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ABSTRACT

Background: Infection in tooth extraction sites has traditionally been considered an indication to postpone implant inser-
tion until the infection has been resolved.

Purpose: The aim of this study was to evaluate the survival rate of early-loaded implants placed immediately after extrac-
tion of teeth with endodontic and periodontal lesions in the mandible.

Materials and Methods: Twenty patients in need of mandibular implant treatment and with teeth showing signs of infec-
tion in the interforaminal area were included in the study. The patients received four to six implants (Brdnemark
System®, Nobel Biocare AB, Goteborg, Sweden) in or close to the fresh extraction sockets and received a provisional pros-
thesis within 3 days. Final prostheses were delivered after 3 to 12 months. The surgical protocol paid special attention to
the preservation of high implant stability and control of the inflammatory response. The patients were followed up for 15
to 44 months.

Results: No implants were lost, resulting in a 100% survival rate. A mean marginal bone loss of 0.7 mm (SD 1.2 mm) was
registered during the observation period. No signs of infection around the implants were detected at any follow-up visit.

Conclusion: A high survival rate can be achieved for immediately placed and early-loaded implants in the mandible
despite the presence of infection at the extracted teeth.

KEY WORDS: immediate/early loading/function, immediate implant placement, implant placement in fresh sockets,
infected extraction sites, infection, inflammatory response, tooth extraction
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vided that careful preoperative care is granted. These
findings are supported by results from experimental
studies in dogs.?>?*

The natural healing process after tooth extraction
normally takes care of a residual infection, especially if
antibiotics are used. It can be hypothesized that the
presence of an implant in such a site would not, per se,
change that process. However, an infection increases
the inflammatory activity, which may lead to increased
bone resorption and increased risk of implant failure.
Conventional granulation tissue removal, site curettage,
and antibiotic treatment are believed to be effective in
reducing the inflammatory activity. To counteract
inflammation following implant insertion, an early
onset of antibiotic treatment may be beneficial. Dent
and colleagues reported a tendency to reduced implant
failure when antibiotics were used preoperatively and in
appropriate doses.>

In addition to careful preoperative care, high initial
implant stability seems to be an important prerequisite
for the placement of implants into infected extraction
sites, especially if immediate/early function is applied.
Firm anchorage in the bone may be achieved by under-
preparation of the implant site. Individual implant sta-
bility may also be improved by splinting; the splinted
implants provide mutual support, which may counter-
act prosthetic mobility, thus stabilizing the individual
implants themselves.2627

Based on the above considerations, the following
hypothesis was formulated: with an appropriate biome-
chanical, surgical, and medical protocol, considering
preservation of high implant stability and controlled
inflammatory response, implants may be successfully
osseointegrated when immediately placed and early
loaded in postextraction sites.

The aim of this study was to test the above hypoth-
esis by performing a clinical evaluation of early (within
3 days) loading of implants immediately placed in, or
close to, extraction sockets of teeth showing advanced
endodontic and periodontal lesions.

MATERIALS AND METHODS

From February 2001 to July 2003, 20 consecutive
patients (10 men and 10 women; 49 to 70 years old) in
need of partial or complete mandibular rehabilitation
were enrolled. All patients were medically healthy.
Seven patients were smokers, four of whom were con-
sidered heavy smokers (more than 15 cigarettes per

day). Ninety-seven implants with various surfaces,
lengths, and diameters (Table 1) were placed in the
mandible by the same surgeon. Ninety-three of the
implants were installed in the interforaminal region,
whereas four implants in three patients were installed
posterior to the mental foramina.

The dentition in the opposing jaw varied (full or
partial denture, implant-supported bridge, or natural
teeth). Periodontal problems in the upper jaw and in
the area of preserved teeth in the lower jaw were treated
before implant placement.

Inclusion/Exclusion Criteria

The inclusion criteria were (1) the need for mandibular
rehabilitation and (2) the presence of residual teeth in
the interforaminal area with clinical and radiographic
evidence of advanced endodontic and periodontal
lesions judged to be no longer recoverable and unable
to support a fixed prosthesis (Figure 1).

Surgical Protocol

Two days before surgery, the patients were administered
antibiotic prophylaxis with amoxicillin 500 mg three
times daily (Zimox, Pharmacia Italia, Milano, Italy);
this daily dosage was maintained up to 5 days after
surgery. On the day of treatment and after tooth extrac-
tion, a full-thickness flap was raised and the mental
foramen was located. Granulation tissue in the sockets
was removed, alveolar bone curettage was performed,

TABLE 1 Number of Implants of Different
Types and Lengths

Implant Length, mm

Implant Type 18 15 13 8.5 Total
Standard, 3.75, RP 5 4 — — 9
Standard, 4.0, RP — 1 - —_ 1
MkII, 3.75, RP 1 — — — 1
Mk II1, 3.75 RP 28 10+(2) — — 38+(2)
MK III, 4.0, RP 5 1 - — 6
TiUnite, Mk III,

3.75,RP 11 i - — 18
TiUnite, Mk III,

4.0, RP by 1+(1) 1 (1) 19+(2)
TiUnite, Mk III,

3.3, NP — 1 — — 1
Total 67 25+(3) 1 (1) 93+ (4)

Numbers in brackets correspond to implants that were not placed in the
interforaminal area. NP = narrow platform; RP = regular platform
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and the implant sites were irrigated with an antibiotic

solution (Rifocin, rifamycin sodium, Gruppo Lepetit
S.PA., Anagni [FR], Italy). Apical fistulae were present
in two patients, and in four patients, pus surged from
the surgical incision.

Brinemark System” implants (Nobel Biocare AB,
Goteborg, Sweden) were installed in a one-stage proce-
dure. The implants were inserted directly into or adja-
cent to the fresh extraction sockets. The exact number of
each category was not registered, but at least two
implants in each patient were placed into an extraction
site. In sites intended for a Toronto bridge (resin-based
tooth and alveolar replacements mounted on a metal
bar), postextraction bone peaks were removed to obtain
a flat ridge to facilitate implant installation. In sites des-
tined for metal-ceramic reconstructions, a prosthetically
ideal height position and mesiodistal position (as indi-
cated by the postextraction sockets) of the implants were
adopted. Each patient received four to six implants.

To ensure good primary stability, the drilling pro-
tocol included underpreparation of the implant site, no
screw tapping, and no countersinking.

The implants were inserted using a torque controller
(OsseoCare, Nobel Biocare AB); an insertion torque of
50 Ncm was aimed for and adopted in all but two cases.
For two implants in one patient, the insertion torque did
not exceed 20 Ncm owing to soft bone quality.

To facilitate the gap closure between the implant
and the surrounding bone, three different procedures
were followed, depending on the size and anatomy of the

Figure 1 A, Pretreatment panoramic radiograph from a 60-
year-old male patient showing advanced periodontal lesions
involving most of the remaining mandibular teeth. Teeth 43 and
44 were judged to be recoverable and were therefore not
extracted. Two remaining molars were also left, according to the
wish of the patient. B, Panoramic radiograph 10 months post-
surgery. C, Periapical radiographs 24 months postsurgery show-
ing good bone healing around the four interforaminal implants.

extraction site: (1) spaces smaller than 1 mm between
the implant and the alveolar bone were left without any
extra measure’®; (2) spaces larger than 1 mm were filled
with available autogenous bone collected during drilling
and covered with a film of cellulose (Tabotamp, Ethicon,
Neuchatel, Switzerland); and (3) if large volumes of bone
were needed, demineralized bovine bone (Bio-Oss,
Geistlich Pharma AG, Wolhusen, Switzerland), alone or
mixed with available autogenous bone, was used and
covered with a bioresorbable membrane (BioGide,
Geistlich Pharma AG).

Multi-unit abutments (Nobel Biocare AB) were
connected to the implants immediately after implant
installation by applying the torque recommended by
the manufacturer (20 or 32 Ncm). Flaps were adapted
to the abutment and finally sutured with bioresorbable
material (Vicryl 4-0 [polyglactin 910], Johnson & John-
son International, St-Stevens—Woluwe, Belgium).

Postoperative Care

Sutures were removed after 12 to 14 days. During this
period, no tooth brushing was allowed in the treated
area. All patients were given analgesics for pain control,
antibiotics as previously described, and 0.2% chlorhexi-
dine mouthwash twice daily for 2 to 3 weeks. A soft-
food diet regimen was instituted.

Prosthetic Protocol

Impressions were taken immediately after surgery.
Within 3 days after surgery, all patients received a pro-
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visional prosthesis made of a rigid cast framework
(chrome-cobalt alloy).

The final prosthesis was delivered after 3 to 12
months provided that the implants appeared to be clin-
ically and radiologically osseointegrated and the
patients were satisfied with the esthetics and function.
Fourteen of the bridges were full-arch bridges, and six
bridges were partial restorations supported by four
implants. Thirteen of the reconstructions were Toronto
bridges, and seven were metal-ceramic bridges. All
prostheses were screw-retained to prevent cement infil-
tration of the surgical wound and to facilitate clinical
follow-up examinations of the implants.

Implant Survival Criteria

An implant was classified as surviving if (1) it fulfilled
its purported function, (2) it was stable when tested
individually, (3) no pain or signs of infection were
detected during clinical examination, and (4) no radio-
logic signs of periimplant pathology were seen.

Clinical and Radiographic Follow-up

Clinical assessment, including evaluation of implant
stability (without the bridge in place), was performed 3
months after implant insertion (baseline) and at the
time of delivery of the final restoration. Thereafter,
clinical examinations were performed every 6 months.
Radiographic examinations were performed at baseline
and at the last follow-up visit during the observation
period. Intraoral radiographs were taken, and efforts
were made to position the film parallel to the implant
axis. A specialist in oral radiology measured the dis-
tance from a reference point at the implant-abutment
interface to the most coronal bone-to-implant contact.

Results

All patients were followed for a minimum of 1 year
(range 15 to 44 months), and no patient dropped out of
the study.

Ninety-three of the 97 implants were installed in the
interforaminal region, whereas 4 implants were placed
posterior to the mental foramina. All extracted teeth were
endodontically or periodontally compromised. Moreover,
two implants presented fistulae and four patients had
suppuration surging from the surgical incision.

No implant failures occurred during the observa-
tion period (Table 2), giving a 100% survival rate. No
radiolucency around the implants or clinical signs of

TABLE 2 Life Table Analysis

Implants Survival Rate,
Period, mo in Function Patients %
At baseline 97 20 100
0-6 97 20 100
6-12 97 20 100
12-24 64 13 100
24-36 37 7 100

infection were detected at any follow-up examination;
the soft tissue was healthy, no pus or fistula was
detected, and no signs of inflammatory reactions, such
as pain or tissue swelling, were seen.

Readable radiographs from baseline and the last fol-
low-up were obtained for 13 of the 20 patients. At base-
line, the mean marginal bone level was 1.70 mm (SD
0.96 mm). A mean bone loss of 0.74 mm (SD 1.19 mm)
was observed between baseline and the last follow-up
visit (Table 3).

Two patients experienced complications. In one
patient, a membrane was exposed in an area in which a
fistula had been previously present; in another patient,
cellulose film exposure occurred. Both complications
were treated with chlorhexidine and healed within 3 to
4 weeks. No patient needed adjunctive antibiotic ther-
apy. No prosthetic complications occurred.

Case Presentations

Two representative cases—one endodontic and one
periodontal case—are presented in Figures 2 and 3.
The first case (see Figure 2) is a 57-year-old male
patient showing significant periapical lesions at the
residual teeth in the mandible. In addition to a large
periapical lesion, a fistula was present in the right
canine area. Despite the substantial lack of bone in this

TABLE 3 Marginal Bone Remodeling between

Baseline and Last Follow-up Visit with the
Patient as a Unit

Bone Level Bone Level Marginal
at Baseline,  at Last Visit, Bone Loss,
mm mm mm
Mean 1.70 2.45 0.74
SD 0.96 1.20 1.19
Number of
observations 13 13 13
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Figure 2 Clinical case of a male patient with endodontic problems in the mandible. A, Clinical pretreatment situation. B, Pretreatment
panoramic radiograph showing significant periapical lesions at the residual teeth in the mandible. C, Postextraction sites with the presence
of granulation tissue. D, Extractions performed and implants placed. E, Implant placed in the right canine position with a large buccal
bone defect. F, Abutments and healing caps connected and bone grafting performed. G, Provisional bridge in place. H, Clinical image of
the soft tissue healing at the 3-month examination. I, Panoramic radiograph taken 18 months postoperatively. J, Intraoral radiographs
taken 18 months postoperatively showing good bone healing around the implants and the absence of radiolucency.
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Figure 3 Clinical case of a female patient with advanced periodontal lesions in the mandible. A, Clinical pretreatment situation.
B, Pretreatment radiograph. C, Extractions performed and implants placed. 1), Abutments connected and bone grafting performed.
E, Suture performed. F, Clinical image of the soft tissue healing 6 weeks postsurgery. G, Intraoral radiographs taken 23 months post
operatively showing good bone healing around the four implants placed in the interforaminal region. The radiographs also show two
implants placed in a two-stage procedure in the molar area at different time points (one prior to and one after insertion of the four
interforaminal implants).
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area, an implant was placed into the extraction sockets
and high implant stability was achieved (50 Ncm). The
bone was reconstructed with autogenous bone collected
during drilling and covered with a cellulose film (Tabo-
tamp). The provisional bridge was delivered 3 days after
surgery, and the final prosthesis was delivered after 5
months of satisfactory healing. Periapical radiographs
performed 18 months postsurgery demonstrated good
bone healing around the implants, and no radioluceny
was detected in the areas of previous granuloma.

Figure 3 illustrates the case of a 57-year-old female
patient with remaining residual mandibular teeth
showing advanced periodontal lesions. At the time of
surgery, a fistula was present in the right canine area
and pus surged from the surgical incision. After bone
curettage, four implants (two in the lateral incisor area
and two in the left and right first premolar areas) were
placed according to prosthetic and biomechanical
needs. The bone was reconstructed with a mixture of
demineralized bovine bone (Bio-Oss) and autogenous
bone covered with a bioresorbable membrane
(BioGide). Flaps were sutured with bioresorbable mate-
rial (Vicryl 4-0). Figure 3F shows that satisfying soft tis-
sue healing had been achieved already at the 6-week
follow-up, except for a limited area of recession in
region 42-43 as a result of membrane exposures. Peri-
apical radiographs performed 23 months postopera-
tively showed good bone healing around the four
implants placed in the interforaminal region.

DISCUSSION

The 100% implant survival rate and the normal mar-
ginal bone changes obtained in this study supports the
hypothesis that early-loaded implants may be success-
fully osseointegrated when placed immediately after
extraction of teeth presenting endodontic and peri-
odontal lesions. The present protocol was based on bio-
mechanical, surgical, and medical principles, consider-
ing preservation of high implant stability and a
controlled inflammatory response. The design of this
study did not permit distinguishing between the sepa-
rate contributions of biomechanical and medical factors
to the clinical results. However, it can be assumed that
high initial implant stability, which is generally accepted
as an important prerequisite for implant success, does
not alone determine the clinical outcome. The same
goes for other biomechanical parameters, such as load
distribution, which is another important parameter that

most certainly influences implant survival. Even if
mechanical criteria are met, an implant may be lost if
persistent inflammation is not controlled after implant
insertion. In such situations, an efficacious antibiotic
protocol may play an important role. In this study, spe-
cial attention was paid to control the infection and the
consequent inflammation in the implant site. In addi-
tion to normal cleansing and curettage, the present pro-
tocol included an enhanced antibiotic regimen; the
administration of antibiotics started 2 days before
surgery, and the alveoli were rinsed with an antibiotic
solution at the time of surgery. Although the antibiotic
dosage was low compared with the dosage suggested by
Dent and colleagues, no signs of symptoms associated
with implant failure were detected. This novel antiin-
flammatory protocol may have prevented some poten-
tial implant losses in the study. There may be other ways
of controlling the inflammatory process, but the results
of this study point to the effectiveness of the present
protocol. Further clinical investigations are recom-
mended to explore its potential.

CONCLUSIONS

Early loading of immediately inserted implants after
tooth extraction in the mandible is possible with a
high survival rate in spite of pretreatment infections in
the sites.
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