical template was used to take the
impression.

Figure 7 Radiographic view at 2 months postsurgery.
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Another prospective clinical study evaluated

directly loaded Brånemark System or Replace Select

Tapered implants with a TiUnite surface (Nobel Biocare

AB) in the maxilla; the marginal bone resorption was

also reported to be 0.8 mm, with a standard deviation of

0.9 mm.30 It should be noted that implants used in the

present study have a body configuration similar to that

of Replace Select Tapered implants; however, the latter

are not scalloped.

Overall, prospective studies of Brånemark System

implants with the TiUnite surface have reported a 

mean marginal bone resorption of 1.4 mm at 1 year31

and 1.3 mm at 4 years.32 In the latter study, Brånemark

System TiUnite implants were immediately occlusally

loaded and the standard deviation of bone loss was 

0.9 mm. When Brånemark System Mk IV implants with

a machined surface were evaluated after an immediate-

loading protocol and flapless surgery in the maxilla, the

marginal bone resorption averaged 1.0 mm during the

first year of loading, 0.4 mm during the second year, and

0.1 mm during the third year.33

The studies cited provide estimates of the amount

of bone resorption that can be anticipated after implant

placement. The bone resorption detected around scal-

loped implants in the present study exceeded that which

has been documented for traditional implants by other

investigators.

Bone resorption noted around scalloped implants

placed after a two-stage approach (see Table 2) also

demonstrated a pattern similar to that observed around

traditional platforms. It should be noted that at the 

time of second-stage surgery, all of these implants were

covered by bone.

The scalloped implant is designed to biologically

guide and facilitate bone remodeling.9 However, deter-

mining factors in interimplant papillae development are

complex and cannot likely be met by limited design 

features.8 The black triangle is a significant problem in

dental implant esthetics and can exist for reasons other

than peri-implant bone height, such as the thickness 

of the bone, tooth morphology, and arrangement and

quality of soft tissue fibers, including the dentogin-

givoalveolar, circular, semicircular, transseptal, inter-

papillary, and intergingival fibers.

Figure 8 Radiographic view at 3 months postsurgery.

Figure 9 Radiographic view at 12 months postsurgery. Note
resorption of interproximal bone peaks.
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In the natural dentition, tooth morphology corre-

lates with periodontal biotype.16,34–36 Ochsenbein and

Ross described healthy periodontal tissues by use of

the biotype categories of “thin scalloped” (thin gingival

tissue, long papillae, and thin, scalloped bone) and

“thick flat” (thick gingival tissue, short and wide papil-

lae, and thick, flat bone).37 Olsson and Lindhe further

described the periodontium with observations of asso-

ciated tooth form and susceptibility to gingival reces-

sion. The triangular tooth is present with the scalloped

and thin periodontium.38 The contact area for the tri-

angular tooth shape is at the coronal third of the crown,

underlining a long and thin papilla. The squared tooth

combines with a thick and flat periodontium. The

contact area for the square tooth shape is at the middle

third of the crown, supporting a short and wide papilla.

None of the patients reviewed and evaluated in the

present study were categorized as having a thin, highly

scalloped biotype, which would have presented an addi-

tional problem of susceptibility to the black triangle

owing to the extended distance from the contact point

to the crest of the bone.15 Even so, when guidelines to

control for proper contours of implant restorations were

used and the buccal surface of the implant was placed 

2 to 3 mm below the margin of the intended clinical

crown, the peaks of the implant were often at or below

the level of the bone peaks for implants placed immedi-

ately postextraction. These considerations call into ques-

tion whether any average platformcan accommodate the

Figure 10 Radiographic view at 18 months postsurgery.
Recession of the supporting bone tissue is evident
interproximally.

Figure 12 Clinical view 1 month postoperatively.

Figure 11 Clinical view of the provisional teeth placed on the
same day as the surgical insertion of the implants. No suturing
was needed because no surgical flap was raised.

Figure 13 Clinical view of definitive restorations at 18 months.
Note loss of papillae between implant-supported restorations.
Note the presence of papillae between implant-supported
restorations and natural teeth.
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host of variations found clinically, even if the implant

design is conceptually sound.

Bone characteristics that can significantly affect the

soft tissue morphology are the thickness, height, and

contour of the facial alveolar plate.16 The morphology of

the alveolar plate exhibits a wide range of variation. A

dynamic balance between functional forces and the alve-

olar bone shapes the alveolar morphology. The direc-

tion, intensity, and duration of the forces are reflected 

in the bone density and thickness. The thickness and

height of the facial alveolar plate are also influenced by

root-to-bone angulation. Labial inclination is associated

with a thin and scalloped facial alveolar bone that is

located in a more apical position than normally. Lingual

inclination is associated with a thick and flat facial alve-

olar bone that is located in a more coronal position.

Implants placed in the cases reviewed for the

present study were lingually inclined to provide a thicker

coronal portion of the facial alveolar plate and counter-

act peri-implant bone resorption. Optimal vertical and

horizontal enlargements of the facial alveolar plate are

critical to the long-term maintenance of the soft tissue

height.39 In addition, no surgical flap was raised to

prevent soft tissue loss and preserve the existing tissue.40

In the present study, remodeling ultimately resulted in

loss of the interimplant bone and papilla. No advantages

for maintaining interproximal bone could be attributed

to the scalloped implant.

Logic and science-based theories must be the start-

ing point for all dental implant research. However, rec-

ommendations for use and marketing must be based on

clinical evidence that new designs are truly efficacious in

accomplishing what is claimed. Based on the findings in

this study, the scalloped implant provided no advantages

over traditional dental implant designs. The scalloped

implants placed exhibited an unexpected average of

approximately 4.0 mm of interproximal bone loss at 18

months of follow-up. Excessive bone resorption is unde-

sirable and may threaten the long-term esthetics and 

stability of dental implants. Therefore, the results of

this study raise a concern that further studies with 

long-term, prospective, controlled designs and greater

numbers of subjects are urgently needed.
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