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The treatment of patients with prostheses sup-
ported by endosseous dental implants has

become a routine restorative option. Acceptance of
this procedure depends upon predictable implant
survival, prosthesis retrievability, and conservation
of natural tooth structure.1–6 Predictable survival
of endosseous dental implants depends upon fac-
tors such as bone quality and quantity, location in
the arch, and immediate stabilization of the

implant at time of surgical placement.7–9 Clinically,
some situations may deviate from the ideal in that
the patient’s bone volume or contour is insufficient
to provide adequate support for the implant.

Inadequate bone volume may be addressed by
using implant site preparation procedures prior to
or at the time of implant placement to provide a
more favorable outcome. Bone grafting may be
accomplished through the use of autogenous
grafts,10,11 allografts,12 or alloplastic13 grafting
material. Guided bone regeneration (GBR) has
also been described.14 This procedure incorporates
a barrier membrane to create space for new bone
formation while restricting the ingrowth of the
epithelium. Procedures may be accomplished in
one surgical phase, in which the implants and graft
are placed simultaneously, or in two surgical
phases, in which the graft is placed and allowed to
heal before implants are placed.

The purpose of this study was to characterize
the frequency of implant sites in need of prepara-
tion procedures that were employed in conjunction
with implant placement in partially edentulous
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Bone resorptive patterns may prevent the ideal placement of endosseous implants. Numerous tech-
niques have been described to create a more favorable surgical site for implant placement. This retro-
spective review was conducted to determine the frequency of need for implant site preparation in an
outpatient clinical setting. In addition, different techniques of surgical site preparation were evaluated
to determine their frequency of use and surgical outcome. A history review was conducted of all con-
secutively treated partially edentulous patients between January 1993 and December 1997. This review
evaluated the number of implants placed, the age and gender of the patient, the type of graft used, and
the status of the implant.
In all, 542 patients were seen in this time interval, with a total of 1,313 implants placed. Implant site
preparation was needed in 4.4% of the patients, with the requirement for grafts occurring more fre-
quently in the maxilla. Implant site preparation is a relatively infrequent requirement in the general
population. Grafts are required more frequently in the maxilla than in the mandible. Complications fol-
lowing grafting were relatively infrequent and were not severe.
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patients. The secondary purpose was to describe
the outcome of these implants as compared to
implants that did not receive grafting procedures.
This information was gathered through a retro-
spective review of consecutively treated patients
over a 5-year period.

Methods

A retrospective history review of patients receiving
endosseous implants was conducted. Records from
the implant registry at the Mayo Clinic in
Rochester, Minnesota, demonstrate consecutively
placed dental implants. Dental records of patients
who received implants from January 1993 through
December 1997 were reviewed to gather pertinent
information regarding the number and location of
implants, adjunctive surgical procedures, and sur-
gical treatment outcomes. The implant patients
included in this report were seen initially by
prosthodontists and then referred for implant
placement. Patients who self-referred to a particu-
lar surgical area and patients who refused to sign
an authorization for release of information were
excluded from this study.

Anatomic location was classified according to
implant position in the anterior mandible, anterior
maxilla, posterior mandible, or posterior maxilla.
Surgical complications were recorded from the
time of surgery and up to 6 months following the
start of the prosthetic phase of treatment. These
complications were divided into 3 categories: non-
recoverable (nonintegrated or removed implant),
recoverable with intervention (secondary prescrip-
tion for antibiotics or secondary surgical proce-
dure), and recoverable without intervention (treat-
ment by observation only). Hard tissue
augmentation procedures were classified as auto-
genous grafts from a local donor site (oral cavity),
autogenous graft from a distant site (nonoral cav-
ity, eg, iliac crest), or nonautogenous graft (allo-
plastic, allografts, or heterografts).

Information was gathered for every registered
implant patient who met the study inclusion crite-

ria listed previously and for every implant placed
in these patients during the study period. Data
were collected and analyzed statistically to detect
differences in implant survival and graft type.

Statistical Analysis. Graft frequencies were com-
pared using chi-square tests. Complication rates
were estimated using Kaplan-Meier curves and
compared using Cox proportional hazard models.
Possible dependence related to having multiple
implants per subject was accounted for by using
the robust standard error method of Wei et al.15

Results

A total of 542 partially edentulous patients pre-
sented for dental implant treatment during the
period from January 1993 through December
1997. These patients received a total of 1,313
implants. Grafting procedures were performed in
58 (4.4%) of the implant sites. The distribution of
grafts according to type was as follows: autoge-
nous local 14 sites (25%), autogenous distant 25
sites (43%), and nonautogenous 19 sites (33%).
Differences in terms of frequency by graft type
were not significant (P > .05).

Graft type by anatomic location is shown in
Table 1. The majority of autogenous local and
nonautogenous grafts were performed in the ante-
rior maxilla, while the majority of autogenous dis-
tant grafts were performed in the posterior maxilla
(Fig 1). Maxillary areas were grafted more fre-
quently than mandibular areas (Fig 2). This differ-
ence was statistically significant (P < .001).

Complications associated with grafts were
minor in all categories (Table 2). Nonrecoverable
complications (implant loss) occurred in the auto-
genous distant and nonautogenous groups, 8%
and 5.5%, respectively, while nonrecoverable com-
plications were not observed in the autogenous
local group. The complications seen in the autoge-
nous local group responded to conservative treat-
ment. These complications accounted for 7% of
the group total. Implants that were not associated
with grafts had a complication rate of 3.1%, of

Table 1 Frequency of Grafting Procedures by Anatomic Area
(Percentage by Category)

Anterior Anterior Posterior Posterior
Graft type mandible maxilla mandible maxilla

Autogenous local 0 67 6 27
Autogenous distant 8 4 0 88
Nonautogenous 0 66 17 17
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Fig 2 Location (by arch) and type of grafts, expressed in percentages.
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Fig 1 Placement (anterior or posterior) and type of grafts, expressed in percent-
ages.

Table 2 Description of Surgical Complications with Grafted Sites

Type of Time to
complication Location Number Graft type complication

Nonrecoverable Posterior maxilla 3 Nonautogenous (1), 2 months (1),
autogenous distant (2) 6 months (2)

Recoverable with Posterior maxilla 1 Autogenous local 1 week
intervention

Recoverable without — 0 — —
intervention
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which 2.3% were nonrecoverable, 0.6% were
recoverable with intervention, and 0.2% were
recoverable without intervention. Differences in
complication rates were not significant (P > .05).

Discussion

This retrospective review evaluated the frequency
of implant placement with and without bone
grafting procedures. Although grafting is often
discussed in treatment planning, this study shows
that it was not performed with great frequency in
this patient population. When grafting procedures
were used, they were associated with relatively
few complications and relatively high implant sur-
vival rates.

The low percentage of implants that were asso-
ciated with grafting procedures may indicate that
the majority of patients had adequate bone volume
or that alternative prosthodontic treatments were
chosen when the bone volume was inadequate.
This conservative treatment approach may be a
factor in the overall high success rate of the dental
implants seen in this review. It is hypothesized that
less stringent patient selection procedures may
result in decreased overall success, but this factor
was not studied in this patient series.

The majority of autogenous distant grafts were
placed in the posterior maxilla. This may indicate
the presence of larger edentulous areas that
required increased graft volume to accommodate
the number of implants required for fulfillment of
the prosthetic treatment plan. In other anatomic
areas, such as an interdental edentulous area in
the anterior maxilla, a smaller volume of bone
was required, making autogenous local or nonau-
togenous grafts the favored choices. A signifi-
cantly higher percentage of grafts was placed 
in the anterior maxilla; this situation may reflect a
demand for ideal bony architecture in the
“esthetic zone.”

As in any retrospective study, this study shows
only associations and not causality. There are
many confounding variables, including the effect
of size of the defects and size of the grafts, as well
as any effect the implant itself played in complica-
tions. Surgical complications can also occur from
improper surgical technique irrespective of the
type of graft used.

Conclusions

The results of this study should be considered as
an incidence review of grafting need. Although the
results are primarily descriptive, it is interesting to
note that there was a significant difference (P <
.001) in the need for grafts in the maxilla versus
the mandible.
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