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ABSTRACT
Background: Clinical studies reporting immediate loading of endosseous implants for edentulous cases and for fixed partial
restorations have been well documented with satisfactory survival rates. Implants with a recently developed, nanometerscale surface topography (NanoTite®, BIOMET 3i, Palm Beach Gardens, FL, USA), created by discrete crystalline depositions (DCD) of calcium phosphate nano-crystals onto a dual acid-etched (DAE) surface, show enhanced early fixation in
preclinical studies when compared with DAE-surfaced implants. These outcomes suggest DCD-surfaced implants may be
advantageous for immediate loading approaches.
Objective: The aim of this prospective, multicenter, observational study is to report clinical outcomes for DCD-surfaced
implants placed in immediate functional support of single- and multi-unit restorations according to an immediate loading
protocol.
Materials and Methods: One hundred eighty-five patients enrolled at 15 international study centers received a total of 335
implants supporting 216 immediate provisionalizations consisting of 128 single-tooth restorations and 88 fixed restorations.
Of the 335 implants, 77% are located in posterior and 23% in anterior regions with 55.5% of the total in mandibles and 44.5%
in maxillae. Patients were evaluated for implant mobility, gingival health, symptomatology, and radiographic outcomes.
Results: At the time of this 1-year interim report, a total of 17 failures have been observed in 11 patients, yielding a
cumulative survival rate of 94.9%.
Conclusion: Relative to other prospective, multicenter studies of immediately loaded implants with various surface
enhancements, NanoTite implants perform comparatively well when immediately provisionalized with single-tooth and
fixed restorations.
KEY WORDS: dental implants, immediate loading, nanotopography, prospective study, provisionalization, single-tooth
restorations
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INTRODUCTION
When procedures for dental implant therapy were first
introduced, the timing of initial loading was a major
consideration. The original two-stage implant protocol
was intended to prevent micromotion during the
healing period that could interfere with wound healing
and lead to fibrous encapsulation and implant failure.
Concern for micromotion led to a convention to allow
two-stage implants to heal submerged for at least 4 to 6
months.1–3 Since then, animal and clinical studies have
shown that this unloaded healing time can be shortened.
Initially, it was shown that 2 months of healing may
not only be adequate,4,5 but also that in some cases,
implants with a machined or modified implant surface,
such as dual acid-etched (DAE), can be placed into function immediately after implant placement, without sacrificing implant integration performance.6–9
Encouraged by the ability of implants to successfully
integrate with abbreviated healing times, clinicians realized advantages and benefits from reducing the restorative timeline. Immediate provisionalization reduces
overall patient chair time and restores the patient to
function, avoiding the inconvenience of a removable
restorative appliance.
Initially, case selection for the immediate loading
approach was restricted based on the notion that
loading-induced stress and the risks of micromotion
needed to be minimized. Thus, the immediate loading
approach was primarily limited to edentulous mandibles and maxillae where splinting and cross-arch stabilization helped to stabilize the implants. The next step
was to apply immediate loading procedures to partially
edentulous cases having available cross-arch stabilization. Few studies have applied the immediate loading
approach to a broad sampling of patients with singletooth cases and partial edentulism without available
lateral or cross-arch stabilization.
In 2007, the NanoTite® surface (BIOMET 3i, Palm
Beach Gardens, FL, USA) was introduced, featuring a
nanotopography created by discrete crystalline deposition (DCD) of calcium phosphate (CaP) nanoparticles
added to the DAE Osseotite® surface (BIOMET 3i).
This new nanometer-scale surface enhancement shows
increases in early fixation outcomes compared with the
DAE surface controls in several animal models,10–12
as well as histomorphometric outcomes in human
studies.13,14

AIM
The aim of this prospective, multicenter study is to
document the clinical outcomes for DCD-surfaced
implants when used for immediate, functional loading
of fixed partial prostheses and single-tooth restorations
(STRs) in patients representative of those seen in a
typical implant practice.
MATERIALS AND METHODS
Study Design
This prospective, multicenter clinical study is a longitudinal analysis of the NanoTite implant system under
the conditions of immediate loading of fixed bridges
and STRs. Within a 6-month enrollment period, study
centers were obligated to enroll 15 qualified patients.
Fifteen study centers located in Australia, Belgium, Italy,
Germany, The Netherlands, Sweden, and the United
States participated. Specific treatment plans were based
on the need for each patient to incorporate implants
for support of prosthetic restorations including singletooth replacements or fixed partial bridges without
cross-arch stabilization. To qualify as an immediate provisionalization, prostheses were required to be inserted
within 48 hours of implant placement.
Patient Selection
Patients eligible for enrollment were of either sex, of any
race, greater than 18 years of age, and for whom a
decision had already been made to incorporate dental
implants for the treatment of partial edentulism. Exclusion criteria were limited to patients exhibiting active
infection or severe inflammation in the areas intended
for implant placement, uncontrolled diabetes or metabolic bone disease, pregnancy at the time of screening,
therapeutic radiation to the head, and evidence of severe
parafunctional habits. Patients in need of bone grafting
at the site of the intended study implant were not candidates for this study. There were, however, no restrictions on bone quality or quantity at the sites intended
for implant placement. A healing period of at least 4
months was required after tooth extraction. Between
March and December 2006, a total of 185 patients met
admission criteria and were consecutively enrolled. The
mean patient age was 51.5 years (range of 18 to 83 years)
and the gender distribution is 56% females and 44%
males. The total number of immediately provisionalized
implants was 335, which were placed in support of 216
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cases consisting of 128 STRs (59.3%) and 88 multipleunit fixed prostheses (40.7%)
Study Implants
All implants used in the study are the Certain® Prevail®
implant system having a titanium-alloy threaded-body
design with an internal connection feature. Implants
were supplied in lengths of 8.5, 10, 11.5, and 13 mm and
diameters of 4 and 5 mm. At the coronal portion, the
implant diameter expands, creating a collar that is 1 mm
greater than the body of the implant. The implant
seating surface is medialized by 0.35 mm, providing an
integrated platform-switch function. The Osseotite DAE
surface is present from the apex to the top of the collar.
The DAE surface is further treated with application of
DCD of nanometer-scale CaP particles in order to
achieve the NanoTite surface. These nanocrystals range
in length from 20 to 100 nm and are present on all areas
that have the acid-etched treatment.
Surgical Procedures
Osteotomy preparations were to be performed with low
speed high-torque drill units using irrigation. A countersink drill specific for the expanded collar was to be
used to prepare the cortical bone and enhance initial
primary stability. A final peak torque at implant placement was to be recorded by setting the drill unit initial
torque limit at 15 Ncm and increasing the limit in
10 Ncm increments until either the implant was seated
or the drill unit’s peak torque was reached. Use of an
implant ratchet was to be recorded. The extent of initial
implant fixation was recorded as tight, firm or loose, and
bone density recorded as soft, normal, or dense. In the
event that the implant did not achieve primary fixation
or was placed with less than 15 Ncm peak torque, the
investigators were given an option to delay loading and
exclude the case from efficacy analysis.
Prosthetic Procedures
Investigators agreed to standardize the procedures for
constructing and inserting the provisional prostheses.
Three basic restorative methods are reported as “pre-,”
“peri-,” and “post-surgical” approach. For the presurgical approach, an indirect impression is taken with
construction of a prosthesis that is relined and cemented
onto the abutments at the time of the implant placement
surgery. The peri-surgical approach refers to the complete fabrication and insertion of a prosthesis chairside
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at the time of the implant placement surgery, and postsurgical refers to the approach where a direct (implantor abutment-level) impression is taken and sent to a
laboratory for preparation of the prosthesis that is
inserted after surgery. Abutment selection was also at the
discretion of the investigators and restorations could
be either screw or cement-retained, and the specific
cement product was to be recorded. Prostheses with cantilever units were prohibited and only one internal
pontic was allowed for four or greater unit prostheses.
Investigators had the option to place restorations in
contact with opposing occlusion or to be left out of
occlusion. Occlusal contact cases were to be documented
as having registered centric contact points when using
20-micron articulating paper (Accu Film II, Parkell,
Farmingdale, NY, USA) but with no holding resistance
when using 8-micron Shim Stock (Hanel, Germany).
Follow-Up Evaluation Schedule
Evaluations were scheduled at the permanent prosthesis
installation appointment 6 months following implant
placement and at annual intervals for 5 years. At these
intervals, patients return for assessment of both implant
and prosthesis function and a standardized evaluation of
his/her oral health. Standardized periapical radiographs
are taken and examined to identify peri-implant radiolucencies and crestal bone levels.
Evaluation Criteria
Data from implant placement surgery through 12month observation on all cases are included in this
report. Implant survival is based on the absence of persistent signs and symptoms of infection, pain, paresthesia, inflammation, and implant mobility as assessed at
the time of impression taking. Outcomes of the permanent prosthesis fabrication and installation, a detailed
analysis of crestal bone data, and long-term implant and
prosthesis performance will be included in a subsequent
report.
RESULTS
Fifteen study centers located in Australia, Belgium, Italy,
Germany, The Netherlands, Sweden, and the United
States enrolled 185 patients between March and December 2006. Among these patients, 335 implants were
placed supporting 216 prosthetic cases, including 128
STRs (59.3%) and 88 multiple-unit partial fixed
prostheses (40.7%). Mean patient age at the time of
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TABLE 1 Distribution of Implants by Length
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TABLE 2 Percent of total implants by locations in
the four quadrants of the jaws

Maxilla
Mandible
Total

Anterior

Posterior

Total

18.7
4.7
23.4

26.2
50.4
76.6

44.9
55.1

8

Percent

enrollment was 51.5 years with a range of 18 to 83 years
and a gender distribution of 56% females and 44%
males. Fourteen patients (8%) reported smoking with
an average daily habit of 12.5 cigarettes which is greater
than the exclusion criterion of 10 as patients confessed a
higher smoking habit after receiving study implants. Six
patients have yet to return for permanent restorations
and an additional five patients are overdue for their
12-month follow-up visit. Their implants are censored
in the analysis as lost-to-follow-up, but upon their
return to clinics they will be included in subsequent life
table analyses.
The implant/prosthesis ratio for the 88 multi-unit
cases is 2.33. The distribution of multi-unit prostheses
is as follows: two-unit 50%, three-unit 39%, four-unit
8%, and >4 units 3%. The distribution of implants by
dimension is presented in Table 1 showing a nearly even
proportion of implants among the 10, 11.5, and 13 mm
lengths. The majority of implants placed were 4 mm in
diameter (80.8%), with the remaining having a diameter
of 5 mm. Table 2 shows the distribution of implants by
region, with a majority placed in the posterior mandible
(50.7%). The distribution of all implants by tooth site
location in both the maxilla and mandible is illustrated
in Figure 1. According to the clinicians’ tactile assessment of bone density during osteotomy preparation,
20.5% of the implants were placed in bone identified as
soft, 56.5% in bone identified as medium or “normal,”
and 23.0% in dense bone. During placement, 59.9% of
the implants were observed as having a tight fit, 35.5% as
a firm fit, and 4.9% as a loose fit. There were six cases
involving seven implants where the investigator decided
they did not reach a level of initial stability at implant

Maxillary Sites
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Figure 1 Distribution of implants by percentages according to
tooth site numbers in the maxilla and mandible.

placement surgery to allow immediate provisionalization. The investigators elected to exclude these cases and
postpone the restorative procedures.
For the immediate restorative approaches, 54% of
investigators reported their procedures as being presurgical, 30% as peri-surgical, and 16% as post-surgical
having a laboratory fabricate the temporary prosthesis
for delivery within the 48-hour deadline. The majority
of abutments used for prostheses were PreFormance®
(BIOMET 3i) components (Table 3A) which accounts
for why most abutment preparations were performed
chairside (72%). The next most frequently reported
abutments were healing abutments (30%) as these were
placed in cases that had prosthesis insertion later in the
day. Some investigators placed abutments that were to
be used for the permanent restoration (22%).
More than 40% of temporary crowns and prostheses were constructed from acrylic resin and 45% were
bis-acryl resin fabricated with either Luxatemp® (DMG,
Hamburg, Germany) or Protemp™ (3M ESPE, St. Paul,
MN, USA), and prefabricated crown shells. Fifty-five
percent of prosthetic cases were referred to outside
dental laboratories for fabrication procedures, with the
remaining 45% fabricated at “in-office” laboratories.
Regarding single-tooth and fixed-prosthesis attachment,
80% of all cases had cement-retention and of these 56%
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TABLE 3A Distribution of types of abutments (BIOMET 3i) used for temporary prostheses
PreFormance®

Percent

Post

Cylinder

GingiHue®

Provide®

Ti-Healing
Cylinder

Not
Specified

25.9

16.7

17.7

1.4

27.0

11.3

TABLE 3B Distribution of types of cement used for temporary restorations
Temporary Cements
Tempbond

Type
Percent
Percent
1
2

®1

With eugenol
45.8

Tempbond-NE

®1

Without eugenol
2.3
56

Permanent Cements
2

Not Specified

Ketac™ Cem

7.9

Composite resin
18.1

RelyX™2

Durelon®2

Not Specified

Glass ionomer
7.0
44

Carboxylate
13.5

5.4

Kerr, Orange, CA, USA.
3M ESPE, St Paul, MN, USA.

used “temporary” cement products with Tempbond®
(Kerr, Orange, CA, USA) used most frequently
(Table 3B). Those using “permanent” cement included
polycarboxylate and glass ionomer cements. All
provisionalizations were placed within the specified
immediate-loading time limit; 85% were placed on the
same (first) day, 8% on the second day (within 24
hours), and 7% on the third day between 24 and 48
hours of implant placement. Of the temporary restorative cases, 14% registered centric contact points on
Accu Film II and constitute the immediate occlusalloading cases in this project.
At the time of this 1-year interim report, 17
implants in 11 patients have been declared failures for
an overall implant cumulative survival rate (CSR) of
94.9%. All but two of the failed implants were associated
with signs of infection or persistent signs of either
paresthesia or radiolucency. Regarding the timing of
implant failure, 82% of all implant failures were declared
within the first 3 months after implant placement
and loading procedures. There was a two-implant case
declared a failure 3 months after the permanent prosthesis was attached, 9.2 months after implant placement
surgery.
DISCUSSION
Immediate loading protocols were first described for
edentulous mandibles using a rigid fixed bar with crossarch stabilization and a minimum of four implants.
Because of concerns for bone loading trauma and failure

to integrate, cases were selected with consideration of
the following: using a surgical technique based on
achieving primary fixation; placing the largest possible
number of implants; determining implant dimensions
to fit available quantity of bone; selecting implants with
proven designs and surface textures; and adjusting the
direction of occlusal forces and contact intensity.15–17
With the growing recognition that immediate loading
was a viable treatment option, case selection became less
restrictive and included partially edentulous cases. Initially, restorative approaches for fixed bridges emphasized the value of cross-arch stabilization and absence of
direct occlusal contacts.18 Other considerations included
the amount of insertion torque, its impact on primary
stability,19 and biomechanical loads, both of which were
perceived to contribute to implant failure.20 In the literature, multiple studies following immediately loaded
DAE-surfaced implants for both fully21–28 and partially29
edentulous cases have been reported. Yet these and most
other studies have protocols with specific criteria for
selection of patients and cases unlike the study reported
here. This prospective, multicenter study is distinctive
because of a study design that intentionally includes
unrestrictive admission criteria, single-tooth and unilateral restorations allowing direct occlusal contacts, and
an implant featuring a newly developed nanometerscale surface texture.
The immediate loading requirement for the present
study is 48 hours and most (85%) cases were completed
on the first day. This large same-day proportion of cases
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most likely reflects the restorative approaches selected
by the investigators and those who chose PreFormance
abutments (40% of implants) and prepared them chairside. It is noteworthy that 53% of NanoTite implants
were restored with a pre-surgical approach and that
in-house labs were available for nearly half of all procedures. Investigators who selected abutments intended
for permanent prostheses avoided the need for removal
and reconnection thought to promote increased regressive crestal bone remodeling.30 These are all advantages
and may facilitate procedural success.
Although the occlusion on most of the provisional
prostheses lacked direct occlusal contacts, forces generated during mastication, during movements of surrounding soft tissues and the musculature of the tongue,
and through vibrations generated during speech serve to
deliver functional loads on prostheses.31,32 In this way, an
immediately provisionalized implant is also an immediately loaded implant.
Provisionalized implants might be expected to be
more frequently located in the anterior maxilla where
patients often have concerns regarding their appearance,
especially after loss of a single tooth.33 Patients also do
not want to be inconvenienced wearing a removable
restorative “flipper” appliance during a submerged
implant healing period.34 In the present study, 19% of
implants were placed in the anterior maxilla, and with
only one implant failure, the CSR for the esthetic zone is
98.5%.
The protocol for the current study allows implantsupported STRs as a treatment option. Single-tooth

implants may be at an increased risk for failure because
they are subjected to a greater range of masticatory
forces because of lack of lateral support and/or crossarch stabilization. The large proportion of STR cases in
this study (60%) was unanticipated. With seven failures
out of a total of 128 STR implants, the CSR for these
cases is 94.5%. A comprehensive MEDLINE search
was done to find existing prospective studies in peerreviewed journals that report integration performance
of immediately loaded implants supporting STRs for
comparison to the present study. The search resulted in
over 380 citations and after reviews of relevant abstracts,
and full-text articles, a total of 12 qualified publications
were identified.19,34–44 The authors of the earliest article,
published in 1998,35 report a case series of 10 STRs at 6
months and because no implants failed, they suggest
that the immediate loading approach for STRs may be a
feasible option. The subsequent 11 studies, of which five
are prospective, were published between 2000 and 2006,
and are summarized in Table 4. The data show that
the number of immediately loaded STRs placed in the
present study exceeds the number of STRs placed in
each of the 11 clinical studies and that the CSR falls
within the range of the studies (78.2–100%).
Groisman and colleagues,37 with the largest number
of cases, 92, conclude that there is a need for more
long-term, prospective, multicenter studies to fully
address the safety of immediately loading STRs and
Ottoni and colleagues19 suggest that functional forces
can lead to STR failures and may have accounted for
their 10 failures out of 46 implants placed. A recent

TABLE 4 Selected publications on clinical studies reporting performance of immediately-loaded implants
supporting single-tooth restorations (STR)
Study Type

Number of STRs

Primary Location

Follow-Up
(Months)

Failures

CSR (%)

Case Series
Prospective
Case Series
Case Series
Prospective
Prospective
Prospective
Prospective
Retrospective
Case Series
Case Series

14
13
8
12
92
35
30
20
46
33
18

Anterior maxilla
Anterior maxilla
Maxilla
Anterior maxilla
Anterior maxilla
Anterior maxilla
Posterior mandible
Posterior mandible and maxilla
Anterior maxilla and mandible
Anterior maxilla
Not Specified

5
1–15
60
12
24
12
12
12
24
48
12

2
0
0
0
6
0
1
1
10
1
1

85.7
100
100
100
93.5
100
96.7
95.0
78.2
97.0
94.4

Publication

Ericsson et al. 200040
Hui et al. 200136
Andersen et al. 200241
Lorenzoni et al. 200342
Groisman et al. 200337
Kan et al. 200334
Cornelini et al. 200438
Abboud et al. 200539
Ottoni et al. 200519
Ferrara et al. 200643
Barone et al. 200644

CSR = cumulative survival rate.
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consensus conference recommended that further prospective clinical trials with large patient numbers are
“urgently needed to provide definitive data” on the effectiveness of immediate loading of STRs.45 With relatively
few articles found in the MEDLINE search conducted
here, we report for comparison this 1-year interim
evaluation because of the high proportion of STRs.
Preclinical observations indicating that the NanoTite surface may have a significant effect on primary
fixation soon after implant placement laid the foundation for initiating this clinical study. In one biomechanical study, DCD-surfaced implants placed in rabbit tibiae
required pull-out forces 189% greater to detach from
bone in comparison with DAE-surfaced implants after 2
weeks of healing.10 Nishimura and colleagues12 also
demonstrate the early fixation properties of the DCD
surface in a rat model measuring a 76% increase in
mechanical withstanding loads in comparison with the
DAE surface. These results suggest that DCD effects
occur during the time when de novo bone formation is
most susceptible to micromotion and other forces that
may impede osseous fixation mechanisms prior to mineralization of the bone matrix. Human histomorphometric outcomes for NanoTite implants placed in
posterior maxillae demonstrate significantly greater
bone-implant-contact at 4 weeks in comparison with
DAE-surfaced implants (>194%).13
The first published study reporting clinical outcomes for immediately loaded NanoTite implants is a
prospective 1-year evaluation.46 Thirty-five patients
enrolled at one study center received 102 NanoTite Prevail® (BIOMET 3i) implants placed according to a protocol aimed at achieving high primary fixation requiring
an insertion torque of at least 25 Ncm and an implant
stability quotient above 55. During the first year of function, one implant failed resulting in a CSR of 99.2% and
crestal bone loss was reported to be 0.37 mm (SD 0.39).
These preclinical and clinical outcomes suggest that the
DCD surface effects occur early and may have had a
positive influence on the clinical outcomes for the
immediate loading cases presented here.
CONCLUSION
The 1-year interim results from this prospective, multicenter study suggest that immediately loaded implants
with the NanoTite surface perform comparatively well
to immediately loaded implants with other surface textures in studies using stricter inclusion criteria.
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