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Abstract
Objectives: The aim was to study a regenerative surgical treatment modality for
peri-implantitis employing submerged healing.

Material and Methods: Twelve patients, having a minimum of one osseointegrated
implant with peri-implantitis, with a progressive loss of X3 threads (1.8 mm)
following the first year of healing were involved in the study. After surgical
exposure of the defect, granulomatous tissue was removed and the implant surface
was treated using 3% hydrogen peroxide. The bone defects were filled with a bone
substitute (Algipores), a resorbable membrane (Osseoquests) was placed
over the grafted defect and a cover screw was connected to the fixture. The implant
was then covered by flaps and submerged healing was allowed for 6 months. After
6 months the abutment was re-connected to the supra-structure.

Results: A 1-year follow-up demonstrated clinical and radiographic improvements.
Probing depth was reduced by 4.2 mm and a mean defect fill of 2.3 mm was obtained.

Conclusion: Treatment of peri-implant defects using a bone graft substitute combined
with a resorbable membrane and submerged healing results in defect fill and clinical
healthier situations.
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Peri-implantitis is defined as an inflam-
matory reaction with loss of supporting
bone around the implant (Albrektsson &
Isidor 1994). The frequency of peri-
implantitis has been reported in the
range of 5–8% for selected implant
systems (Berglundh et al. 2002). Similar
figures are reported in a recent long-time
follow-up study (Roos-Jansåker et al.
2006a). In a recent review, it was con-
cluded that non-surgical therapy may
result in resolving peri-implant lesions

on a short-time basis (Roos-Jansåker
et al. 2003). However, bone loss, and
thereby exposure of threads often with
rough surface structure, makes it clini-
cally difficult to decontaminate the sur-
face using conventional non-surgical
treatment options (Kreisler et al. 2005,
Schwarz et al. 2006a). The peri-implan-
titis defect has been described as crater
or saucer shaped (Roos-Jansåker et al.
2003), and accessibility with available
non-surgical methods seems difficult.

Different regenerative therapies have
been tried to resolve peri-implantitis (for
a review, see Roos-Jansåker et al. 2003,
Schou et al. 2004). The concept of
submerged healing was earlier reported
as a treatment option for periodontally
involved teeth (Björn et al. 1965). The
idea is to allow for an undisturbed
healing, reducing the risk of infection.

Submerged healing has also been used
as a treatment of peri-implantitis.
Khoury & Buchmann (2001) reported
an average bone fill of 1.7–2.5 mm using
autologous bone transplants in the
defects, and Schwarz et al. (2006b) in
an experimental dog study concluded
that submerged healing improved the
healing outcome compared with non-
submerged healing. Although most
cases may not be suitable for surgical
procedures involving submerged heal-
ing, clinical situations do occur when
the infected implant is located in a way
allowing for a submerged healing situa-
tion using the original supra-structure.

The aim of the present study was to
evaluate surgical treatment of peri-
implantitis using a bone graft sub-
stitute (Algipores), covered with a
resorbable membrane (Osseoquests) in
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a submerged healing situation. The main
outcome variables for this study were
probing depth (PD) reduction, probing
attachment gain, mucosal recession
(MR) and defect fill.

Material and Methods

Subjects

This study was approved by the Institu-
tional Review Board, University of
Lund, Sweden. All participating indivi-
duals signed an informed consent.
Patients for this study were recruited
from (i) individuals examined in a sur-
vey evaluating the prevalence of peri-
implant lesions 9–14 years following
placements of Brånemark implants and
(ii) patients who had been referred to the
Speciality Clinic of Periodontology,
Public Dental Health Service and Kris-
tianstad University, for treatment of
peri-implantitis.

Twelve patients, having a minimum
of one osseointegrated implant with
peri-implantitis, defined as progressive
bone loss of X3 threads (1.8 mm) fol-
lowing the first year of healing, in
combination with bleeding and/or pus
on probing, were involved in the study.
A total of 16 implants were treated.

Clinical and radiographic examination

All clinical and radiographic examina-
tions were performed by the same exam-
iner (author A.-M. R. J). Radiographs of
implants were obtained in a standar-
dized way, as described in a previous
study (Roos-Jansåker et al. 2007). Pre-
and post-operative films from the treated
implants in all patients were coded and
randomly mounted. A specialist in radi-
ology made the measurements from the
radiographs at completion of the study.
The distance not supported by bone or
bone substitute at the mesial and distal
site of the implant was evaluated.

An update of the medical and dental
history was made. The medical history
included questions on smoking habits
and reasons for tooth loss. If the patient
had periodontal disease at any tooth,
periodontal treatment was given before
the peri-implant surgery was performed.

After removing the supra-structure
the following measurements were per-
formed:

� Probing depth (PD) measured in
millimetre at four sites (mesial, buc-
cal, distal and lingual) of each

implant to the nearest millimetre
using a standardized force of
0.25 N (Hawe Click-Probes, Ker-
rHawe SA, Bioggio, Switzerland)
modified with a titanium probe tip
graded in millimetre

� Probing attachment level (PAL)
measured in millimetre from the
abutment connection of the supra-
structure at four sites.

� Mucosal recession (MR) calculated
as the difference between PAL and
PD at four sites (mesial, buccal,
distal and lingual).

� Bleeding index measured at the
implants after probing at four sites
(mesial, buccal, distal and lingual),
and graded (0–3): 0 5 no bleeding,
1 5 spot bleeding, 2 5 line bleeding
and 3 5 profound bleeding.

� Bleeding on probing (BOP) mea-
sured at implants and teeth at four
sites (mesial, buccal, distal and lin-
gual).

� Suppuration, if apparent, following
probing the sulcus.

� Full-mouth plaque index measured
at implants and teeth at four sites
(mesial, buccal, distal and lingual).
Plaque was disclosed using an ery-
throsine dye (Top Dent Lifco Dental
AB, Enköping, Sweden).

Surgical treatment

The patients were prescribed systemic
antibiotics, Amoxicillin (375 mg � 3) in
combination with Metronidazole
(400 mg � 2) for 10 days, starting the
day before surgery. In cases of allergy to
penicillin, Clindamycin (300 mg) two
times a day was prescribed.

The supra-structure was removed and
the peri-implant lesion was surgically
exposed. Following anaesthesia, a sul-
cular incision was made around the neck
of the implant abutment, and full-thick-
ness flaps were raised at the buccal and
lingual surfaces to access the peri-
implant defect. The abutment was
removed and cleaned. After steriliza-
tion, the abutment was saved, to be
used at the re-connection surgery at 6
months. All granulomatous tissue was
removed in the bone defect using tita-
nium instruments. The threads were
carefully cleaned from mineralized cal-
culus and the implant surface was
cleansed using hydrogen peroxide
(3%), followed by profuse rinsing with
saline. A non-bovine-derived bone sub-
stitute available on the Swedish market
(Algipores, Friadent, Malmö, Sweden)
was mixed with blood and placed in
the defect. The transplanted area was
covered by a resorbable membrane
(OsseoQuests, W.L. Gore & Associates
Inc., Flagstaff, Arizona, USA). The
membrane was punched, to be slipped
over the implant, and trimmed to cover
the defect completely (Fig. 1). A cover
screw was connected to the fixture. Then
the periosteum was cut, to allow com-
plete wound closure and a stable wound
area. The flaps were sutured with non-
resorbable sutures (Gore 5–0, W.L.
Gore & Associates Inc.). Submerged
healing was allowed for 6 months.

Post-operatively, the patients rinsed
with Chlorhexidine (0.1%) for 5 weeks.
The first 3 days the patients were pre-
scribed an anti-inflammatory drug (Ibu-
profen, 400 mg � 3). All patients had to
report on the use of antibiotics and the
anti-inflammatory drug, and to comment

Fig. 1. Membrane placed over the grafted defect.
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on any possible adverse events during
the healing phase. The sutures were
removed after 14 days. Clinically,
fixture exposure, membrane exposure
and presence of mucosal craters were
registered.

After the initial healing phase, the
patients were enrolled in a maintenance
programme with visits to the dental
hygienist every third month (author
C. L.). Plaque was disclosed using an
erythrosine dye (Top Dent Lifco Dental

AB, Enköping, Sweden), and full-mouth
plaque scores were obtained. The plaque
chart was demonstrated to the patient,
and re-motivation and re-instruction in
oral hygiene procedures were performed
if necessary. Teeth and implants were
cleaned using a rubber cup and a low-
abrasive paste. At 6 months the supra-
structure was again disconnected
(Fig. 2). After anaesthesia, a minimal
incision was made over the submerged
fixture to expose the cover screw. The
cover screw was removed and the area
was cleaned with saline before the
abutment saved from the first surgery
was replaced and the supra-structure
replaced.

Results

The patient material is presented in
Table 1. A majority of the patients
were current or former smokers, with a
smoking duration around 40 years. Total
plaque and bleeding scores were 34.5%
and 63.2%. Periodontitis defined as
bone loss of X4 mm at X30% of the
teeth at implant installation or total
extraction was evident in seven of 12
patients.

The mean pocket depth at all sites at
baseline was 5.1 mm. Pus occurred at
93.8% of the implants and 81.2% of the
implants bled on probing. On implant
level, the mean bone loss was 6.3
threads (3.8 mm) (Table 2).

Bleeding on probing at the deepest
site was much less frequent at the 1-year

Table 1. Patient characteristics at baseline, N 5 12

N 5 12

Age 64.4 � 6.0 (56–75)
Female (%) 9 (75)
Current smokers (%) 8 (66.7)
Former smokers (%) 2 (16.7)
Never smoking (%) 2 (16.7)
Packyears (years) 38.6 � 20.7 (6–75)
Smoking duration (years) 43.6 � 9.0 (30–62)
Smoked after implant surgery (%) 9 (75)
Tooth loss due to periodontitis

Yes 9 (75)
No 1 (8.3)
Do not know 2 (16.7)

No. of patients with bone loss X4 mm on X30% of teethn 7 (77.8)
Teeth with bone loss X4 mm (%) 63.8 � 39.4 (13–100)
Edentulous 5 (41.7)
Implant age (years) 9.1 � 2.4 (6–13)
PI 34.5 � 27.1 (3–84)
BOP 63.2 � 23.0 (33–100)

Means � SD (range); numbers (%).
nFigures on nine patients (two patients with bone loss on o30% of their teeth and data missing on

three patients due to long time edentulism).

BOP, bleeding on probing; PI, plaque index.

Table 2. Baseline clinical measurements at implants, N 5 16

Mesial sites Distal sites Buccal sites Lingual sites Deepest site Implant

PDn 5.3 � 1.2 (1–3) 4.7 � 1.7 (2–8) 5.8 � 1.5 (3–8) 4.9 � 1.5 (3–9) 6.4 � 1.3 (4–9) 5.1 � 1.6 (2–9)
Pus (%)w 52.9 35.3 82.4 23.5 69 93.8
BOP (%)z 81.2 68.8 50 43.8 75 81.2
Bone loss§ (threads) 6.2 � 2.0 (3–9) 6.4 � 1.6 (4–9) NA NA – 6.3 � 1.8 (3–9)
Bone lossz (mm) 3.7 � 1.2 (1.8–5.4) 3.8 � 1.0 (2.4–5.4) NA NA – 3.8 � 1.0 (1.8–5.4)

Means � SD (range); proportions (%).
nProbing depth.
wPus on probing.
zBleeding on probing the implant sulcus.
§Number of threads not supported by bone on radiographs.
zEach thread measures 0.6 mm.

NA, not applicable/unknown.

Fig. 2. Supra-structure disconnected after 6 months. Implant positioned in the region of 21 is
submerged.

Table 3. Bleeding index score on probing at
baseline and 1 year control, at deepest site,
N 5 16

Bleeding score 0 1 2 3

Baseline 25.0 6.3 50.0 18.8
1 year 87.5 12.5 0 0
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examination as compared with baseline.
At the 1-year examination, 87.5% did
not demonstrate bleeding on probing
(Table 3).

Clinical and radiographic effects of
treatment are presented in Table 4.
Mean pocket depth reduction was
4.2 mm, and mean defect fill was
2.3 mm. At the 1-year examination,
81% of the implants had a defect fill of
X2 threads (X1.2 mm) at proximal
sites (Fig. 3a and b). All implants
had a defect fill of at least 1 thread
(0.6 mm).

A good flap adaptation was accom-
plished, although in 25% of the sites
complete wound closure was not
achieved. Two weeks post-operatively,
62.5% implant sites demonstrated
inadequate primary healing with the
presence of soft tissue craters. At
2-week post-operative control, the
resorbable membrane was visible in
31.3% of the implant areas and at
43.8% of the implants the cover screw
was visible.

One patient reported postoperative
pain, one patient reported allergic reac-
tion to the antibiotic treatment and two

patients reported swelling in the surgical
area.

Discussion

In this clinical consecutive treatment
study of peri-implantitis, surgical open
flap debridement and placement of a
bone substitute in combination with a
resorbable membrane were evaluated,
employing a submerged healing situa-
tion during the first 6 months.

The majority of patients in the present
study were smokers and classified as
periodontitis patients. Both smoking
and periodontitis have been reported to
be patient-related risk factors for peri-
implantitis (Karoussis et al. 2004, Roos-
Jansåker et al. 2006b). Accordingly, it is
possible that the clinical outcome
reported in this study was negatively
affected by the fact that the majority of
the patients were smokers.

The plaque index and bleeding scores
improved after the treatment. At base-
line bleeding scores 2 and 3 (line or
profound bleeding) were found at about
70% of the deepest sites, and 1 year
after treatment and bleeding scores of 2

and 3 were not present. The full-mouth
bleeding score was 63% at baseline and
17% after treatment. The reduced
bleeding scores after treatment in the
present study indicate a healthier situa-
tion than before treatment.

The mean defect fill was around 4
threads (2.3 mm), with a range from 1
(0.6 mm) to 8.5 threads (5.1 mm). In a
recent study by Roos-Jansåker et al.
(2007), a similar surgical technique as
in the present study was used in one of
the groups, with the exception of the
submerged healing pattern. The more
favourable results obtained in the pre-
sent study may accordingly be explained
by the more undisturbed healing offered
in the submerged model. It should,
however, be kept in mind that the
defects in the present study were some-
what deeper with deeper PDs at base-
line. This could also have had an impact
on the results. Evaluating submerged
versus non-submerged healing, the data
from this study indicate that it may be an
advantage to accomplish undisturbed
healing whenever this is possible.

Membrane and cover screw exposure
were common complications in the pre-
sent study. One possible explanation
may be that the use of a cover screw
and a membrane are space consuming,
and thereby create additional tension to
the flaps. Blanching in around 25% of
the implant sites is also an indication
that tension was introduced in the flaps,
although the periosteum was cut before
suturing. Soft tissue craters were a fre-
quent finding, indicating inadequate pri-
mary healing. Many previous studies
have reported membrane exposure as a
complication following regenerative
treatment of peri-implantits (Roos-Jan-
såker et al. 2003). Surgical technique
and flap management have been pro-
posed to influence the healing outcome
following periodontal surgery (Cortelli-
ni 2006), and most likely this is also the
case in trying to obtain regeneration
around diseased implants. To perform
surgery in peri-implantitis cases may be
very difficult. Bone loss around the
implants resulting in circumferential
craters with granulomatous tissue firmly

Table 4. Results of treatment after 1 year at deepest site, N 5 16

PD reduction (mm) PAL gain (mm) MR (mm) Defect fill (threads) Defect fill (mm)

4.2 � 1.5 (2; 7) 1.4 � 1.7 (� 2; 4) � 2.8 � 1.4 (� 6; � 1) 3.8 � 2.0 (1; 8.5) 2.3 � 1.2 (0.6; 5.1)

Means � SD (range).

MR, mucosal recession; PD, probing depth; PAL, probing attachment level.

Fig. 3. (a) Radiograph demonstrating peri-implant bone loss before treatment. (b) One-year
radiograph demonstrating defect fill.
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attached to a non-keratinized mucosa is
a demanding task for a surgeon to
handle, and improvements in surgical
techniques are desirable. However, in
spite of the healing complications
reported in this study, the clinical out-
come as evidenced by PD reduction,
probing attachment gain and defect fill
was good.

It can be concluded that surgical treat-
ment of peri-implantitis using a bone
substitute and submerged healing
resulted in defect fill and clinical
improvements of peri-implantitis defects.
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Clinical Relevance

Scientific rationale for the study:
Limited information is available
regarding bone regeneration after

submerged healing of peri-implanti-
tis lesions.
Principal findings: One year follow-
ing surgery using a bone substitute
and a resorbable membrane, clinical

and radiographic improvements were
achieved.
Practical implications: When sub-
merged healing is possible, this
method may be advantageous.
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