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Purpose: The purpose of this study was to investigate the cumulative survival rates of dental implants
placed in a private periodontal practice and the effects of periodontal disease and immediate placement
on implant survival. Materials and Methods: A retrospective chart review was conducted on 149 con-
secutive patients. Each patient had a single implant placed. For the purpose of analysis, patients were
divided into 2 groups: those who were periodontally healthy and those who had periodontal disease.
Implants were placed into available bone either immediately or after a healing period. All failed implants
were removed and recorded. The effects of periodontal status and placement time on implant survival
were evaluated using Cox proportional hazards regression and log-rank tests. Results: Of the 149
implants in the study, 22 failed during the observation period. The 127 censored cases (ie, implants that
had not failed at the end of the observational period) were observed for a mean of 943 days (SD 932,
range 35 to 4,030). Failed implants were observed for a mean of 722 days (SD 1,026, range 18 to
3,548). The presence of periodontal disease appeared to be associated with a greater failure rate, but
there was no observed effect associated with time of placement. The percentages of censored immedi-
ate placement cases and delayed placement cases were nearly identical. Among the 77 implants associ-
ated with periodontal disease, placement time was not strongly associated with percentage censored.
Forty-three of the 55 immediately placed implants (78.18%) and 18 of the 22 implants (81.18%) whose
placement was delayed were censored. Both Cox proportional hazards regression and log-rank tests
established that survival was adversely affected by periodontal disease (P � .05) but unaffected by time
of placement (P � .50). The lower 1-sided 95% confidence limit for median survival time was 3,548 days
for patients without periodontal disease and 1,799 days for patients with disease. Discussion and Con-
clusion: Implant survival was compromised by a history of periodontitis but not affected by immediate or
delayed placement. INT J ORAL MAXILLOFAC IMPLANTS 2004;19:393–398
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During the developmental period of modern
implant dentistry, researchers1 focused primarily

on the phenomenon of osseointegration and the best

techniques for its achievement and maintenance.
When hopeless teeth were extracted, empirical evi-
dence at the time suggested that a healing period of 9
to 12 months was necessary to allow for the forma-
tion and maturation of new bone within the socket
prior to implantation.1,2 Patients who suffered from
severe periodontitis were required to undergo an
extended healing period before implantation.1

Periodontitis comprises a variety of pathologic
conditions that affect the health of the perio-
dontium.3 In general, patients tend to exhibit gingi-
val inflammation and loss of the connective tissue
attachment to teeth.3,4 Loss of the periodontal liga-
ment, disruption of its attachment to the cemen-
tum, and resorption of the alveolar bone can also
occur.3 Along the root surface, there may be migra-
tion of the epithelial attachment and resorption of
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the supporting bone.3 It is widely held that the initi-
ation and progression of periodontitis are depen-
dent on the presence of microorganisms capable of
causing the disease.3 According to some studies,
dental implants placed in patients with a history of
periodontal disease have demonstrated survival rates
comparable to those for implants placed in patients
with no history of the disease.5–7

Peri-implantitis and its retrograde form are perio-
dontal infections associated with dental implants.
The disease consists of inflammation or infection of
the tissues that surround and support the implant.
Conventional peri-implantitis originates in the soft
tissue sulcus around the implant. In the retrograde
form of the disease, lesions develop in the periapical
region of the implant. Bacterial contamination is the
primary etiology of both infections; it may be caused
by plaque-induced inflammation8–10 or seeding from
extracted or adjacent endodontically infected
teeth.10–16 Retrograde peri-implantitis has also been
attributed to excessive heating of the bone during the
creation of the osteotomy site,14,17,18 residual bone
cavities created by the placement of implants that are
shorter than the prepared surgical sites,14,19 and
microfractures in the bone caused by overloading,
premature loading, or excessive lateral forces.10,14

As the disease progresses, the infection can
advance along the surface of the implant and cause
resorption of the hard tissue. If left untreated, peri-
implant infections can ultimately lead to implant
loss. Studies have shown that the bacteria associated
with peri-implantitis are similar to those that cause
periodontitis20,21 but destroy tissues around
implants much more rapidly than around natural
dentition.10 Some question whether implants with
hydroxyapatite (HA) coatings are more susceptible

to periodontal infection. To date, this concern has
not been validated by any controlled, prospective
clinical research. One prospective, 3-year multicen-
ter study of more than 2,900 HA-coated and non-
HA-coated implants found no clinical difference in
adverse periodontal responses between coated and
uncoated implants after 36 months of clinical fol-
low-up.22 The interval studied was too short to
allow researchers to come to a decisive conclusion
about HA-coated implants. Other research has
demonstrated that it is possible to detoxify both
grit-blasted and HA-coated implant surfaces when
peri-implantitis occurs.23,24 At the present time, it is
unknown whether textured implant surfaces may be
more vulnerable to infection than machined implant
surfaces in patients with past or present periodontal
disease.

The timing of implant placement after extraction
can vary according to the clinical circumstances of
the case. Immediate placement involves placing the
implant into a prepared socket immediately following
tooth extraction, whereas delayed placement allows
an interval for the extraction site to heal prior to
implant placement.25,26 Recent clinical studies have
reported that dental implants placed directly into the
prepared sockets of freshly extracted teeth5,7,27–31

achieved clinical results that were comparable to
those achieved by placing implants into available
mature bone32–36 (Table 1). Several studies have
reported the successful placement of dental implants
directly into the extraction sockets of patients with a
history of periodontal disease,37–39 but very little has
been reported on the long-term survival of these
implants.

The purpose of this investigation was to deter-
mine long-term survival rates of dental implants

Table 1 Comparison of Reported Implant Survival Rates in Fresh and Healed Extraction Sites

Implants

Maximum Extraction No. No. No. Survival
Study follow-up (y) site placed censored* removed rate (%)

Gomez-Roman and associates5 6 Fresh 124 13 4 97.00
Cosci and Cosci7 7 Fresh 423 0 2 99.53
Becker and associates27 8 Fresh 134 0 9 93.30
Tolman and Keller28 6 Fresh 303 10 2 99.30
Wagenberg and Ginsburg29 11 Fresh 1,081 0 54 95.00
Mensdorff-Pouilly and associates30 1 Fresh 93 8 7 91.80
Schwartz-Arad and Chaushu31 7 Fresh 95 0 9 94.70
De Leonardis and associates32 1 Healed 100 0 0 100.00
Schwartz-Arad and Dolev33 5 Healed 87 0 4 95.40
Lekholm and associates34 10 Healed 461 123 34 89.90
ten Bruggenkate and associates35 7 Healed 253 28 7 96.90
Ahlqvist and associates36 2 Healed 269 0 14 94.80

*Withdrawn or lost to follow-up.
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placed in a private periodontal practice and to ana-
lyze the effects of periodontal disease and immedi-
ate placement after tooth extraction on long-term
implant survival. 

MATERIALS AND METHODS

This study was a retrospective chart review of con-
secutive patients treated in a private periodontal
practice by a single clinician. Charts were analyzed
for all patients who had implants exposed and
loaded for at least 1 year. Investigators (excluding
the treating clinician) completed data collection
forms for each chart, and the information was
entered into a computer database (Microsoft Access;
Microsoft, Redmond, WA). A total of 149 dental
implants (Paragon; Zimmer Dental, Carlsbad, CA)
placed in 149 patients (Table 2) were entered into
the database. Data were recorded for patients who
received a single implant. Any patient who received
multiple implants was excluded from the study.
Periodontal disease was diagnosed if probing depths
were 5 mm or greater and associated with radi-
ographic signs of bone loss. Periodontal disease was
not diagnosed if a fractured tooth or endodontic
lesion could have been the cause of the bone loss.
Patients who exhibited 1 or more teeth with perio-
dontal disease, or who originally lost their teeth as a
result of periodontitis, were considered to have
periodontal disease, while those with no history or
current clinical manifestations of periodontal dis-
ease were considered healthy. 

Preoperative documentation was recorded for
each patient. A medical history was obtained, and
any necessary medical issues were resolved prior to
surgery. Patients with contraindicating diseases,
such as uncontrolled endocrine disorders, were
excluded from implant therapy. Patients with dia-
betes were treated with implant therapy only if their
physicians certified that their disease was under
control. All other patients who received implant
therapy were included in the study. Endodontic

therapy was performed prior to implant placement
if a periapical lesion was present in the region of the
future implant site. Periodontal treatment was per-
formed prior to or in conjunction with implant
placement. In all cases, signed informed patient
consent was obtained prior to treatment.

All implants were placed according to a conven-
tional 2-stage surgical procedure. Implants were
mainly screw type; a small percentage were a combi-
nation of screw and press-fit type. Implant length
ranged from 10 to 18 mm, and diameter ranged
from 3.3 to 6.0 mm. Numerous implants had HA
coatings; the remainder were pure titanium. Sutures
were generally removed at 1 week. Implants either
were placed immediately into extraction sockets
(immediate placement) or into available bone some-
time after extraction (delayed placement). In cases
where extraction was necessary, implants were not
immediately placed if acute infection was present.
For situations in which a large opening was present
as a result of extraction, a free gingival graft was
sutured over the opening. In cases where primary
closure was not achievable, small openings were left
to granulate in. The majority of implants were
exposed between 4 and 6 months after placement.
Healing collars were attached to the implants at that
time and remained in place until the tissues matured
and the patients returned to their restorative den-
tists for prosthetic restoration. Many different refer-
ring dentists performed the restorative procedures. 

Patients were instructed to return to the surgical
office for regular follow-up maintenance. At each
follow-up appointment, data were recorded on how
the implants were performing. Implant-related
problems were treated, and failed implants were
removed and recorded. Implants were considered
survivors if they continued to support a load-bear-
ing restoration and were free from irresolvable clin-
ical complaints (eg, peri-implant radiolucency,
chronic pain, implant mobility, progressive bone
loss). Implants that exhibited advanced bone loss,
acute infection, pain, or irresolvable discomfort
were removed. Problems with implants were

Table 2 Distribution of Failed and Censored Implants

Total No. of No. of %
Variable/group no. of cases failures censored censored

Periodontal disease
No 72 6 66 91.67
Yes 77 16 61 79.22

Time of placement
Immediate 100 15 85 85.00
Delayed 49 7 42 85.71



396 Volume 19, Number 3, 2004

EVIAN ET AL

recorded at each occurrence and, if lesions or prob-
lems were severe and the implants were removed,
those implants were listed as failures.  

Statistical Analysis
The effects of periodontal status and placement
time on implant survival were evaluated using Cox
proportional hazards regression and log-rank tests.

RESULTS

Of the 149 implants in the study, 22 failed during
the observation period. The 127 censored cases (ie,
implants that had not failed at the end of the obser-
vational period) were observed for a mean of 943
days (SD 932, range 35 to 4,030 days). Failed
implants were observed for a mean of 722 days (SD
1,026, range 18 to 3,548 days).

Table 2 shows the distribution of failures and
censored observations within the binary categories
defined for periodontal disease and time of place-
ment. The presence of periodontal disease appeared
to be associated with a greater failure rate, but there
was no observed effect associated with time of
placement (the percent of censored cases was nearly
identical for immediate and delayed placement).
Among the 77 implants associated with periodontal
disease, placement time was also not strongly asso-
ciated with percentage censored.  Forty-three of the
55 immediately placed implants (78.18%) and 18 of
the 22 implants (81.18%) whose placement was
delayed were censored. However, these apparent
effects on survival rates need to be addressed with
the following statistical techniques, which are
appropriate for censored observations.

The effects of periodontal status and time of
placement on survival time were evaluated using the
Cox proportional hazards model. While the likeli-
hood ratio test for the 2-predictor model was statis-
tically significant (P = .0241), only periodontal sta-
tus made a significant contribution to the model
(using Wald chi-square, P = .0122 for periodontal
status versus P � .5 for time of placement).

The log-rank test for equality of the distribution
of event times across groups was statistically signifi-
cant for periodontal status (P = .0213) but not for
time of placement (P � .5; Mantel-Cox) and con-
firmed the Cox proportional hazards regression
findings. The lower 1-sided 95% confidence limit
for median survival time was 3,548 days for patients
without periodontal disease and 1,799 days for
patients with disease.

DISCUSSION

Since the patients in this study were treated in a
periodontal office, the study population consisted of
a large group of patients with past or present perio-
dontal disease, as well as a large number of peri-
odontally healthy patients who sought solely
implant therapy. The presence or absence of perio-
dontal disease and immediate versus delayed
implant placement were the only variables studied.
The patients in the study were partially edentulous,
which increased the possibility of implant infection
from pathogens associated with the natural teeth in
the mouth. 

Some studies have reported survival rates for
dental implants placed in patients with a history of
periodontal disease comparable to survival rates for
implants placed in patients with no history of the
disease.5–7 One study evaluated only implants placed
in anterior positions5 while the other study was a
series of case reports describing factors affecting
immediate implant placement.7 The present study,
however, indicates a significant difference in long-
term survival between patients with periodontal dis-
ease and patients without it, regardless of whether
placement was immediate or delayed.

Since only the surgical phase of implant therapy
was conducted in the authors’ office, and the
patients were referred back to their dentists for
restoration, some of the patients did not return for
routine maintenance or annual follow-up and pre-
sented only when problems occurred. The influence
of the missing data cannot be known and could
affect the findings. However, the survival rate of
91.67% for the implants in the healthy group is
similar to implant survival rates in other studies
reported in the literature.40–42

HA coatings may be associated with greater sus-
ceptibility to periodontal infections. Short-term
data have indicated no difference between machined
implants and HA-coated implants.22,43 To date, this
concern has not been validated by any controlled,
long-term prospective clinical research. At the pres-
ent time, it is unknown whether textured implant
surfaces may be more vulnerable to infection than
machined implant surfaces in patients with past or
present periodontal disease. Numerous implants in
the present study had HA coatings and this factor
may have influenced the outcome, especially in the
periodontally diseased group. The remainder of the
implants were pure titanium with machined, etched,
or roughened surfaces. Analysis of these data by sur-
face properties will be the subject of a future study.
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Endodontic problems associated with teeth to be
extracted may affect the long-term survival of
implants immediately placed into the same sites.
Adjacent endodontically involved teeth have been
shown to involve implants with retrograde peri-
implantitis.14,44 Teeth with endodontic problems,
treated or untreated, may also influence long-term
survival in immediate-placement situations.

Numerous implants in this investigation were
placed at the same time as periodontal surgical pro-
cedures were being carried out. The influence of
this cotherapy on implant contamination during the
procedure has not been investigated but is a subject
for a future study. Primary closure over immediately
placed implants is another variable that could influ-
ence the outcome of the present study. Although
gingival grafts were placed over the socket if pri-
mary closure was not achieved, in numerous cases
the socket may have had exposure to the oral envi-
ronment during healing.45 Therefore, factors such
as soft tissue management46 and the previously dis-
cussed variables may have influenced this outcome. 

Based on the findings of this study, the investiga-
tors suggest that a history of periodontal disease
does not preclude placement of implants directly
into extraction sockets.

CONCLUSIONS

Past or present periodontal disease compromised
implant survival in this patient population. Immedi-
ate placement into extraction sockets in patients
with periodontal disease or a history thereof altered
the outcome. Present or past periodontal disease
appeared to increase the risk of implant failure. 
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