CLINICAL ORAL IMPLANTS RESEARCH
e

Robert Noelken
Mauro Donati

Joseph Fiorellini
Nils-Claudius Gellrich
William Parker
Keisuke Wada

Tord Berglundh

Authors’ affiliations:

Robert Noelken, Private Practice, Lindau/Lake
Constance, Germany

Lake Constance & University of Mainz, Mainz,
Germany

Mauro Donati, Private Practice, Perugia, Italy
Joseph Fiorellini, Keisuke Wada, University of
Pennsylvania, Philadelphia, PA, USA
Nils-Claudius Gellrich, University of Hannover,
Hannover, Germany

William Parker, Nova South-Eastern University,
Fort Lauderdale, FL, USA

Tord Berglundh, Department of Periodontology,
Institute of Odontology, The Sahlgrenska Academy
at University of Gothenburg, Gothenburg, Sweden

Corresponding author:

Professor Tord Berglundh, DDS, Odont. Dr.
Department of Periodontology

The Sahlgrenska Academy at University of
Gothenburg

Box 450

Goteborg SE 405 30

Sweden

e-mail: tord.berglundh@odontologi.gu.se

Date:
Accepted 15 October 2012

To cite this article:

Noelken R, Donati M, Fiorellini ], Gellrich N-C, Parker W,
Wada K, Berglundh T. Soft and hard tissue alterations around
implants placed in an alveolar ridge with a sloped
configuration.

Clin. Oral Impl. Res. 25,2014, 3-9

doi: 10.1111/clr.12079

© 2012 John Wiley & Sons A/S.

Soft and hard tissue alterations around
implants placed in an alveolar ridge
with a sloped configuration

Key words: bone, clinical, dental implants, multicenter study, profile, radiological, re-entry,

sloped implant

Abstract

Aim: The aim of this study was to evaluate soft and hard tissue alterations around implants placed

in healed, sloped ridge sites.

Materials and methods: In this prospective multi-center study, 65 patients between 20 and
74 years of age and with a need for a single tooth replacement were included. All patients

presented with a recipient implant site demonstrating a lingual-buccal bone height discrepancy of

2.0-5.0 mm and with a neighboring tooth on its mesial aspect. Implant placement (OsseoSpeed
Profile implants; Astra Tech AB, Maolndal, Sweden) was performed using a non-submerged
installation procedure. The implants were placed in such a way that the sloped part of the device
was located at the buccal and most apical position of the osteotomy preparation. As the buccal rim

of the implant was positioned at the crestal bone level, the lingual rim became situated either
below or at the level of the lingual bone crest. Clinical assessments of bone levels at the buccal
and lingual aspects of the implant were carried out immediately after implant installation and at a

surgical re-entry procedure performed 16 weeks later. Crowns were placed at 21 weeks after

implant placement. Radiographs were obtained immediately after implant placement, at 16 and
21 weeks and at the 1-year re-examination. Clinical assessment of probing pocket depth and
clinical attachment levels were carried out at 21 weeks and at 1 year of follow-up.

Results: The alterations of the bone levels that occurred between implant placement and the
16-week surgical re-entry were —0.02 mm (lingual) and —0.30 mm (buccal). The average change in
interproximal bone levels between implant placement and the 1-year re-examination was 0.54 mm.
Clinical attachment level changes between the 21 week and the 1-year examinations varied

between 0.1 mm gain and 0.1 mm loss.

Conclusion: Implant placement in an alveolar ridge with a sloped marginal configuration resulted
in minor remodeling with preserved discrepancies between buccal and lingual bone levels.

The selection of dental implants is influ-
enced by the morphology and dimensions of
the recipient site of the alveolar ridge. The
presence of local defects or insufficient bone
dimensions calls for the attention of using
either resective or ridge augmentation proce-
dures to correct the bone morphology prior to
implant placement. The reasons for the
appearance of bone defects of varying dimen-
sions are many, and it is well known that
the alveolar ridge undergoes extensive remod-
eling after tooth extraction. Data reported in
clinical studies indicated that an overall

reduction in the horizontal dimensions

occurred following tooth extraction and that

the resorption of the buccal part of the ridge
was more pronounced than the lingual part
(Pietrokovsky & Massler 1967; Schropp et al.
2003). Similar observations were also made
in histological evaluations in an animal
experiment by Aradjo & Lindhe (2005). Thus,
the resulting morphology of the healed alveo-
lar ridge following tooth extraction is often
presenting with a discrepancy in bone height
between the buccal and lingual aspects of the
ridge. Previous attempts to prevent bone
resorption and thereby overcoming this prob-
lem by placing implants in fresh extraction
sockets have failed, as demonstrated in exper-
imental (Aradjo et al. 2005; Aradjo et al.
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Fig. 1. The Profile implants used in the study (diame-
ters; mm); 4.5 (a), 5.0 (b), and 5.0S (c).

2006) and clinical studies (Botticelli et al.
2004; Sanz et al. 2010).

Experimental models were used to analyze
healing around implants that were placed in
recipient sites of the alveolar ridge with large
differences between the buccal and lingual
bone crest (Carmagnola et al. 1999; Welander
2009).
established in dogs and implants were placed

et al. Chronic bone defects were

in line with the buccal bone and in a
“subcrestal” position in relation to the lin-
gual bone. Although resorption of the lingual
bone was evident during healing, the result-
ing bone levels in the experimental studies
by Carmagnola et al. (1999) and Welander
(2009) indicated that a discrepancy
between the buccal and lingual aspects of the

et al.

implants was maintained.

Considering the choice of methods when
placing implants in healed alveolar ridges with
differences in height between the lingual and
buccal bone crest, it is obvious that the alter-
natives carry disadvantages. In the option of
placing an implant with the reference to the
buccal bone, the lingual bone wall of the oste-
otomy preparation may have to be severed to
accomplish an even outline of the ridge. The
alternative of using the lingual bone as refer-
ence, however, will not allow the buccal part
of the marginal portion of the implant to be
completely invested in bone following place-
ment. Such a procedure will result in a risk of
esthetic complications.

The introduction of an implant with a
modified marginal portion that was designed
to match the sloped contour of the alveolar
ridge (OsseoSpeed Profile; Astra Tech AB,
Molndal, Sweden) provided the opportunity
to maintain the lingual and buccal bone dis-
crepancy. In a recent pre-clinical study in
dogs, Profile implants were placed in healed
ridges with a different buccal and lingual
bone height. It was reported that healing
resulted in a remaining discrepancy in bone
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Fig. 2. Distribution of implants used in the study (diameters; mm).

levels between buccal and lingual aspects
around the implants (Abrahamsson et al.
2012).

The aim of the present clinical study was
to evaluate soft and hard tissue alterations
around Profile implants placed in healed,
sloped ridge sites.

Materials and methods

Study design and sample

This prospective, open, single-arm, multi-cen-
ter study was performed at five clinical cen-
ters: (1) Lindau/Lake
Constance, Germany; (2] private practice,
Perugia, Italy; (3) University of Pennsylvania,
USA; (4) University of Hannover, Germanyj;

private practice,

and (5) Nova South-Eastern University, Fort
Lauderdale, USA. The study protocol was
approved by the ethical review board of the
respective participating center and an informed
consent was obtained from each patient.
Sixty-five patients between 20 and 74 years
of age (mean, 49.1 + 14.0) with a need for a

Fig. 3. Clinical illustration of the implant and the sur-
rounding crestal bone after implant placement (case
201).

single tooth replacement in a sloped, healed
ridge were included (center 1: 15 patients,
center 2: 12 patients, center 3: 14 patients,
center 4: 14 patients and center 5: 10
patients). The majority of patients were non-
smokers (72%), while 14% were former
smokers and 14% were current smokers (up
to 10 cigarettes/day). The gender distribution

was 33 females and 32 males. The patients

Fig. 4. Schematic drawings illustrating implant and bone landmarks. Buccal rim (Rg), lingual rim (Ry) of the
implant, bone crest at the buccal (Cp) and lingual aspect (Cy). As the buccal rim of the implant was positioned at
the crestal bone level, the lingual rim became either situated at the level of (a) or below (b) the lingual bone crest.

© 2012 John Wiley & Sons A/S.
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Fig. 5. Clinical and radiographic documentation of case 215 at implant placement (a, b), surgical re-entry (c), and

1-year follow-up (d, ¢).

had no uncontrolled pathological process in
the oral cavity, systemic/local disease, or
medication that could compromise healing
and osseointegration or current drug/alcohol
abuse.

All included patients presented with a
recipient implant demonstrating a
lingual-buccal bone height discrepancy of
2.0-5.0 mm and with a neighboring tooth
on its mesial aspect. Healing following
tooth extraction varied between 3 and
360 months 56.9 + 75.8 months).
Prior to treatment, a radiographic examina-
tion using dental quantitative computed
tomography (CT) or cone beam computed

site

(mean,

tomography (CB-CT) was performed to deter-
mine the dimensions of the lingual-buccal

© 2012 John Wiley & Sons A/S.

bone height discrepancy in the recipient
implant sites.

Implants

The implants used in the present study were
OsseoSpeed Profile implants (Astra Tech AB)
with diameters of 4.5 and 5.0 mm and with
lengths varying between 9 and 15 mm. The
geometry of the implants is illustrated in
Fig. 1. The implant was designed with a
sloped lingual-buccal configuration aiming at
matching a corresponding discrepancy in
recipient alveolar ridge areas. Seventy-five
percent of the implants were placed in the
mandible and 25% in the maxilla. The most
common position was the mandibular first
molar (57%). Implant positions, types, and

lengths are reported in Fig. 2. In 55% of the
cases, the conical 4.5-mm implant was used,
while the conical 5.0 mm was used in 20%
and the 5.0S design in 25%. The most com-
mon implant length was 11 mm (41%), while
implants with lengths of 9 mm were used in
37%, 13 mm in 17%, and 15 mm in 5% of
the sites.

Surgical procedures

Implant placement was performed using a
non-submerged installation procedure. Fol-
lowing local anesthesia, full thickness flaps
were elevated to expose the bone ridge. Osteo-
tomy preparations were made according to
the standards described in the manual for
surgical procedures of the implant system
(Astra Tech AB). Owing to the defect mor-
phology in the recipient sites, the marginal
bone level at the buccal aspect of the osteoto-
my preparation was situated at a more apical
position than that of the bone level at the
lingual aspect. Hence, the implants were
placed in such a way that the sloped part of
the device was located at the buccal and
most apical position of the osteotomy prepa-
ration (Fig. 3). As the buccal rim of the
implant was positioned at the crestal bone
level, the lingual rim became situated either
below or at the level of the lingual bone crest
(Fig. 4).

Clinical measurements were performed
immediately after implant installation to
determine bone levels at the buccal and lin-
gual aspects in relation to a fixed landmark
on the implant (the rim [R], that is, the inter-
face between the micro-threaded part and the
shoulder at the marginal portion of the
implants; Fig. 4). The assessments were car-
ried out using a periodontal probe (Hu-Friedy,
Chicago, IL, USA), and distances were mea-
sured to the nearest 0.5 mm.

Healing abutments (Healing abutment 4.5/
5.0; Astra Tech AB) were connected and flaps
were adjusted and sutured around the abut-
All patients rinsed with 0.12%
chlorhexidine twice a day during 10 days.

Intraoral radiographs were obtained imme-

ments.

diately after implant placement using a paral-
leling  technique commercially
available film holder. In the radiographs, the

and a

distance between the first micro-thread and
the crestal bone was assessed at the inter-
proximal aspects of the implants. The mea-
surements were taken to the nearest 0.1 mm
using a lens with x7 magnification.

Sutures were removed after 10 days and the
patients initiated mechanical infection con-
trol procedures. At 16 weeks after implant
placement, a re-entry surgical procedure was

5 | clin. Ozal Impl. Res. 25, 2014 | 3-9
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Fig. 6. Clinical and radiographic documentation of case 218 at implant placement (a, b), surgical re-entry (c), and

1-year follow-up (d, e).

performed. The implant sites were uncovered,
and the healing abutments were removed.
Clinical measurements were repeated, healing
abutments were reconnected, and flaps were
sutured. A new set of radiographs was
obtained. Sutures were removed after 10 days.
Healing abutments were shifted to permanent
abutments,
crowns produced. The crowns were placed at
21 weeks after implant placement. Clinical
measurements including assessments of prob-
ing pocket depth (PPD) and clinical attach-
ment levels (CAL; measured from the crown
margin) at all aspects of the implants (mesial,
buccal, distal and lingual) were performed.

impressions were taken, and

The clinical and radiological assessments were
repeated at one year after implant placement.

6 | Clin. Oral Impl. Res. 25, 2014 | 3-9

Data analysis

Mean values and standard deviations were
calculated for each variable and patient. Dif-
ferences between data obtained at the differ-
ent examinations were calculated. Data were
presented in cumulative graphs to illustrate
the
implant/patient regarding clinical and radio-
logical assessments.

distribution of observations for each

Results

The results from the radiological examina-
tion using tomography made prior to implant
installation revealed a lingual-buccal bone
height discrepancy of 2.74 + 072 mm (range:
2.0-5.0 mm).

Healing following implant placement was
uneventful for all patients. All 65 patients
attended the clinical and radiological examin-
ations in the study, with the exception of
one, who did not attend the 1-year follow-up.
Two representative cases from the study are
illustrated in Figs 5 and 6. During the
16-week healing period after implant place-
ment, two healing abutments became loose
and had to be re-connected. During the
re-entry procedure at 16 weeks, one implant
site demonstrated overt bone loss at the buc-
cal aspect. The distance between the remain-
ing bone support and the rim of the implant
at this site was 12.5 mm. Bone alterations in
all other sites were in general small.

Results from the clinical assessments of
the bone level alterations between implant
installation and at the 16-weeks re-entry pro-
cedure are presented in Fig. 7. The cumula-
tive graphs illustrate the distribution of sites
representing bone level changes
from —1.5 to 2.0 mm at lingual aspects and
from —2.0 to 2.0 mm at buccal aspects, given
the exception of the buccal site with the

ranging

—12.5 mm change. The mean alterations at
lingual and buccal aspects for all sites were
—0.02 £ 0.49 and —-0.30 + 1.65 mm, respec-
tively.

The results from the clinical assessments
regarding PPD and CAL performed at the
insertion of prosthesis (21 weeks) and at the
1-year follow-up are presented in Table 1.
PPD values declined on the average of about
0.3 mm between 21 weeks and the 1-year
examination. The CAL changes that occurred
during the
between 0.1 mm gain and 0.1 mm loss.

Interproximal bone level changes assessed
in radiographs between implant placement
and the 16-week re-entry, insertion of pros-

corresponding period varied

thesis (21 weeks) and the 1-year examination
are reported in Table 2. Due to technical rea-
sons, radiographs from implant placement in
six cases and from the surgical re-entry at
16 weeks in three cases were not readable.
In addition, radiographs from four cases at
prosthesis delivery (21 weeks) and in five
cases at the l-year examination were not
readable. The number of cases included in
the radiological assessments of bone level
changes during the different periods is pre-
sented in Table 2. An overall mean bone loss
of 0.38 4 0.82 mm occurred between implant
placement and the surgical re-entry procedure
at 16 weeks. Additional bone loss took place
during the subsequent 4-week period and the
mean bone loss measured between implant
placement and insertion of prosthesis
(loading) was 0.69 &+ 0.91 mm. During the

© 2012 John Wiley & Sons A/S.
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Fig. 7. Cumulative graph illustrating bone level changes at the buccal (a) and lingual (b) aspects of each implant
between implant placement and the surgical re-entry at 16 weeks.

Table 1. Results from the clinical measurements (mm)

21 weeks prosthesis delivery

1-year examination

Difference; 21 weeks—

(n = 65) (n = 64) 1 year
PPD 2.2 + 0.8 (2.1) 2.5+ 0.7 (2.4) —0.3 + 0.7 (0.0)
Mesial Distal Buccal Lingual

CAL change, 21 weeks— 0.0 + 0.9 (0.87)

1 year (n = 64)

0.1 £+ 0.7 (0.70)

—0.1 + 0.8 (0.80) 0.1 £ 0.5 (0.50)

CAL, clinical attachment levels; PPD, probing pocket depth.

Mean values + standard deviations (median).

Table 2. Radiological measurements of interproximal bone level changes (mm)

Implant placement
—16 weeks re-entry (n = 56)

Implant placement —
prosthesis delivery (n = 56)

Implant placement —1-year
examination (n = 54)

21 weeks

—0.69 + 0.91
—3.9/0.9 (-0.70)

—0.38 + 0.82
—2.4/1.6 (-0.30)

—0.54 + 1.29
—2.3/4.1 (-0.65)

Mean values + standard deviations, min/max (median).

subsequent 7-month period, bone levels
slightly improved and the mean bone loss
between implant placement and the 1-year
examination amounted to 0.54 4+ 1.29 mm.
The cumulative graph in Fig. 8 depicts the
bone level changes from implant placement
to the 1-year examination in each subject.

Discussion

In the present multicenter, prospective study,
soft and hard tissue changes around implants
placed in healed, sloped ridge sites were ana-
lyzed. It was reported that small alterations
of the lingual and buccal bone levels occurred
between implant placement and a 16-week

© 2012 John Wiley & Sons A/S.

surgical re-entry. The 1-year re-examination
revealed that changes in CAL and interproxi-
mal bone levels after implant placement were
small. The findings revealed that implant
placement in an alveolar ridge with a sloped
marginal configuration resulted in minor
remodeling with preserved discrepancies
between buccal and lingual bone levels.

The specific geometry of the implant type
that was analyzed in the present study
required evaluation methods of both invasive
and non-invasive nature. Thus, to assess
bone level changes that occurred at the buc-
cal and lingual aspects of the implants fol-
lowing implant placement, a surgical re-entry
was made at 16 weeks of healing. A similar
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Fig. 8. Cumulative graph illustrating radiographic inter-
proximal bone level changes between implant place-
ment and the 1-year follow-up.

strategy was used in clinical studies evaluat-
ing buccal and lingual bone levels changes
following implant placement in fresh extrac-
tion sockets. Thus, Botticelli et al. (2004) in
a study on 18 subjects assessed crestal bone
dimensions around implants that were placed
immediately after tooth extraction. Clinical
measurements were performed at the time of
implant placement and at a surgical re-entry
procedure that was carried out 16 weeks
later. Sanz et al. (2010) in a multicenter
study also applied the surgical re-entry proce-
dure to assess dimensional changes in the
crestal bone around implants that were
placed immediately after tooth extraction.
The use of the invasive technique to examine
bone levels at the buccal and lingual aspects
of the implants could be ethically justified if
a surgical intervention was intended for an
abutment connection procedure in prepara-
tion of the restorative therapy. In the studies
by Botticelli et al. (2004) and Sanz et al.
(2010), marked alterations of the crestal bone
dimensions occurred between implant place-
ment and the 16-week re-entry assessment.
As such alterations were explained by the
remodeling events that took place after the
combined procedure of tooth extraction and
implant placement, it is understood that the
small dimensional changes reported in the
present study following a corresponding fol-
low-up period were confined to the remodeling
that occurred following implant placement in
a healed ridge.

7 | Clin. Oral Impl. Res. 25,2014 | 3-9
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Implant placement in healed ridges with
chronic buccal defects presenting with a
sloped configuration in a lingual-buccal direc-
tion was evaluated in pre-clinical models. Car-
magnola et al. (1999) in an experimental study
in dogs placed implants in a ridge with a
4 mm high discrepancy between the lingual
and buccal bone. Although bone resorption
had occurred at the lingual aspect of the
implants at the evaluation made 7 months
later, a distinct discrepancy remained between
the lingual and buccal marginal bone levels.
Welander et al. (2009) used a similar model
and reported that a pre-existing discrepancy
between buccal and lingual bone levels at
implant placement was possible to preserve
after healing. In this context, it is interesting
to note that Abrahamsson et al. (2012) in a
recent experiment in dogs used the pre-clinical
model described by Carmagnola et al. (1999)
and Welander et al. (2009) to analyze healing
around the specific implant type that was used
in the present clinical multicenter study.
Thus, the Astra Tech Profile implants had a
geometry that was matching the slope of the
healed alveolar ridge in the experimental
study by Abrahamsson et al. (2012) and it was
reported that healing resulted in the preserva-
tion of a vertical discrepancy between lingual
and buccal bone levels.

The finding reported in the pre-clinical
studies that implants integrate in healed
alveolar ridges with preserved differences in
bone levels at buccal and lingual aspects is
supported by data presented in the present
multicenter study. While the clinical mea-
surements carried out at implant installation
and at surgical re-entry allowed access to
crestal bone and implant margins at buccal
and lingual aspects, the additional clinical
recordings at the 1-year follow-up were con-
fined to CAL assessments. During the
16 weeks of healing following implant place-
ment, the average bone level changes at the
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