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Introduction: Immediate placement of implants in a fresh post-extraction socket is an increasingly
popular and established treatment option. However, active infection in the extraction site may
adversely affect the outcome of this procedure. This study was designed to assess the clinical results
of immediate placement of dental implants in infected extraction sockets using a standardized
. . protocol, which included (a) the use of an Er,Cr:YSGG laser for the decontamination of the infected
Published online March 15, i A . . e .. . .
2020 socket prior to implant insertion, and (b) the utilization of an in situ hardening alloplastic bone graft
substitute to augment the gap between the implant surface and the labial plate of bone.
Patients and Methods: A retrospective record review was used to identify 68 patients who had
implants placed as per the described protocol. A total of 126 implants were placed in 68 patients
(65 implants in the maxilla, 61 implants in the mandible). The implants were loaded 136 + 73
days (mean + standard deviation; range: 37-400 days) after implant placement. Eight patients (16
implants) were subsequently lost to follow up.
Results: 105 of the 110 implants (95.45%) placed immediately in the infected sites using the
described protocol survived after prosthetic loading.
Conclusion: Immediate implant placement in previously infected sites using the protocols mentioned
in our study with laser decontamination of the socket, grafting with an in situ hardening alloplastic
bone graft material and non-submerged healing shows a similar survival rate to the published

Introduction
Placement of dental implants into fresh extraction
sockets has major advantages over delayed placement,
such as reduced overall treatment time and the number
of surgical procedures.” Animal and human studies have
reported successful outcomes with immediate placement
of implants, and immediate implant placement has
become a routine treatment in dental practice.” The
presence of active infection in the extraction site has been
considered one of the main contraindications to post-
extraction immediate implant insertion due to the risk of
spread of the infection to the peri-implant tissues, leading
to implant failure or retrograde peri-implantitis.*
However, recent findings suggest that immediate
implant insertion into infected sockets is not associated
with inferior implant survival rates or increased risks,

success rates for immediate implants placed in non-infected sites.
Keywords: Immediate implants; Infected tooth sockets; Lasers; Bone grafting, Er-YAG laser.

as compared to non-infected sockets. It has gained
some acceptance as a valid treatment option to more
conservative two-staged approaches. Waasdorp et al® and
Corbella et al” evaluated implant placement in infected
extraction sockets by reviewing the relevant literature.
The human studies identified by Corbella et al” reported
survival rates ranging between 92 and 100% for a total of
497 implants placed in sites with endodontic infections
with follow-ups of 12 months or longer. Meltzer® placed
77 implants in infected sockets in 63 patients and reported
a survival rate of 98.7% during a follow-up period of 3
to 24 months. Fugazzotto® described a retrospective case
series with 418 immediate implants placed in sites with
peri-apical pathology. The implants were followed-up for
67.3 months on average, and the survival rate was 97.8%.

It is evident that thorough debridement and
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decontamination of the hard and soft tissue aspects
of infected sockets as well as the removal of microbial
debris are prerequisites for successful immediate implant
placement. The literature reports the prescription of
systemic antibiotics as a prophylactic measure to reduce
the infection risks.” Antiseptic rinsing (e.g. with non-
alcoholic chlorhexidine solutions) may be applied to
inactivate bacteria that reside in anatomically complex
spaces that are not accessible to mechanical cleaning.

Recently, the use of LASERs has become increasingly
popular in dental implantology. Lasers may be used for
the debridement of extraction sockets for immediate
implant placement.’ On the basis of a case series which
included a microbial analysis of the sockets, Kusek'
suggested an Er,Cr:YSGG laser for the decontamination
of infected sockets prior to implant insertion. The
Er,Cr:YSGG laser operates in combination with a water
spray, using a wavelength in the infrared spectrum (A =
2.78 pum). In their review, Chrcanovic et al'? pointed out
that laser treatment indeed is an interesting option to
debride infected sockets prior to implantation due to the
noticeable reduction of bacteria reported by Kusek," but
the number of patients (n=10) reported in the literature
is low. In our dental office, laser debridement is a standard
measure prior to implant placement. The present study
was carried out to validate the established treatment
procedure for immediate implant insertion in infected
sockets in a larger series of patients.

Patients and Methods

The patient files of consecutive cases with implantation
in infected extraction sites undertaken at the Global
Health Research Group, New Delhi, were assessed for this
retrospective analysis by the attending Dental surgeon. All
surgical procedures were performed by a single surgeon
(AK). The prosthodontics procedures were completed by
KK. The reasons for tooth extraction were classified, as
suggested by Corbella et al,” for each prospective implant
site as an endodontic cause, a periodontal cause, a root
fracture, and a combined endodontic-periodontal cause
or trauma with subsequent infection.

Surgical Protocol
Informed consent for extraction and immediate dental
implant insertion was obtained from all patients. All
patients started on pre-operative antibiotics 1-2 days prior
to the surgical procedure (Augmentin -GlaxoSmithKline,
India, 1000 mg twice daily, in the case of penicillin allergy,
a combination of Azithromycin-Alembic, India 500 mg
once daily and Ofloxacin-Cipla, India 200 mg twice daily).
The affected teeth were extracted atraumatically (Figure
1) using minimally invasive techniques with periotomes
(GDC, India) and luxators (SDI, Sweden). The extractions
were performed without raising flaps. Inflammatory
tissues, pus, and necrotic tissues were removed by
thorough socket curettage. Care was taken to clean both the

Figure 1. Preoperative Intraoral View.

hard and soft tissue aspects of the socket. The extraction
sockets were considered for immediate implant insertion
if the buccal plate was intact or minimally affected (e.g.
perforation due to a draining sinus). Socket grafting was
contemplated in cases with heavily affected buccal plates.
Immediate implant insertion was not performed in such
cases. After thorough mechanical cleaning, the sockets
were rinsed with 5 ml of an aqueous 0.2% chlorhexidine
digluconate solution (Clohex, Dr. Reddy’s Laboratories
Ltd., Hyderabad, India), followed by a 5 mL sterile
saline rinse to remove tissue debris from the socket.
This procedure was repeated three times for each socket.
The laser treatment was adapted and modified from the
protocol described by Kusek' and was performed before
the preparation of the implant bed. An Er,Cr:YSGG laser
Unit (Waterlase MD, Biolase Technology, Irvine, CA)
was used for the preparation and decontamination of
the socket using the MZ-4 (14 mm) radial-firing tip. The
power was set at 1.0 to 2.5 W with 30%-40% water and
50%-60% air at 20 Hz using the Hard tissue (H-Mode)
on the unit. The radial-firing tip was inserted up to the
apex of the socket and slowly moved coronally, guiding
the tip in a circular fashion. Application time was 40 to 90
seconds per socket, dwelling at the sites where the sources
of infection were identified during tooth removal. Care
was taken to debride each socket individually for multi-
rooted teeth. The laser protocol is shown in Box 1.
Depending on the socket morphology and location,
implant design and diameter were chosen in order to

Box 1. Laser Debridement Protocol for Site Preparation for Immediate

Implant Insertion

Equipment: Waterlase MD Unit (Biolase Technology, Irvine, CA):
Er,Cr:YSGG laser.
Protocol:
. Settings:
MZ-4 (14 mm) Radial firing tip used in a non-contact mode
Power setting: 1.0 to 2.5 Watts
Frequency: 20 Hz
Irrigation: 15% to 40%; Air: 30 to 50%
. Procedure:
¢ Thetip is inserted into the socket apex and moved coronally,
guiding the tip in a circular fashion towards the crest.
¢ Application time: 40 to 90 seconds per socket, dwelling at the
sites of identified sources of infection
¢ Debridement of each individual “root socket” for multi-rooted
teeth

*
*
*
*
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attain primary stability. Tapered implants (Nobel Active
and Nobel Replace- Nobel Biocare AB, Goteborg, Sweden;
Xive- Dentsply Implants, Mannheim, Germany; Alpha
Bio-Petach Tikva, Israel) were used to accommodate the
root morphology. For single restorations, interradicular
septae were used in sockets from multi-radicular teeth to
get a favorable mesiodistal implant position. For multi-
rooted teeth which were part of a bridge, either the mesial
or distal socket was chosen as the implant site. For single-
rooted teeth, the socket was used as the implant site, often
placing the implant in a palatal axis, especially in upper
anterior teeth, for better esthetics and emergence. Where
possible, implants were placed 1 to 1.5 mm sub-crestally
(Figure 2A) to optimize the platform switch features of
the implant system.

Gaps between the implant and the bony socket wall as
well as any bone deficiencies caused by the pre-existing
inflammatory processes were filled with an alloplastic, an
in situ hardening bone graft substitute (GUIDOR easy-
graft CRYSTAL, Sunstar Suisse SA, Etoy, Switzerland)
(Figure 2B). The moldable material was applied directly
from the applicator into the defect. It was tightly packed,
and the bone graft substitute surfaces were smoothened
using gauze moistened with sterile saline. The material
was filled up to bone level, covering the cover screw in
most cases. The bone graft substitute used has the inherent
ability to harden in contact with blood, thereby avoiding
the need for a membrane for graft retention. The defect
was sutured using a 4-0 Vicryl suture (NW2304, Ethicon,
Johnson & Johnson Ltd., India). Primary closure was not
always achieved since flap elevation was kept to a
minimum. In cases where primary closure was possible,
the wound edges were approximated by sutures.

The patients were prescribed Ibuprofen 400 mg (Cipla,
India) and were instructed to take the medication when
needed only. Antibiotics were continued for 5 to 7 days
post-operatively. Mouth rinses with Chlorhexidine
(Clohex Plus- Dr. Reddy’s Laboratories Ltd, Hyderabad,
India) solution were prescribed twice daily as an additional
oral hygiene measure for the next 8 to 10 weeks. The
patients were advised to refrain from brushing the surgical
area for the first day after surgery. A soft surgical brush

(Surgical brush, TePe, Malmo, Sweden) was dispensed for
the cleaning of the surgical area after the initial healing
phase during the first 2 weeks post-surgically.

The implants were restored using the conventional
protocols of delayed loading after 3 months in the
mandible and after 4 months in the maxilla. They were
exposed using minimal flaps or Diode lasers (Biolase
Technology, Irvine, CA, USA). Standard impressions and
prostheses were fabricated as per the patients’ treatment
plan, which ranged from single-tooth restoration to
multiple teeth bridges. All prosthetic restorations were
fixed, either cemented or screw-retained (Figure 3B).

Results

Sixty-eight consecutive patients (40 males, 28 females)
were treated using the described protocol. The patients
were 57.5 £ 16 years of age (mean + standard deviation;
range: 22-85 years) at the time point of extraction. The
reasons for extraction were endodontic causes in 32 sites,
periodontal causes in 18 sites, root fractures at 26 sites,
combined endodontic-periodontal causes at 42 sites, and
trauma with subsequent infection in 2 sites of implant
placement. In 4 patients (5 Implant sites), there was a post-
operative infection in the Implant area. These implants
were removed and areas were re-treated with the laser
protocol as described earlier and were re-grafted using
an alloplastic, an in-situ hardening bone graft substitute
(easy-graft Crystal, Sunstar Suisse SA, Etoy, Switzerland).
These 5 sites were later re-implanted successfully after
6-8 months and restored thereafter. The data from these

Figure 3. (A) Healed implant with the abutment installed: intraoral
view. (B) Final appearance.

Figure 2. (A) Immediate implant inserted. (B) Jumping space grafted with an alloplastic, an in situ hardening bone graft substitute (GUIDOR
easy-graft CRYSTAL, Sunstar Suisse SA, Etoy, Switzerland). (C) Post implant insertion IOPA.
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patients were recorded as failures for the purpose of this
study.

In all, the 68 patients received 126 implants (65 implants
placed in the maxilla and 61 in the mandible). Details are
shown in Table 1.

Healing was uneventful in all patients, with minimal
pain and discomfort. In cases where no primary closure
was attained, patients reported some bone graft substitute
particles in their mouth in the days following surgery.

Eight of 68 patients (16 implants) were lost during
follow-up. These patients were followed up by the referring
dentists, often overseas, and thus were not available for
a recall. Out of the remaining 60 patients (35 males, 25
females; 110 implants), 105 implants (95.45%) survived
after the prosthetic restoration was delivered, at their last
follow-up. The prosthetic restoration was delivered 4.6 +
2.4 months (mean + standard deviation; range: 37 to 400
days) after implant insertion. Three implants in the molar
region of the mandible and two implants in the front
region in the maxilla (1 each in a canine and premolar)
failed during follow-up. One of the failed implants was
removed due to an infection 2.5 months after implant
placement, three implants did not show osseointegration
at the reopening, and one implant was lost 4 months after
loading (Table 1). 110 of the 126 implants (60 out of the
68 patients) were followed up for more than 3 months
post-finalization and were included for the analysis. Mean
follow-up was 48.75 + 13.75 months (mean + standard
deviation; range: 116-2184 days). One implant was lost
during follow-up; that is, after loading (see above), none of
the other implants failed or showed ongoing pathological
processes.

Discussion

We have described a surgical technique and protocol for
immediate implant insertion in infected sockets using
the LASER decontamination of the infected extraction
socket and an in situ hardening bone graft substitute for
grafting of peri-implant defects. Sixty-eight consecutive
patients who received 126 implants were treated using
this method. Of these, 110 implants placed in 60 patients
could be followed up for more than 3 months after final
loading and were finally included in the study. The implant
survival rate among these 60 patients (110 implants) was
95.45% during a mean follow-up of 48.75 + 13.75 months
(range: 116-2184 days)

Table 1. Distribution of Implants Placed Across Intraoral Sites

The literature reports success rates of 92%-100% for
immediate implantation in infected sockets, which is
comparable to the 98.4% survival rate found for immediate
implants in non-infected sockets.>”***!*> Several studies
directly compared infected sockets with unaffected
sites. A retrospective analysis assessed implantation in
sockets where the teeth showed radiographic evidence
of a periapical lesion in comparison with implantation
into non-infected sites.'® The survival rates were 98.1
and 98.2% for implants placed in sites with periapical
pathology and implants placed in sites without periapical
pathology respectively; the difference was not significant.
In yet another multicenter retrospective study, Zuffetti
et al”” compared immediate implant placement in non-
infected (n=334 implants) and chronically infected
(n=193 implants) sites and found no differences in
implant survival rates. Anitua et al'® went a step further
and assessed the immediate loading of implants placed
into infected sites. In their retrospective analysis of 43
implants placed in 30 patients, with a mean follow-up time
of 6 years, they reported an implant success rate of 94%.
In a similar study, no difference was detected between
immediate and delayed implant placement in sites with
chronic periapical infection® or in sites with periapical
radiolucency, fistula and/or suppuration compared to
sites without such pathologies.” Yet another study used
piezosurgery for site preparation and osteotomy and
compared implant success rates amongst non-infected
sites and those with acute or chronic infections.?! They
found no significant differences in the implant survival
rates at 1 year and reported no failures after loading.
Thus, the survival rate found in the present case series is
in agreement with the range of reported survival rates of
dental implants inserted in infected sockets.

Several studies have assessed the survival rates of
dental implants immediately placed in infected sockets in
comparison to those placed in healthy sites. There is no
evidence that points towards decreased survival rates of
implants placed in infected sockets compared to placement
in non-infected sites. Lee et al conducted a systematic
review and meta-analysis of randomized controlled
trials and non-randomized clinical controlled trials and
concluded that it is safe to place immediate implants in
infected sockets after thorough debridement.”? A similar
study by Chen et al. also yielded similar results. Montoya-
Salazar et al* carried out a prospective controlled study

Incisor Canine Premolar Molar Total
Number Failed Number Failed Number Failed Number Failed Number Failed
Maxilla 11 0 6 1 33 1 15 0 65 2
Mandible 8 0 8 0 16 0 29 3 61 3
Lost to follow up 0 0 2 0 7 0 7 0 16 0
Total 19 0 12 1 42 1 37 3 110 5
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comparing immediate implant placement in infected
and non-infected sites and used a standard preparation
protocol comprising debridement, curettage, irrigation
with 90% hydrogen peroxide, and decontamination with
the yttrium-scandium-gallium-garnet  (Er,Cr:YSGG)
laser, with guided bone regeneration. They found no
statistically significant difference in the implant survival
rate between the groups at 3 years. However, in a meta-
analysis of 7 studies including 1586 implants and 25
failures, Zhao et al* found a 116% higher risk of implant
failure amongst implants placed in infected sites, as
compared to those placed in non-infected sites with
borderline statistical significance. They, however, found
no statistical difference between the groups in terms of
marginal bone loss.

In animals, immediate implant placement was assessed
in sockets with induced endodontic/periradicular
lesions®*?” and ligature-induced or naturally occurring
periodontal ~ pathologies.”**?*'  The animal data
corroborated the clinical findings in terms of implant
survival. Besides the general limitations of animal models,
one has to be aware of issues specific to the clinical
question, such as the unclear relevance of the animal
infection model, and animal host reaction to remaining
microorganisms. Nonetheless, only animal studies allow
a histomorphometric evaluation of the bone-implant
contact (BIC) and other bone-implant interactions. Two
animal trials did not find any significant difference in
the BIC between implants placed in infected and non-
infected sites.”®* In one study, a relevant BIC difference
was detected between implants placed in sites with
induced periradicular lesions compared to non-infected
situations.” Thus, based on animal experiments, it seems
that previous infection may delay or reduce implant
osseointegration. The implants in the animal tests were
not restored. Loading of the fixtures leads to remodeling
of the peri-implant bone to adapt the bony architecture to
the biomechanical stimulus.” Thus, an initial reduction
of the BIC, owing to the previous infection, may not be
clinically relevant due to post-loading remodeling, given
that such a reduction in the BIC does not hamper implant
stability. The long-term clinical success of implants placed
in infected sockets argues that either functional loading
indeed leads to an increase of the BIC to the same levels
as for implants in non-infected sites, or that the non-
substantial reductions in BIC, like they were observed
in one of the animal studies, are without any clinical
consequences.”'

In the present case series, the gaps between the
fixture and the socket walls were grafted using an in situ
hardening bone graft substitute.’>* The main reason for
peri-implant grafting is to preserve the ridge contour at
the implant site and to improve the marginal level of the
bone-to-implant contact.*** Also, animal data suggest
that grafting of the peri-implant gap may increase the
BIC during early healing.® Flap elevation was kept at a

minimum in order to reduce the patient burden and to
conserve the soft tissue anatomy. Accordingly, primary
wound closure was not attained in most cases. Exposure
of the bone graft substitute and non-submerged healing
did not lead to complications in any of the patients, which
is in accordance with the published literature.”®* The
bone graft substitute remained in the peri-implant defect
due to the in situ hardening property of the material. The
loss of single graft particles did not have any impact on
healing in the area. The displacement of single granules
from the grafted site ceased after soft tissue closure by
secondary intention healing, which took 18 to 30 days,
depending on the defect size.

The Er,Cr:YSGG laser is used to incise, excise and ablate
intraoral soft tissues and to remove hard tissues. It has been
described for the preparation of infected sockets prior to
implant placement, showing that the anaerobic bacteria
count was reduced by the laser treatment." The present
case series confirmed the clinical results of the pilot study
by Kusek! in a larger patient sample, using a laser-based
protocol. The main purposes of the laser treatment are
to remove hard tissue that is affected by infectious and
inflammatory processes and to inactivate remaining
microorganisms. Furthermore, there is evidence that
points towards improved healing of laser-treated
tissues,** which could be beneficial for bony healing in
the gaps around the implant as well as for efficient soft
tissue closure. However, the claims of superior healing
of laser-treated sites still await confirmation in relevant,
sound clinical trials.

The survival rates of implants placed in the infected
socket are high after both laser-based and conventional
debridement/decontamination procedures. Thus the
question of the additional benefit of laser treatment is
legitimate. Based on the properties of the Er,Cr:YSGG
laser, it is hypothesized that laser debridement and
decontamination performed in addition to mechanical
cleaning may result in higher implant survival rates
and less post-surgical infectious or inflammatory
complications. Indeed, the results from the present case
series are supportive of this hypothesis since early post-
surgical complications, which would be expected as a
consequence of insufficient decontamination, were not
observed. However, it is beyond the scope of a case series
to verify any claims; a controlled clinical trial with strict
inclusion criteria and a very large patient sample will be
necessary to prove or disprove a benefit of additional
laser treatment. Nonetheless, the laser debridement does
not pose an additional risk to the patient; thus its use for
socket decontamination is justified despite the fact that
the benefits have not yet been clearly shown.

Conclusion

The implant survival of 95.4% in 60 consecutive patients
who received 110 immediately placed implants in
previously infected sites indicates that the presented
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protocol with the laser decontamination of the socket,
grafting with an in situ hardening material and non-
submerged healing is an acceptable protocol for the
management of the implant rehabilitation of patients with
infected teeth requiring extraction.
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