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ABSTRACT
Objectives: The objective was to test the hypothesis of no difference in implant treatment outcome after installation of
implants with a scalloped implant-abutment connection compared to a flat implant-abutment connection.
Material and Methods: A MEDLINE (PubMed), Embase and Cochrane library search in combination with a hand-search of
relevant journals was conducted. No language or year of publication restriction was applied.
Results: The search provided 298 titles. Three studies fulfilled the inclusion criteria. The included studies were characterized
by low or moderate risk of bias. Survival of suprastructures has never been compared within the same study. High implant
survival rate was reported in all the included studies. Significantly more peri-implant marginal bone loss, higher probing depth
score, bleeding score and gingival score was observed around implants with a scalloped implant-abutment connection. There
were no significant differences between the two treatment modalities regarding professional or patient-reported outcome
measures. Meta-analysis disclosed a mean difference of peri-implant marginal bone loss of 1.56 mm (confidence interval: 0.87
to 2.25), indicating significant more bone loss around implants with a scalloped implant-abutment connection.
Conclusions: A scalloped implant-abutment connection seems to be associated with higher peri-implant marginal bone
loss compared to a flat implant-abutment connection. Therefore, the hypothesis of the present systematic review must be
rejected. However, further long-term randomized controlled trials assessing implant treatment outcome with the two treatment
modalities are needed before definite conclusions can be provided about the beneficial use of implants with a scalloped
implant-abutment connection on preservation of the peri-implant marginal bone level.
Keywords: anodontia; dental implants; dental implant-abutment design; dental prosthesis; radiology; randomized controlled
trial.
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INTRODUCTION
Installation of osseointegrated oral implants is a
highly successful treatment of complete, partial or
single edentulism [1-4]. Traditionally, the outcome
of dental implant treatment has been described using
objective success criteria from clinical and radiologic
parameters. However, during the last decades, there
has been a gradual shift in success criteria from
survival of implants towards optimal preservation
of soft and hard tissues as well as patient aesthetic
demands, especially in the visible aesthetic zone
[4-6]. Therefore, the appearance of the peri-implant
soft-tissue is critical for successful implant treatment
outcome and the criteria for implant success in the
aesthetic zone should include the establishment of a
soft tissue contour with an intact interproximal papilla
and a gingival outline that is harmonious with the
gingival profile of the adjacent dentition [7].
The level of the peri-implant marginal bone
influences the level of the peri-implant mucosa [7].
Preservation of the height of the peri-implant bone
crest is therefore essential for the papilla height and
the harmonious integration of the restoration. Various
approaches have been described in the literature to
prevent the peri-implant marginal bone loss, including
platform switching, non-submerged approach,
implant design modifications and immediate implant
placement. Different implant neck configurations
and surface characterization have been associated
with reduced peri-implant marginal bone loss as
documented in several systematic reviews [8,9].
However, the current literature provides insufficient
evidence about the effectiveness of different implantabutment designs and materials in the stability of the
peri-implant tissues [10].
Oral implants have previously been characterised by
a flat implant-abutment connection perpendicular
to the implant axis. However, the alveolar process
normally exhibits a three-dimensional anatomy with
a lower bone level facially and lingually as compared
with the interproximal areas. The anatomy of the
alveolar bone crest can therefore be classified as flat,
scalloped, or pronounced scalloped. Implants with
a flat implant-abutment connection are suitable for
installation within an alveolar process with a flat
plateau. However, an implant design with a scalloped
implant-abutment connection may be more biological
feasible due to a frequent presence of a threedimensional topography of the alveolar process. It has
been suggested that an implant neck with a scalloped
implant platform might preserve the proximal
marginal bone and improve the biologic and aesthetic
http://www.ejomr.org/JOMR/archives/2017/1/e2/v8n1e2ht.htm
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outcome [11-13]. Moreover, an animal study in rabbits
has demonstrated enhanced preservation of the periimplant marginal bone and significantly less crestal
bone loss with a microthreaded scalloped implant
design compared to a conventional flat implantabutment connection [14].
The dental implant NobelPerfect (Nobel Biocare,
Göteborg, Sweden) has a scalloped implant-abutment
connection, which is designed to guide and facilitate
interproximal remodelling during healing and to
maintain bone height and papillae during functional
loading. The implant treatment outcome after
installation of NobelPerfect implants has previously
been assessed in a non-comparative studies reporting
high implant survival rate and preservation of the
peri-implant marginal bone level [15,16]. However,
comparative human studies assessing different
implant neck designs are necessary to prove that the
scalloped implant design facilitates interproximal
bone remodelling and causes less peri-implant bone
loss compared to a flat implant-abutment connection.
Therefore, the objective of the present systematic
review was to test the hypothesis of no difference
in implant treatment outcome after installation of
implants with an anatomically designed scalloped
implant-abutment connection compared to a flat
implant-abutment connection.
MATERIAL AND METHODS
Protocol and registration
The methods of the analysis and inclusion criteria
were specified in advance and documented in a
protocol. The review was registered in PROSPERO,
an international prospective register of systematic
reviews.
The protocol can be accessed at:
http://www.crd.york.ac.uk/PROSPERO/display_
record.asp?ID=CRD42017057312
Registration number: CRD42017057312.
The present systematic review was conducted in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
statement for reporting systematic reviews
[17].
Types of publications
The review included studies on humans. Letters,
editorials, PhD theses, letters to the editor, case
reports, abstracts, technical reports, conference
proceedings, animal or in vitro studies and literature
review papers were excluded.
J Oral Maxillofac Res 2017 (Jan-Mar) | vol. 8 | No 1 | e2 | p.2
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Types of studies
The review included all human randomized controlled
clinical trials and controlled clinical trials comparing
the final implant treatment outcome after installation
of implants with a scalloped implant-abutment
connection compared to a flat implant-abutment
connection.
Types of outcome measures
The primary outcome measures are the most
important measures for evaluating of the final implant
treatment outcome. Secondary outcome measures
were also included in the present systematic review as
surrogate measures.
The primary outcome measures included:
• Survival of suprastructures. Loss of suprastructure
was defined as a total loss because of a mechanical
and/or biological complication.
• Survival of implants. Loss of implants was defined
as mobility of previously clinically osseointegrated
implants and removal of non-mobile implants due
to progressive peri-implant marginal bone loss and
infection.
In addition, the following secondary outcome
measures were assessed:
• Clinical peri-implant soft tissue measurements.
• Radiographic peri-implant marginal bone loss.
• Professional and patient-reported outcome
measures.
• Technical and biological complications.
Information sources
The search strategy incorporated examinations of
electronic databases, supplemented by a thorough
hand-search page by page of relevant journals
including “British Journal of Oral and Maxillofacial
Surgery“, “Clinical Implant Dentistry and Related
Research“, “Clinical Oral Implants Research“,
“European Journal of Oral Implantology“, “Implant
Dentistry“, “International Journal of Oral and
Maxillofacial Implants“, “International Journal of
Oral and Maxillofacial Surgery“, “International
Journal of Periodontics and Restorative Dentistry“,
“International Journal of Prosthodontics“, “Journal
of Clinical Periodontology“, “Journal of Dental
Research“, “Journal of Oral Implantology“, “Journal
of Oral & Maxillofacial Research“, “Journal of
Periodontology“, “Journal of Prosthetic Dentistry“,
“Journal of Craniofacial Surgery“, “Journal of
Cranio-Maxillo-Facial Surgery“, “Journal of Oral
and Maxillofacial Surgery“, “Periodontology 2000“,
http://www.ejomr.org/JOMR/archives/2017/1/e2/v8n1e2ht.htm
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“Oral and Maxillofacial Surgery“, “Oral Surgery
Oral Medicine Oral Pathology Oral Radiology“.
The manual search also included the bibliographies
of all articles selected for full-text screening as well
as previously published reviews relevant for the
present systematic review. Two of the reviewers (TSJ
and HL) performed the search. Any disagreements
were resolved by consensus between the two
observers.
Search
A MEDLINE (PubMed), Embase, and Cochrane
Library search was conducted. No language or year
of publication restriction was applied. The search
strategy was performed in collaboration with a
librarian and utilized a combination of Medical
subject heading (MeSH) and free text terms:
1. exp Dental Implantation/ (18640)
2. exp Dentures/ (42691)
3. ((tooth or teeth* or dental) adj3 implant*).mp.
(34344)
4. Dental Abutments/ (7289)
5. Dental Implant-Abutment Design/ (746)
6. abutment*.mp. (11217)
7. 1 or 2 or 3 or 4 or 5 or 6 (72413)
8. (scallop* or flat).mp. (46000)
9. 7 and 8 (298)
Selection of studies
The titles of the identified reports were initially
screened. The abstract was assessed when the
title indicated that the study was relevant. Fulltext analysis was obtained for those with apparent
relevance or when the abstract was unavailable. The
references of the identified papers were cross-checked
for unidentified articles. The study selection was
performed by two of the reviewers (TSJ and HL). Any
disagreements were resolved by consensus between
the two observers.
Study eligibility
The inclusion criteria were developed using the
PICOS guidelines (Table 1).
Inclusion criteria
Human studies assessing the final implant treatment
outcome after installation of implants with a scalloped
implant-abutment connection compared to a flat
implant-abutment design were included by addressing
the previously described outcome measures.
J Oral Maxillofac Res 2017 (Jan-Mar) | vol. 8 | No 1 | e2 | p.3
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Table 1. PICOS guidelines
Patient and population (P)

All adult patients (> 18 years) with a missing or non-restorable anterior tooth requiring delayed or
immediate implant treatment.

Intervention (I)

Installation of an implant with a scalloped implant-abutment connection.

Comparator or control group
(C)

A flat implant-abutment design

Outcomes (O)

Survival of suprastructures, survival of implants, clinical soft tissue measurements, peri-implant
marginal bone level, professional and patient-reported outcome measures.

Study design (S)

Human studies, including randomized controlled trials and controlled clinical trials, with the aim of
comparing the final implant treatment outcome after installation of implants with an anatomically
designed scalloped implant-abutment connection compared to a flat implant-abutment design.

Focused question

Are there any differences in the final implant treatment outcome after installation of oral implants
with scalloped implant-abutment connection compared to a flat implant-abutment design?

The review exclusively focused on studies with
a minimum of one year observation period after
functional loading. In addition, at least 10 patients
should be included in the study and the number of
inserted implants must be clearly specified.
Exclusion criteria
Uncontrolled clinical trials, studies with insufficient
description of the performed numbers of surgical
procedures and length of follow-up period were
excluded.
Data extraction
Data were extracted by one reviewer (TSJ) according
to a data-collection form ensuring systematic
recording of the outcome measures. In addition,
relevant characteristics of the study were recorded.
The corresponding author was contacted by e-mail in
the absence of important information or ambiguities.
Data items
The following items were collected from the included
articles and arranged in the following fields: patients,
time of implant installation, implant platform design,
prosthetic solution, time before loading, length of
observation period, survival of implants, clinical soft
tissue measurements, peri-implant marginal bone
level, professional and patient-reported outcome
measures.
Assessment of methodological quality
The quality assessment of the included studies was
undertaken as part of the data extraction process. A
methodological quality rating system was used and
the classification of the risk of bias potential for each
study was based on the following five criteria:
http://www.ejomr.org/JOMR/archives/2017/1/e2/v8n1e2ht.htm

•
•

Random selection in the population (yes/no).
Definition of inclusion and exclusion criteria
(yes/no).
• Report of losses to follow-up (yes/no).
• Validated measurements (yes/no).
• Statistical analysis (yes/no).
The studies were grouped according to:
• Low risk of bias (plausible bias unlikely to
seriously alter the results) if all above-described
quality criteria were met.
• Moderate risk of bias (plausible bias that weakens
confidence in the results) when one of these
criteria were not included.
• High risk of bias (plausible bias that seriously
weakens confidence in the results) when two or
more criteria were missing.
Assessment of heterogeneity
The significance of any discrepancies in the
estimates of the treatment effects of the different
studies was assessed by means of Cochran’s test for
heterogeneity and the I2 statistic, which describes the
percentage total variation across studies that is due
to heterogeneity rather than chance. Heterogeneity
was considered statistically significant if P < 0.1.
A rough guide to the interpretation of I2 given in the
Cochrane Handbook is as follows: (1) at 0 - 40% the
heterogeneity might not be important, (2) 30 - 60%
may represent moderate heterogeneity, (3) 50 - 90%
may represent substantial heterogeneity, and (4)
75 - 100% may represent considerable heterogeneity
[18].
RESULTS
Study selection
Article review and data extraction were performed
according to the PRISMA flow diagram (Figure 1).
J Oral Maxillofac Res 2017 (Jan-Mar) | vol. 8 | No 1 | e2 | p.4
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Additional titles identified through
hand-searching
n=0

Titles after duplicates removed
n = 298

Abstracts screened
n = 29

Abstracts excluded
n = 15

Full-text articles assessed
for eligibility
n = 14

Full-text articles excluded,
with reasons
n = 11

Studies included in
qualitative synthesis
n=3

Figure 1. PRISMA flow diagram demonstrating the results of the systematic literature search.

A total of 298 titles were identified and 29 abstracts
were reviewed. Full-text analysis included 14 articles
and three studies were finally included in the present
systematic review [19-21]. No article was included as
the result of hand-searching. One study was excluded
[22] because the same patient sample with a 5-year
observation period was reported in another included
publication [21]. Another study was excluded [23],
because identical patient sample and outcome
measures were reported in another publication [19].
Exclusion of studies
The reasons for excluding studies after full-text
assessment were as follows: the study could not be
excluded before meticulous reading (n = 4), the same
patient sample was reported in another publication
(n = 2), retrospective studies or case-series without a
control group (n = 5).
Study characteristics
The included studies in the present systematic review
consisted of two randomised controlled trials [19,21]
http://www.ejomr.org/JOMR/archives/2017/1/e2/v8n1e2ht.htm

and one prospective controlled trial [20].
Forty patients were allocated to installation of either
two adjacent implants with a scalloped implantabutment connection (NobelPerfect Groovy, Nobel
Biocare) or two adjacent implants with a flat implantabutment
connection
(NobelReplace
Groovy,
Nobel Biocare) in the anterior maxilla, in a 5-year
randomised clinical trial [21]. Bone augmentation
was performed prior to implant installation in
approximately half of the patients. Abutment
connection and single crowns restorations were
fabricated three months after implant installation.
Four patients with a scalloped implant-abutment
connection and one patient with a flat implantabutment connection did not participate in the 5-year
follow-up examination [21].
Twenty-four patients divided in two groups of
12 implants with a scalloped implant-abutment
connection (NobelPerfect, Nobel Biocare) and 12
implants with a flat implant-abutment connection
(MK III RP, Nobel Biocare) inserted in the premolar,
canine and incisor region in both the maxilla and the
mandible, in a 3-year controlled trial [20]. Guided
bone regeneration with autogenous bone graft mixed
J Oral Maxillofac Res 2017 (Jan-Mar) | vol. 8 | No 1 | e2 | p.5
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with Bio-Oss was performed in conjunction with
implant installation in 11 patients with a scalloped
implant-abutment connection. Abutment connection
and single crowns restorations were fabricated six
months after implant installation. One patient with
a scalloped implant-abutment connection did not
participate in the 3-year follow-up examination [20].
Ninety-three patients were allocated to three groups
involving installation of 31 implants with a scalloped
implant-abutment connection (NobelPerfect, Nobel
Biocare), 31 implants with a rough neck and a flat
implant-abutment connection (NobelReplace Groovy,
Nobel Biocare), and 31 implants with a smooth neck
and a flat implant-abutment connection (Replace
Select Taperered, Nobel Biocare) inserted in the
anterior maxilla, in a 1-year randomised clinical
trial [19]. Bone augmentation was performed prior
to implant installation in approximately one third
of patients. Abutment connection and single crowns
restorations were fabricated three months after
implant installation. All patients attended the 1-year
follow-up examination [19].
The clinical peri-implant soft tissue measurements
was assessed in two studies [20,21], involving
bleeding score, gingival score, probing depth score,
plaque scores, marginal gingiva levels and papilla
index.
The radiographic peri-implant marginal bone loss was
assessed in three studies [19-21]. Standardized digital
intraoral radiographs using the long-cone paralleling
technique and specifically designed computer
software were used to measure the difference in
marginal bone level at implant placement and one
year after placement of the definitive crown [19].
Intraoral radiograph and computer software were
used to evaluate the marginal bone level at abutment
connection, placement of the definitive crown, and 3
months, 6 months, 1 year, and 3 years after placement
of the definitive crown [20]. Digital periapical
radiographs using a paralleling technique and linear
measurements were obtained two weeks after implant
placement and 1 months, 1 year, and 5 year after
placement of the definitive crown to measure the periimplant marginal bone level [21].
The professionals perception of the final implant
outcome was assessed in two studies [19,21], using
the Implant Crown Aesthetic Index. The Pink Esthetic
Score (PES) and White Esthetic Score (WES) index
were used in one study [19]. The patient-reported
outcome measure was assessed in two studies using
self-administrated non-validated questionnaire and a
visual analogue scale [19,21].
The main results are described below and summarized
in Table 2.
http://www.ejomr.org/JOMR/archives/2017/1/e2/v8n1e2ht.htm
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Synthesis of results
Meta-analyses were to be conducted only if there
were studies of similar comparison, reporting identical
outcome measures. However, the studies included
revealed considerable variations in study design, i.e.
different time frames between implant installation
and start of prosthetic loading, implant placement
in both the maxilla and the mandible, length of
observation period, and type of outcome measures.
Therefore, a well-defined meta-analysis was not
applicable. However, the difference in peri-implant
marginal bone loss across the included studies were
analysed including a forest plot. Different implant
design and location of the peri-implant marginal bone
level measurements were pooled in the flat implantabutment connection group. The difference in periimplant marginal bone loss was expressed as mean
percentage with a 95% confidence interval (CI).
A fixed effect analysis and test for heterogeneity
was performed as well as a random effects model.
The mean difference was not standardized, since the
included studies used the same unit (mm) and had
similar standard deviations. The weights of the studies
were calculated using the inverse variance method.
Outcome measures
The result of each outcome measure is presented first
and then a short summary is finally provided. Survival
of suprastructures, as well as technical and biological
complications were not reported in any of the included
studies and therefore not presented in the following
result section or illustrated in Table 2. All the reported
numerical values are presented as mean values with
standard deviation (SD) or other characteristics for
reported quantitative numeric values.
Primary outcome measures
Survival of implants
The 5-year implant survival rate after delayed
implant installation of 40 implants with a scalloped
implant-abutment connection was 95% compared
to 100% with a flat implant-abutment connection
[21]. Twenty patients were treated with two adjacent
submerged implants in each group. Two implants with
a scalloped implant-abutment connection were lost in
the same patient due to severe peri-implantitis after
4 years [21].
The 3-year implant survival rate after delayed implant
installation of 12 implants with a scalloped implantabutment connection or a flat implant-abutment
connection was 100%, respectively [20].
J Oral Maxillofac Res 2017 (Jan-Mar) | vol. 8 | No 1 | e2 | p.6
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Table 2. Included studies assessing scalloped implant-abutment connection compared to flat implant-abutment design
Primary
outcome
measures

Materials and methods
Study

den Hartog et al. [19]

Year of
Patient
publication

2013

93

Implant
Delayed
implant
placement
31

Smooth,
flat

31

Rough,
flat

31

Rough,
scalloped

12
Khraisat et al. [20]

2013

96.8%
Single
crown

40
40

3

12

Rough,
scalloped

No significant differences
between the groups regarding
implant crown aesthetic index or
peri-implant mucosa

6

Soft tissue levels were not
maintained around the scalloped
implants

36
100%

Single
crown

100%
3

60
95%

Peri-implant
marginal bone
loss
Mean (SD)
mm

Professional and patientreported outcome measures
Mean (SD)
PES

WES

GPS

6 (1.9)

7.2 (1.5)

8.8 (1.1)

0.9 (0.6)

6.3 (1.7)

7.4 (1.6)

8.9 (1)

2 (0.8)b

6.6 (1.6)

7.2 (1.6)

9.1 (0.8)

1.2 (0.8)

Mesial:
1.4 (0.6)

100%

Smooth,
scalloped

Rough,
flat

100%

Clinical soft tissue
measurements

100%

Rough,
flat

24

40
2015

Length of
Time
observation Survival
Prosthetic before
period after
of
solution loading
loading
implants
(months)
(months)

Single
crown
12

Van Nimwegen et
al. [21]

Implant
platform
design

Secondary outcome measures

Distal:
1.3 (0.7)
Mesial:
3.5 (0.8)a

No data

Distal:
3.5 (1)a
Pocket probing depth
Mean (SD)
FAI

MD

FAT

3.8 (1.2)

3 (0.8)

3.2 (1.1)

4.9 (2)a

4.8 (2.2)a 4.7 (2.4)a

ICAI

GPS

No significant
differences between
the groups

9.1 (0.8)

1.5 (0.8)

3.2 (1.1)c

8.4 (1.7)

P < 0.001 (Repeated-measures analysis of variance).
P < 0.05 (One way analysis of variance).
c
P < 0.001 (Independent t-test).
SD = standard deviation; FAI = facing adjacent implant; FAT = facing adjacent tooth; GPS = general patient satisfaction; ICAI = implant crown aesthetic index; MD = midbuccally; PES = pink aesthetic score;
WES = white aesthetic score.
a

b

http://www.ejomr.org/JOMR/archives/2017/1/e2/v8n1e2ht.htm

J Oral Maxillofac Res 2017 (Jan-Mar) | vol. 8 | No 1 | e2 | p.7
(page number not for citation purposes)

JOURNAL OF ORAL & MAXILLOFACIAL RESEARCH
The 1-year implant survival rate after delayed implant
installation of 31 implants with a scalloped implantabutment connection was 100%, 31 implants with a
rough neck and a flat implant-abutment connection
was 100%, 31 implants with a smooth neck and a flat
implant-abutment connection was 96.8%, respectively
[19]. There was no statistically significant (P > 0.05)
difference between the three different treatment
modalities.
Summary
High implant survival rate was demonstrated in all the
included studies. No statistically significant (P > 0.05)
difference in implant survival between the different
treatment modalities was disclosed.
Secondary outcome measures
Clinical soft tissue measurements
The 5-year clinical assessment of the peri-implant
soft tissue demonstrated a significant higher bleeding
score, gingival score and probing depth score with a
scalloped implant-abutment connection compared to
a conventional flat implant-abutment connection [21].
There were no significant differences in plaque score,
marginal gingiva level or papilla index between the
two treatment modalities, but marginal recession of
the peri-implant soft tissue occurred in both groups
with no significant differences [21].
The 3-year assessment of the peri-implant soft
tissue revealed that the soft tissue levels were not
maintained around implants with a scalloped-implant
abutment connection with a significant increase over
time in papilla index and probing depths [20]. Periimplant soft tissue measurements were not performed
for implants with a flat implant-abutment connection
[20].
Summary
Implants with a scalloped implant-abutment
connection reveal a significant higher bleeding score,
gingival score and probing depth score compared to
implants with a flat implant-abutment connection.
Radiographic peri-implant marginal bone loss
The 5-year peri-implant marginal bone loss was
significant higher around implants with a scalloped
implant-abutment connection (3.2 [1.1] mm)
compared to implants with a flat implant-abutment
connection (1.5 [0.8] mm). The marginal bone loss
facing the adjacent tooth or implant was 3.4 (1) mm
http://www.ejomr.org/JOMR/archives/2017/1/e2/v8n1e2ht.htm
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and 3 (1.1) mm with a scalloped implant-abutment
connection compared to 1.5 (0.7) mm and 1.4 (0.9)
with a flat implant-abutment connection, respectively.
The inter-implant bone crest showed a significantly
higher marginal bone loss of 2.4 (1) mm a scalloped
implant-abutment connection compared to 1.3 (1) mm
with a flat implant-abutment connection.
The 3-year peri-implant marginal bone loss measured
on the mesial and distal implant side was 3.5 (0.8)
mm and 3.5 (1) mm with a scalloped implantabutment connection compared to 1.4 (0.6) mm and
1.3 (0.7) mm with a flat implant-abutment connection
[20]. Implants with a scalloped implant-abutment
connection revealed statistically significant (P <
0.001) more peri-implant marginal bone loss [20].
The 1-year peri-implant marginal bone was 2 (0.8)
mm with a scalloped implant-abutment connection
compared to 0.9 (0.6) mm for a flat implant-abutment
connection with a rough implant neck and 1.2 (0.8)
mm with a flat implant-abutment connection with a
smooth implant neck [19]. The scalloped implantabutment connection showed statistically significant
(P ≤ 0.05) more peri-implant marginal bone loss
compared to the other treatment modalities [19].
Summary
Implants with a scalloped implant-abutment
connection disclose significantly more peri-implant
marginal bone loss compared to implants with a flat
implant-abutment design.
Patient-reported outcome measures
The 5-year professional evaluation of the final
implant treatment outcome assessed by the Implant
Crown Aesthetic Index demonstrated no significant
difference between implants with a scalloped implantabutment connection compared to implants with a
flat implant-abutment connection [21]. However,
the majority of patients were rated as having poor
aesthetics by professionals. The 5-year patient’s
appreciation of the final implant treatment outcome
demonstrated high patient satisfaction with both
treatment modalities as evaluated by a visual analogue
scale. The mean overall score was 8.4 (1.7) with a
scalloped implant-abutment connection compared to
9.1 (0.8) with a flat implant-abutment connection [21].
The 1-year professional evaluation of the final
implant treatment outcome assessed by the
Implant Crown Aesthetic Index demonstrated no
significant difference between implants with a
scalloped implant-abutment connection compared
to implants with a smooth or rough implant neck
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and a flat implant-abutment connection [21]. The
PES and WES was 6.6 (1.6) (range 3.5 to 9) and
7.2 (1.6) (range 4.5 to 10) for implants with a
scalloped implant-abutment connection compared
6.3 (1.7) (range 3.5 to 9.5) and 7.4 (1.6) (range 4
to 10) for implants with a flat implant-abutment
connection with a rough implant neck, and 6
(1.9) (range 1.5 to 9.5) and 7.2 (1.5) (range 4.5
to 9.5) for implants with a flat implant-abutment
connection with a smooth implant neck. There was
no significant difference in PES and WES between
the three treatment modalities [21]. The 1-year
patient’s appreciation of the final implant treatment
outcome demonstrated high patient satisfaction
with the three treatment modalities as evaluated
by a visual analogue scale. The mean overall score
was 9.1 (0.8) for implants with a scalloped implantabutment connection compared to 8.9 (1) for
implants with a flat implant-abutment connection
with a rough neck, and 8.8 (1.1) with a flat implantabutment connection with a smooth neck [19].
Summary
Professional and patient-reported outcome measures
reveal high long-term satisfaction with the final
implant treatment outcome with no statistically
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significant (P > 0.05) differences between the different
treatment modalities.
Results of meta-analysis
Fixed effect analysis and test for heterogeneity
disclosed a considerable heterogeneity among the
included studies (I2 = 85.9%, P = 0.001). Therefore, a
random effects model was used. Meta-analysis using
a random effects demonstrated a mean difference
in peri-implant marginal bone loss of 1.56 mm
(95% CI = 0.87 to 2.25) between implants with a
scalloped implant-abutment connection compared to
a flat implant-abutment connection (Figure 2). All the
included studies contributed to the mean difference in
the same direction, because all the mean difference
was greater than zero.
Quality assessment
The quality of the included studies is summarized in
Table 3. Two studies were considered low risk of bias
[19,21] and one study considered moderate risk of
bias [20]. Moreover, clear explanation of withdrawals
and drop-outs were included, but blinding of outcome
assessment was not performed in any of the included
studies.
WMD (95% CI)

Study

Weight, %

den Hartog et al. [19]

0.95 (0.61; 1.29)		

35.98

Khraisat et al. [20]

2.15 (1.52; 2.78)		

29.68

Van Nimwegen et al. [21]

1.7 (1.28; 2.12)		

34.34

Overall (I2 = 85.9%, P = 0.001)

1.56 (0.87; 2.25)		

0

1

2

3

100

4

Figure 2. Meta-analysis using a random effects assessing peri-implant marginal bone level.
Note: weights are from random effects analysis.
Table 3. Quality assessment of included studies
Study

Random selection Definition of inclusion Report of losses
in the population and exclusion criteria
to follow-up

Validated
measurements

Statistical
analysis

Risk of
bias

den Hartog et al. [19]

Yes

Yes

Yes

Yes

Yes

Low

Khraisat et al. [20]

No

Yes

Yes

Yes

Yes

Moderate

Van Nimwegen et al. [21]

Yes

Yes

Yes

Yes

Yes

Low
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DISCUSSION
The current knowledge about implant treatment
outcome after installation of implants with a
scalloped implant-abutment connection compared to
implants with a flat implant-abutment connection was
assessed in the present systematic review, including
solely randomised controlled clinical trials and
controlled clinical trials. A total of two short-term
studies [19,20], and one long-term study fulfilled
the inclusion criteria [21]. The included studies
were characterized by low or moderate risk of bias,
but statistically analysis disclosed a considerable
heterogeneity among the included studies. Hence, the
conclusions drawn from the results of this systematic
review should be cautiously interpreted. High implant
survival rate after installation of implants with a
scalloped implant-abutment connection was disclosed
in all the included studies [19-21]. Professional and
patient-reported outcome measures reveal high longterm satisfaction with the final implant treatment
outcome with no statistically significant (P > 0.05)
differences between the different treatment modalities,
although implants with a scalloped implant-abutment
connection demonstrated significant higher periimplant marginal bone loss, higher probing depth
score, bleeding score and gingival score compared to
implants with a flat implant-abutment connection.
The primary outcome measures are the most
important measures for the assessment of the longterm final implant treatment outcome. However,
secondary outcome measures were also included
in the present systematic review as surrogate
measures. As previously stated, the survival of the
suprastructures after installation of implants with a
scalloped implant-abutment connection compared to
implants with a flat implant-abutment connection has
never been compared within the same study.
Placement of oral implants in partially or totally
edentulous patients have demonstrated high longterm implant survival rate, as documented in several
reviews and long-term studies [1-4]. A systematic
review has indicated that, implant loss before
functional loading was expected to occur in about
2.5% of all inserted implants and in about 2 - 3% of
implants supporting fixed reconstructions during
functional loading, while in overdenture therapy
more than 5% of the implants can be expected to be
lost during a 5-year period [1]. Moreover, a recently
published systematic review and meta-analysis
indicated an estimated survival of implants supporting
fixed dental prostheses of 95.6% after 5 years and
93.1% after 10 years [2]. All the included studies in
http://www.ejomr.org/JOMR/archives/2017/1/e2/v8n1e2ht.htm
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the present systematic review demonstrated high
implant survival rate and in accordance with these
success criteria for implant survival.
Several factors may influence peri-implant marginal
bone loss, including smoking, hygiene deficiency,
systemic
medical
conditions,
parafunctional
habits, different connections between implant and
suprastructure, implant neck design and implant
surface [24-26]. According to Albrektsson et al. [25]
a criterion of a successful implant treatment may
include marginal bone loss less than 1 to 1.5 mm
during the first year after implant loading and less
than 0.2 mm annually, which in turn corresponds
to a maximum of 2.3 mm over 5 years and 3.3 mm
after 10 years [26]. All of the included studies in this
systematic review disclosed a gradually peri-implant
marginal bone loss and the 5-year peri-implant
marginal bone loss around implants with a scalloped
implant-abutment connection was ≥ 3 mm [21].
Mover, meta-analysis disclosed a mean difference of
peri-implant marginal bone loss of 1.56 mm (95%
CI = 0.87 to 2.25), between implants with a scalloped
implant abutment connection compared to a flat
implant-abutment connection. Therefore, implants
with a scalloped implant-abutment connection seem
to be associated with higher peri-implant marginal
bone loss and do not to meet these long-term success
criteria. However, the major part of the peri-implant
marginal bone loss occurred during the first year
after prosthetic loading [21], which is in accordance
with previous published studies assessing long-term
marginal bone level changes with different implant
systems [26,27]. Moreover, no statistically significant
differences (P > 0.05) in peri-implant marginal
bone loss were observed from one year until five
years of functional loading between implants with
a scalloped implant-abutment connection compared
to implants with a flat implant-abutment connection
[21]. Therefore, further studies assessing the longterm peri-implant marginal bone loss after installation
of implants with a scalloped implant-abutment
connection is needed, before definite conclusions can
be provided about the beneficial use of a scalloped
implant-abutment connection on preservation of the
peri-implant marginal bone level.
In recent years, more emphasis in implant dentistry
has been concentrated on the appearance of the
peri-implant soft-tissue including professional and
patient perception of the final aesthetic outcome.
The Implant Crown Aesthetic Index, PES and WES,
Oral Health Impact Profile Questionnaire, Orofacial
Esthetic Scale, and Chewing Function Questionnaire
are commonly used methods for assessment of
professional and patient-reported outcome measures.
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PES and WES are well-established professional
indexes for monitoring the long-term aesthetic
outcome of the peri-implant soft tissue and the fixed
implant restoration [28-30]. The PES index includes
the following variables: mesial papilla, distal papilla,
level of facial soft tissue margin, soft tissue contour
and alveolar process deficiency. The WES index
includes the following parameters: form, volume,
colour, translucency and surface texture of the crown.
The maximum score for both PES and WES is 10
and the threshold of clinical acceptability is 6 [19].
One of the included studies in the present systematic
review reported a mean PES of 6.6 (1.6) and WES of
7.2 (1.6), three years after installation implants with
a scalloped implant abutment-connection, which is
in accordance with the above-mentioned criteria for
clinical acceptability [19].
The Implant Crown Aesthetic Index is used to
determine the aesthetic of the peri-implant mucosa
and the implant crown [31]. The index includes
nine items of which five are related to the crown
and four are related to the peri-implant mucosa. For
each item, penalty points of 0 to 5 can be given as
representing no or major deviations compared with
the contralateral tooth. The total score for crown and
mucosa leads to the following judgment about the
final aesthetic outcome: 0 penalty points, excellent;
1 - 2 penalty points, satisfactory; 3 - 4 penalty points,
moderate; 5 penalty points or more, poor aesthetic.
The Implant Crown Aesthetic Index was used in
two of the included studies reporting no significant
difference between implants with a scalloped implantabutment connection compared to implants with a flat
implant-abutment connection [19,21].
Patient-reported outcome measures are essentially
subjective reports of patients’ perceptions of their
oral health status and its impact on their daily life or
quality of life. The influence of different prosthodontic
rehabilitation options on improvement of orofacial
aesthetics, chewing function, and oral healthrelated quality of life is an important prerequisite
for selection of the best rehabilitation procedure
for the patient with the highest treatment effect and
lowest morbidity. A few studies have evaluated the
long-term patient-reported outcome measures after
installation of oral implants using questionnaires
revealing a high degree of patient satisfaction with the
treatment outcome [32-34]. These results corroborate
the findings of the included studies of the present
systematic review [19-21].
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Technical and biological complications were not
reported in any of the included studies. A published
systematic review showed that the most frequent
complications over the 5-year observation period
were fractures of the veneering material (13.5%), periimplantitis and soft tissue complications (8.5%), loss
of access hole restoration (5.4%), abutment or screw
loosening (5.3%), and loss of retention of cemented of
fixed dental prostheses (4.7%) [2].
CONCLUSIONS
The hypothesis of no difference in final implant
treatment outcome after installation of implants
with an anatomically designed scalloped implantabutment connection compared to a flat implantabutment connection could neither be confirmed nor
rejected due too insufficient evidence. Oral implants
with a scalloped implant-abutment connection
demonstrated high long-term implant survival rate.
However, implants with a scalloped implant-abutment
connection disclosed a significantly higher periimplant marginal bone loss compared to implants
with a flat implant-abutment connection. However,
the above-mentioned results are solely based on three
comparative studies with considerable heterogeneity.
Hence, the conclusions drawn from the results of this
systematic review should be cautiously interpreted
and further long-term randomized controlled trials
assessing the final implant treatment outcome with
the two treatment modalities are needed before
definite conclusions can be provided about the
beneficial use of implants with a scalloped implantabutment connection on preservation of the periimplant marginal bone level. Therefore, long-term
randomized clinical trials assessing the peri-implant
marginal bone loss with an observation period of
more than five years after installation of implants
with a scalloped implant-abutment connection is
recommended.
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