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ABSTRACT
Background: Only a few reports deal with implants placed in infected postextraction sites.

Purpose: Survival rates of a cohort of immediate implants cases placed in acute and chronically infected sites were compared
with a cohort of noninfected ones while (1) tooth extraction and osteotomy sites were prepared with a piezosurgery device
and (2) ultrasonication was applied to abate the bacterial charge at infected sites.

Materials and Methods: Eighty-six patients received 168 immediate implants distributed into three groups: non-
infected (85), acute (36), and chronically (47) infected sites. Atraumatic extraction and implant osteotomy were per-
formed with an ultrasonic surgery device without flap elevation. All sites received the same medication and surgical
protocol; infected sites were ultrasonicated during 30 seconds at 72 W. Kaplan—Meyer survival rates were calculated at
1 year.

Results: The 1-year survival rates of the noninfected, chronically, and acute infected groups were 98.8, 100, and 94.4%,
respectively. The differences were not statistically significant. No implant was lost after loading. All teeth and roots could be
extracted in one piece. Drilling at extraction sockets was uncomplicated, without skidding.

Conclusions: Implant survival rates might be similar in infected and noninfected sites when infected sites receive standard
medical and surgical treatment and are ultrasonicated. Atraumatic tooth/root extraction and implant placement can be
reliably performed with piezoelectric surgery.

KEY WORDS: atraumatic extraction, immediate implant, piezo-surgery, root extraction, tooth extraction, ultrasonic
surgery
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Analysis of the implant literature dealing with im-
plants placed in infected postextraction sites shows that a
variety of pathologies and treatment protocols is involved.
The published reports are dealing with either chronic
periodontal pathologies,”'""* acute,'® or both.””>'* Care-
ful local debridement and granulation tissue removal
are consistently performed, but flap elevation with

bone grafting has been either included>”*!'®!>!41>

or
excluded®'"'* from the surgical procedure.

Per-operatively, infected sites have been handled
with implemented antibiotics,” cortisone application,*"!
profuse irrigation with chlorhexidine,'* plasma rich
in growth factors,” or large excisions of bone with
burs.'” The start of antibiotic therapy also varied prior
to surgery; it was 3 days,' 2 days,” 24 hours,® or
1 hour.!"™ After surgery, it extended up to 4 days,"
5 days,”®'>"> 7 days,"* 10 days," or even 21 days.’

Of the few reports published of this issue, only two

studies™!?

involved test and control groups; they com-
prised 25° and 17'* patients. In one study, the test group
consisted of solely chronically infected sites, and im-
plants were left to heal in a submerged way.’ In the other
study, both chronic and acute infected sites were treated;
implants healed in a semisubmerged fashion.'? Flaps
were equally reclined in these studies, and the sites were
treated with autologous bone’ or bone substitute;'* a
resorbable membrane was always used. Therefore, any
additional data comparing the survival rates of implants
placed in infected and noninfected sites should be
welcomed as far as the detailed treatment protocol is
provided.’

In all the above-mentioned papers, tooth and root
extraction was performed with conventional forceps;
implant osteotomies beyond the extraction sockets were
prepared with rotary instruments. Lately, a new family
of surgical tools has been developed to perform tooth/
root extraction and implant placement.” It consists of
ultrasonically moved tips connected to a piezosurgery
device. Relevance of this novel technique has been
previously addressed."”

Recently, our group identified that the powerful
cavitation generated by the ultrasonically moved tips
can have an effective bactericide action on bacteria.” It
was then suggested that cavitation might be clinically
relevant to challenge the bacterial burden at infected
sites, in the same way it did for the diabetic foot.*

The aim of the present report was therefore to docu-
ment the survival rates of a cohort of immediate implant

cases placed in infected, chronic, and acute sites. It was
eventually compared with the survival rates of a simul-
taneously treated cohort of cases in which implants were
placed in noninfected extraction sites. More specifically,
the same medical and surgical protocols were applied to
the infected and noninfected sites. The only difference
was that infected sites were ultrasonicated with the
vibrating tips of a powerful piezoelectric bone surgery
device in order to take advantage of the evidenced
bactericide effect.

MATERIALS AND METHODS

Ultrasonic Bone Surgery Device

The UBS ultrasonic bone surgery device (Resista,
Omegna, Italy) was used to extract the teeth and the
roots as well as to prepare the implant osteotomies.
It works in the 20-32 kHz range; its maximum ultra-
sound power is 90 W."?*?* The tips are made of tita-
nium alloy.

Extraction Tips

Six different tips (Figure 1) were available to adapt to the
various clinical situations. The first one is arrow like and
sharp on both sides (Figure 1); it was used to penetrate
into the periodontal ligament (PDL) at the coronal part
and start sectioning the fibers of the PDL. To deeper
section the PDL fibers in the apical direction, four

11
Figure 1 Vibrating tips to cut the periodontal ligament (PDL)
fibers. From left to right: arrow-like tip, syndesmotome with
teeth perpendicular and parallel to the handpiece long axis,

left- and right-angled 45° syndesmotome without teeth,
right-angled 45°, large syndesmotome with teeth.



Figure 2 Vibrating osteotomy tips for extraction sockets. From
left to right: two cylindrical pilot tips, conical tips of increasing
diameter.

syndesmotomes were further used; two of them are
straight with teeth; their cutting direction is parallel and
perpendicular to the long axis of the tip (Figure 1). The
two other items are 45° angled, one to the right and one
to the left (Figure 1), in order to better adapt to the
socket geometry. The last one, with teeth, was indicated
to extract ankylosed teeth (Figure 1).

Implant Osteotomy Preparation Tips

Six different vibrating tips were available, two pilot
cylindrical tips and four conical ones (Figure2), to
adjust to the various implant diameters. All were
laser-marked at 8, 10, 13, and 15 mm. The pilot drills
were @ 1.8 and 2.2 mm; the conical drills at the 13 mm
laser-marking were © 2.8, @ 3.2, @ 3.8, and @ 4.5 mm
to place implants of @ 3.75, @ 4.2, and @ 5mm,
respectively. The working surface is located at the
apical extremity to prevent alteration of the thin buccal
table during preparation of the implant bed. The
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conical shape of the vibrating tips is designed to
mechanically condense the bone of the osteotomy site
beyond the socket.

PATIENT DATA

Inclusion/Exclusion Criteria

Patients that needed tooth extraction and immediate
implant placement constituted the present cohort of
cases. Integrity of the socket walls was explored with
a periodontal probe. Absence of the buccal wall at
the treated sites was an exclusion criterion. When the
buccal wall was found missing over 3-5 mm below
the marginal gingiva, a biomaterial (BioOss, Geistlich,
Wohlhusen, Switzerland) was added.

In addition, these consecutively placed implants had
to be in place for at least 1 year.

According to the situation of the socket, extrac-
tion sites were distributed into three distinct groups:
(1) non infected sites; (2) sites with chronic infection;
and (3) sites with acute infection. The treatment was
explained to the patients expected to receive im-
plants in the infected sites; an informed consent was
signed.

The noninfected group was characterized by the
following: (1) extracted teeth did not show clinical or
radiographic signs of infection at the apex; (2) teeth
were not involved in a periodontal disease. Reasons for
extraction are given in Table 1.

Infection was considered chronic when the
following conditions were met: (1) periapical granu-
loma cyst; (2) asymptomatic periapical granuloma,
both detected on radiographs; or (3) tooth mobility
with Miller index >1. These sites were also characterized
by absence of pain, fistula, pus, and active periodontal
disease. Reasons for extraction are given in Table 1.

TABLE 1 Reasons for Extraction

Non infected Nonfunctional root Tooth fracture

group
30 7
Perioapical

Chronic infection  Nonactive

group periodontal disease
15 5

Failed endodontic

granuloma

Acute infection
group treatment

2 7

Active periodontal

Tooth mobility Tooth ankylosis ~ Orthodontic  Total
traction
8 17 23 85
Endo-perio disease Total
27 47
Granuloma and pus  Infected fracture Total
10 17 36
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Infection was considered acute when the following
criteria were met: (1) presence of pain; (2) presence of
pus or fistula for periodontally involved sites; (3) pres-
ence of pus at the apex of endodontically involved sites,
even when still collected in a periapical cyst. Reasons for
extraction are also given in Table 1.

Surgical Procedure

All patients received the same antibiotic treatment,
whatever the reason for extraction was. Amoxicillin with
Clavulanic acid (Augmentin, GlaxoSmithKline, Verona,
Italy), 2 x 1 g/day was given for 5 days, starting 612
hours before extraction (i.e., either on the evening
before surgery or on the morning of the surgery day).

No periodontal flap was raised. Extraction was per-
formed with the tips of the extraction kit (Figure 1) at
66 W (power 5 on the UBS device).'”*® The arrow-like
tip was brought into the sulcus over a 4-5 mm depth
all around the teeth, without previously separating
the gingiva from the teeth. The straight or angled
syndesmotomes were then utilized to achieve a deeper
cut of the PDL fibers, up to 10 mm. After sectionning the
PDL fibers, the teeth were mobilized with a Claude
Bernard syndesmotome and then removed from the
socket. At ankylosed teeth, the vibrating syndesmotomes
with teeth were used to detach the root from the sur-
rounding attached bone. Infected sites were carefully
curetted to remove the granulation tissue and were
ultrasonicated during 30 seconds at 72 W (power 6)*
with the straight round bur of @ 2.2 mm.

The osteotomy tips were used at power 6 to prepare
the implant bed beyond the apex of the socket. The pilot
tip was placed against the palatal wall to notch the socket
at its apical third; angulation of the tip took into account
a palatal shift of approximately 5° from the tooth axis.
The notch was created with the correct angulation
without any uncontrolled motion. It was extended into
a 3-5mm deep channel, apical to the alveolus apex.
Enlargement of the osteotomy took place with the other
tips of increasing diameter. Beyond the extraction
socket, the osteotomy was conical in shape. Figures 3-5
illustrate a case taken from each group.

Demographic Data

One hundred sixty-eight implants rehabilitated the
missing teeth of 53 women and 33 men; patients were
26 to 77 years old.

Implants were placed in noninfected (85
implants/43 patients) and infected (83 implants/57
patients) extraction sites. Infected sites were divided into
sockets with chronic (47 sites/28 patients) or acute (36
sites/29 patients) infection according to the previously
described inclusion criteria.

A total of 30 (17.9%) roots and 138 teeth was
extracted; 17 showed ankylosis. Out of 99 extraction
sockets in the maxilla, 58 (34.5%) belonged to the ante-
rior maxilla; 22 teeth were biradicular (Table 2). Reasons
for extraction have been listed in Table 1.

Implants from two manufacturers (Leader, Milano,
Italy; Bioner, Barcelona, Spain) were placed; 64 implants
(38.1%) belonged to the latter manufacturer. Implant
characteristics are given on Table 3a and b.

All implants were placed according to a one-stage
procedure. The different healing protocols are given in
Table 4. At completion of healing, implant mobility was
tested and the classical steps for prosthetic rehabilitation

were undertaken.

Follow-Up and Success Criteria

Implants were controlled at the end of the correspond-
ing healing period, at 3, 6, and 12 months, then annually
and for the purpose of the present report. The survival
criteria proposed by Buser and colleagues™ and Cochran
and colleagues™ were followed, they were: (1) implant
stability at each control; (2) absence of pain or any sub-
jective sensation; (3) absence of recurrent peri-implant
infection; and (4) absence of continuous radiolucency
around the implant.

Statistical Analysis

The Kaplan—Meier survival estimate method was used to
compare implant survival of the groups during the first
year of implantation. This constraint to the first year
allowed meeting the assumption of linear hazard over
time because implants undergoing a deviation from a
standard protocol are expected to have a higher failure
rate during the osseointegration period but not after-
wards. The threshold value for statistical significance
was set at p <.05.

RESULTS

Brittle endodontically treated teeth or roots were all
removed in one piece. They would have been fractured
into pieces if extracted otherwise than with the vibrating
tips. Ankylosed teeth were also taken in one piece; inva-
sive surgery was avoided.
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Figure 3 Treatment of a noninfected site with an immediate implant. A, Radiograph of the noninfected tooth to be extracted.
B, Cutting the periodontal ligament (PDL) fibers with the arrow-like tip on the mesial side of the tooth. C, Extraction of the
noninfected tooth. D, Preparation of the implant osteotomy with the vibrating tips. E, Immediate implant placed.

Notching the apical third of the palatal cortical table
during implant placement in the anterior maxilla or
preparing the thin inter-radicular bridge of premolars
was uncomplicated, without skidding. Deepening the

osteotomy beyond the apex of the socket and enlarging
it with the tips of increasing diameter were effortless.
Implant placement was performed in the usual way. All
implants achieved primary stability.
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Figure 4 Treatment of an acute infected site with an immediate implant. A, Radiograph of the acute infected tooth that needs
extraction. B, Cutting the periodontal ligament (PDL) fibers with the arrow-like tip on the lingual side. C, Pus cleaning of the acute
infected site. D, Immediate implant placed. E, Clinical view at the 2-year control. F, Radiograph of the immediate implant at the
2-year control.
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Figure 5 Treatment of a chronically infected site with an immediate implant. A, Radiograph of the infected tooth to be extracted.
B, Cutting the periodontal ligament (PDL) fibers with the arrow-like tip on the distal side of the tooth. C, Chronically infected
tooth after extraction. D, Vibrating tip placed in the osteotomy showing direction of the implant to be placed. E, Radiograph of
the vibrating tip during preparation of the osteotomy. F, Immediate implant placed. G, Radiograph at the 2-year control.
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TABLE 2 Details of the Treated Sites for Each Group

All Anterior  Posterior  Biradicular  Monoradicular
Sites Mandible Maxilla Maxilla Maxilla Premolar Premolar Teeth Roots
No infection 85 38 47 25 22 10 20 76 9
Chronic infection 47 20 27 16 31 7 11 36 11
Acute infection 36 11 25 17 19 5 10 26 10
Total 168 69 99 58 72 22 41 138 30

Three implants failed. One (1.2%) belonged to the
noninfected groups; it failed after 3 weeks of healing. Two
(5.5%) were part of the acute infection group; one failed
after 2 months of healing, and the other one was imme-
diately loaded and failed after 1 month of function. No
implant failed in the chronically infected implant group.
The 1-year survival rates of the noninfected, the acute
infected, and the chronically infected implant groups
were 98.8, 94.4, 100%, respectively. No statistically

TABLE 3 Details of the Placed Implants according to
Implant Diameter and Length

a. Implant Diameter

@ (mm) 3.75 3.8 4.0 4.5 Total
Noninfected 46 3 27 85
Chronic 14 5 3 25 47
Acute 11 1 19 36
71 9 17 71 168

b. Implant Length
Length (mm) 10 11.5 13 Total
Noninfected 10 30 45 85
Chronic 4 12 31 47
Acute 3 12 21 36
17 54 97 168

TABLE 4 Details of the Placed Implants according to

the Healing-Loading Protocol

Immed. Early Standard

Loading Loading Loading

(<1 w) (1 w-3m) (>3 m) Total
Noninfected 1 32 52 85
Chronic 4 25 18 47
Acute 2 4 30 36
Total 7 61 100 168

significant differences were found between the failures
rates of the various groups (p=.14), between the
infected and non-infected groups (p =.53), or between
the acute and chronically infected groups (p=.10).
At the 2-year control, the survival rates remained
unchanged.

DISCUSSION

Studies dealing with implants placed in infected sites are
limited in number, but unanticipated high survival rates
have been reported.””™" To meet this unconventional
situation, the standard protocols of implant placement
have been altered. The deviations consisted into specific

administration of medication before,””"* during,®'""?

5,10

or after>'” surgery; flap raising was introduced to get

ST-I0IZILLS and extensive bone

access to the infected sites,
removal with bone grafting was carried out."

The present protocol differs from all previously
published ones because the infected and noninfected
sites underwent the same medical and surgical treat-
ment (i.e., without specific medication, without flap
elevation, or selective bone removal). Only, to abate the
infection risk, the infected sockets were ultrasonicated
during 30 seconds at 72 W with the vibrating round tips
of the UBS device, implementing the strong cavitation
effect. The aim was thought to achieve a local bactericide
effect. Such an effect on microorganisms has been
described in vitro by Thacker” on yeast and by Blus
and colleagues® on two distinct bacteria, E. coli and
B. subtilis. The latter authors® reported that 20 seconds
of ultrasonication at 72 W could reduce by 50% the
number of active colonies of E. coli.

Clinically, a bactericide effect would suit the positive
healing response to cavitation while treating the diabetic
foot’ and patients affected by bisphosphonate-related
osteonecrosis of the jaws.*

The clinical effect of this local cleansing method
cannot be asserted with certainty, but it might have



been useful because none of the previously mentioned
specific protocol alterations have been implemented in
the infected sites. Experimental studies should be per-
formed to investigate if infected sites can heal without
any specific treatment.

The survival rates of the infected sites compared
well with the noninfected; this is in line with all pre-
vious reports.®"? A 3-year multicenter study showed that
immediate implants placed in sites with periapical
lesions could not be assessed as a risk factor of implant
failure.®* However, a more recent paper found that the
reason for extraction could affect the survival rates of
immediate implants.”” At 1 year, sites with an endo-
periodontal disease failed significantly more than sites
with a periodontal disease only, 87.0% versus 95.9%
(p=.009).

The present report should be viewed as a further
contribution to the growing corpus of reports focus-
ing on immediate implants placed in infected sites.
In addition, it may suggest, for the first time, that
ultrasonication through strong cavitation can affect
similarly acute and chronic sites when it is used as a
deviation step from standard protocols.

Because of the potential risk for implant failure,
the fate of implants placed in infected sites has not
been extensively documented.** The reason is that the
principles of evidence-based dentistry*® are preventing
clinicians to treat this indication. With more clinical
reports supporting high survival rates, this approach
might evolve the same way it did for immediate loading
protocols, which are now considered acceptable practice
in the hands of trained clinicians.”

The esthetic follow-up is presently lacking because
implant survival was the sole variable to be investigated.
It would have been relevant to record all esthetic land-
marks and check the way soft and hard tissues compare.
Obviously, consistent esthetic results must be demon-
strated before implant placement in infected sites could
be considered as a suitable indication for implant
therapy.

We previously documented that atraumatic extrac-
tion and implant placement with ultrasonic surgery
tips can be a predictable surgical technique; this was
achieved by following 40 sites over at least a 1-year
period.” With the present additional data, the advan-
tages that have been previously identified could be con-
firmed on a larger scale, on 168 implants. They are the
following: (1) by cutting the PDL fibers at the coronal
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level of the socket instead of severing them with forceps,
the dental community might have here the less trau-
matic extraction method presently at hand; (2) brittle
teeth or roots or ankylosed teeth can be predictably
extracted in one piece; (3) skidding and uncontrolled
motion can be avoided when notching is performed at
the apical third of the palatal table of extraction sites
in the anterior maxilla;**! and (4) condensation of the
apical part of osteotomy can be easily achieved as it
increases implant primary stability’® and accelerates
osseointegration.”

CONCLUSION

This clinical report suggests that the survival rate of
implants placed in infected sites, chronic or acute, may
be similar to implants placed in noninfected sites. It
suggests also that treatment of infected sites may remain
medically nonspecific and surgically noninvasive. For
the first time, ultrasonication with a powerful com-
mercially available piezoelectric bone surgery device was
used in order to abate the bacterial charge of infec-
ted postextraction sites. However, the relevance of this
method needs to be further investigated and asserted.
Limitation of this study is that esthetic results in terms
of hard and soft tissue landmarks were not addressed.

More studies are warranted to identify what are
the best clinical protocols to efficiently handle in-
fected postextraction sockets with a minimally invasive
approach.
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