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1. The emotionally compromised child
2. The shy introverted child
3. The frightened child
4. The child adverse to authority
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This article reports the five-year interim
results of an independently-monitored, prospective,
multi-center clinical trial of a bone quality-based
implant design. At six study centers, 495 implants
were placed in 151 cases with an average follow-
up period of 2.6 years following prosthesis
delivery. The majority of the implants placed were
D2 or D3 implants to support fixed partial dentures
or implant-supported overdentures. There were
three implant failures, resulting in a cumulative
99.5% success rate according to Kaplan-Meier Life
Table Analysis. Radiographic analysis revealed a
mean bone loss of 0.06 mm and a bone gain of
0.04 mm at one and two-year evaluation intervals,
respectively, after prosthesis loading. There were
no statistical differences in the results by center,
implant type, bone density, area of the mouth or
prosthesis type. The results of this four year study
revealed a high success rate and limited bone loss

in all areas of the mouth, independent of bone

quality.

Dental implants are one of the most successful
and predictable treatments in the field of dentistry.
A number of clinical investigations have been
published in the past two decades comparing
different implant systems, type of prosthetic
restorations, area of placement and other
variables.?" Unfortunately, comparison between

studies is difficult due to the wide variation in

protocols. The majority of published studies also
do not follow scientific clinical design criteria
such as the need for an adequate sample size for
statistical power, prospective trial design, a
number of study centers and well defined success
criteria.' Due to the potential for investigator bias,
the clinical study should be independently
monitored such that evaluation of success criteria,
including implant survival and bone loss, is free
from prejudice.

It is well known that a machined surface,
threaded implant will result in bone loss at least to
the first thread and high failure rates in poor
quality bone.'*!:15192325 Ag a result, implant
manufacturers within the last decade have utilized
various surface treatments and coatings in an effort
to improve success rates and reduce bone
loss.**>1"2 The base implant design, however, has
remained virtually the same as when the
revolutionary concept of osseointegration was
introduced over 30 years ago.

Crestal bone loss has been a consistent finding
associated with endosteal dental implants.'? While
the etiology of such bone loss is a subject of
significant academic debate, the clinical
ramifications of crestal bone resorption are
clear." Such localized bone resorption can lead to
a compromise in the patient's oral health due to
soft tissue pocket depths, which cannot be properly
cleaned. Peri-implantitis often develops, which
causes more crestal bone loss due to the immune
response of the host. An insidious cycle of bone

loss can develop and progress to complete implant
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failure.”

One of the first attempts at quantification of
crestal bone loss surrounding root form dental
implants was reported by Albreksson et al. ' The
success criteria cited by Albreksson and colleagues
is frequently referred to as the standard for crestal
bone loss less than 1 mm of bone loss in the first
year of function and less than 0.2 mm additional
bone loss annually thereafter. This standard,
however, does not reflect vertical bone loss as
measured from the crest of the bone. Rather, bone
resorption was reported with respect to the first
thread of the Branemark® implant (Nobel BioCare,
Yorba Linda, CA) which had been surgically
countersunk to the top of the cover screw
according to the standardized surgical protocol.
Thus, the authors referred to their data as marginal
bone loss; the actual crestal bone loss was greater
than 3 mm. Moreover, the authors reported
marginal bone loss utilizing Stage II uncovery as
the baseline. Bone loss during the healing period
was not reported and no attempt was made to
evaluate the influence of bone quality or surgical
technique on clinical outcome.

More recent investigations, however, have
sought to extend the understanding of crestal bone
resorption surrounding endosteal dental implants
with additional study variables such as location of
placement, length of polished collar, and implant
surface condition.*"* Jung et al.* found that bone
loss in the first 12 months of loading corresponded
with the length of the polished collar of various
implant designs. Pham et al.® found that
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significantly more crestal bone loss was noted
prior to functional loading than after the prosthesis
was connected in a one stage implant system.

In order to address the issues of bone loss and
inferior success rates in poor quality bone, a bone
quality-based implant system (the Maestro
System™, BioHorizons, Birmingham, AL) was
introduced in 1997. The present article reports the
five year interim evaluation from an ongoing
prospective, multi-center study designed to

evaluate the clinical performance of the Maestro

System™ in all bone qualities.

Clinical Study

A prospective, multi-center, independently-
monitored clinical trial was initiated in March,
1997 at six different clinical centers to evaluate the
clinical success of a bone density-based dental
implant system. Specifically, the effect of
variables such as implant design and bone density
(quality) on dental implant health were evaluated
according to the Misch Quality Scale (Table 1) and
overall implant survival. This report summarizes
clinical success and bone loss for cases with at

least one year follow-up after prosthesis loading.

Study Population and Treatment Plan
Patients for the study were recruited from six
different clinical centers. They were selected by
the implant team at each center and evaluated
based on medical and dental histories. Each patient

signed an informed consent prior to the study and



was advised of the need’ to attend follow-up visits

over a five-year period. Disqualifying factors for

the study included severe hypertension,
uncontrolled diabetes, symptomatic thyroid
disorder, pregnancy, etc. An allograft or autograft
with inadequate healing, untreated periodontitis
and inadequate oral hygiene were contraindications
when present at the time of surgery.

The evaluation and treatment plan, provided in
Table 2, summarizes the evaluations for each visit.
The schedule does not preclude the addition of
other visits that would be normal for patient care
or minor modifications in the content or

scheduling of visits.

Implant Design

The bone density-based implant system was
specifically designed to improve implant
performance in poor quality bone and to reduce the
incidence of crestal bone resorption in all bone
densities (Figure 1). The geometric features of this
implant system resulted from design optimization
techniques that address the varying biomechanical
requirements of the four different bone densities of
the mandible and maxilla. The resulting system
encompasses a total of fourteen different implants
in three different diameters (3.5 mm, 4.0 mm, and
5.0 mm). The implants are sized according to the
external architecture of bone (e.g. volume of
available bone) and the internal architecture of
bone (e.g. bone quality)."

Because bone is strongest in compression and

65 percent weaker in shear, a square thread shape

is utilized in the design. The inferior surface of the
square thread is almost perpendicular to
occlusally-directed forces resulting in 10 times less
shearing force than with a conventional v-shaped
thread (Figure 2).

The pitch (distance between threads) of the
implants varies in order to increase the functional
surface area available for bony integration and to
account for clinical factors such as ecase of
insertion. The D | features a course thread pitch to
allow for implant placement with fewer rotations.
In contrast, the finer pitch of the D4 implants
provides for approximately 2.5 to 4 times the
surface area of conventional threaded dental
implants of the same diameter and length.

The D 1 and D2 implants employ a roughened
surface, while a titanium plasma spray coating is
used on the D3 implant surface. A bioactive HA-
coating is utilized on the D4 implant in order to
induce more rapid osseous adaptation in poor

quality bone,

BEiData Collection and Analysis |

Intraoral radiographs were taken at the time of
pre-surgical assessment, stage I surgery, stage II
surgery, prosthesis insertion, six months following
prosthesis insertion, one year following prosthesis
insertion and yearly thereafter. Crestal bone
remodeling was evaluated by an independent
observer (Pacific Materials and Interfaces, San
Diego, CA) by scanning each radiograph at a
minimum of 600 dpi into a computer system

designed to measure bone gain or loss within 0.1
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mm using a magnified image. The effects of any
misalignment of the film plane relative to the
implant axis on apparent crestal bone position were
accounted for by using the known thread pitch of
the implant to calibrate the measurements for each
implant. Three measurements were made for each
implant on the mesial aspect and three on the distal
aspect. These measurements were averaged. The
junction between the implant and the abutment was
used as a reference point to measure crestal bone
changes. The difference between mean bone level
measurements at Stage [ surgery, Stage II surgery
and at subsequent follow-up visits was calculated
and analyzed statistically.

The success or failure of the implant was
assessed by the clinician based on the presence of
persistent and irreversible pain or infection,
continuous peri-implant radiolucency, loss of bone
support over more than one-half of the length of
the implant, or uncontrolled exudate. ymplant
success was categorized as Group [ (optimum
health) to Group V (absolute failure) using the
levels of success proposed by Misch (Tablel).

Each center was subjected to an initial audit
by the independent study monitor (PaxMed, San
Diego, CA) as well as annual audits after the
initiation of the study. All data, including
radiographic, was reviewed and analyzed by the
independent monitor to eliminate potential bias
from the study. For purposes of this report, only
cases that were a minimum of one year past
prosthesis delivery (PD) were included in the data

analysis.

48

Cumulative implant survival was assessed
using Kaplan-Meier Life Table Analysis.
Comparison be:t-ween groups was evaluated in a
pair-wise manner using the log rank test, which
weights all implants equally. This is a non-
parametric test based on the expected values of the
order statistics taken from an exponential

distribution.

A total of 495 implants were placed in a 151
cases at the six clinical centers with a follow-up
period ranging from one to 4.6 years after
prosthesis delivery (PD). The average follow-up
period was 2.6 years.

Table 3 summaries the number of cases by
implant type and by type of prosthesis There were
37 single tooth replacements, 62 fixed partial
denture cases, one fixed full denture, ten implant
and soft tissue-supported overdenture cases and 41
implant-supported overdenture cases. The majority
of implants placed were D2 and D3 implants.
Nineteen ;ﬁercent of the implants were placed in
poor quality D4 bone. The majority of the cases
consisted of implants placed in the anterior and
posterior mandible (Table 4).

Of the 691 implants placed before November
28, 2001, nine have not been uncovered since
Stage I Surgery and, therefore, cannot be included
in the survival analysis, five were removed from
the study for protocol deviations unrelated to the
implant (e.g., decisions at the time of restoration to

splint to natural teeth or non-BioHorizons



implants) and two were not used in a restoration

for reasons unrelated to the implant, leaving 675
implants available for survival analysis. Of these,
156 have not met the one-year post-restoration
follow-up requirement, 21 were lost to follow-up
before one year and are treated as censored data
and three failed at or before one year. The
remaining 495 have been seen for one-year post-
restoration follow-up visits. To date, no additional
failures have occurred at longer follow-up times.
331 implants have been followed for as long as
two years after prosthesis placement, 192 for three
years and 28 for four years.

There were three implant failures out of the
495 implants followed in this reporting period. The
first failed implant was removed prior to Stage II
surgery; however, the remaining four implants
continue to support the prosthesis. A buccal
fenestration was reported at the time the second
failed implant was placed. The fenestration was
grafted; however, the implant was removed due to
progressive bone loss approximately two years
after implant placement. The remaining implant
was classified as a failure since it had lost more
than 50% of bone, even though the implant has not
been removed.

Kaplan-Meier Life Table Analysis revealed a
cumulative survival rate of 99.47%, with a
standard error of 0.3% at 24 months and beyond
(Figure 3). There were no significant differences in
cumulative survival between centers, prosthesis
designs, areas of the mouth, implant type, bone

density or whether or not the implant had been

placed in a previously grafted site.

At the one year evaluation interval, there were
451 implants (94%) with a Misch Quality Scale of
I, 18 implants (3.5%) with a Misch Quality Scale
of IT and 12 implants (2.5%) with a Misch Quality
Scale of III. No implants at the one year interval
were evaluated as having a Quality Scale of IV or
V, which count as an implant failure.

The mean overall vertical bone loss for all
implants is reported in Table 5. The greatest bone
loss of 0.69 mm was observed at the time interval
from Stage II surgery to PD. Bone loss after
loading was limited to the first six months, with a
loss of 0.07 mm. The bone level stablilized after
six months of loading, even slightly increasing at
the one and two year radiographic study intervals.
No significant differences were observed in bone
loss among the four types of bone densities.

A typical radiographic series of the bone
density-based implant system is shown in Figure 4.
The intraoral radiograph shown at Stage I surgery
demonstrates that the implant was placed at the
crestal bone level. The Stage II and one year
radiographs demonstrate crestal bone maintenance

with limited bone loss.

The present prospective, multi-center study
duplicates the results by Misch et al.®, Misch,
Poitras and Dietsh® and DeLeonardis and Pecora®
in that 99% success rates were achieved regardless
of bone quality. These results are superior to that

reported in the literature, especially in poor quality
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bone.

Historical studies of the conventional v-thread
implants report failure rates as high as 35% in poor
quality bone. Engquist et al.” reported the loss of
38 of 191 implants in the maxilla in type IV bone
before Stage II surgery with the Branemark®
implant. Jaffin and Berman* reported an overall
8.3% surgical loss and initial healing loss in 444
maxillary implants. In a review of 732 maxillary
implants, Friberg et al.* reported a 4.8% failure
rate at second stage surgery with a v-thread
implant.

With improvement in clinical skills, implant
design and surface condition, more contemporary
investigations report improved clinical results
ranging from 92% to 99%.%""'*" The Dental
Implant Clinical Research Group (DICRG)
conducted an evaluation of the changes in bone
height surrounding root form dental implants at 32
Department of Veterans Affairs medical centers
and university research clinics.® The DICRG Study
reported an overall implant failure rate of 3% at
six months after prosthesis delivery. In a
randomized study comparing two implant systems,
Astrand et al.” reported success rates for the Astra
and Branemark®implants at 99% and 95%,
respectively. Brocard et al."” reported 95% and
92% success rates with ITI implants at five and
seven year follow-up intervals. Recently, Testori et
al.” reported a 98.7% success rate for 3i Osteotite
implants at one year following prosthesis delivery.
The bone quality-based implant system resulted in

a 99.5% success rate at an average follow-up
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interval of 2.6 years after prosthesis delivery. A
summary of clinical trial results with other implant
designs with a two year follow-up are provided in
Table 6.

This study revealed no differences in the bone
loss or implant survival based on area of
placement, bone density, type of implant or type of
prosthesis. The DICRG study report that the period
of time between implant placement and six months
post Stage II uncovery showed more bone loss in
1) not
hydroxyapatite; 2) placed in the maxilla; 3) placed

implants that were coated with
in anterior regions of the jaws; 4) in completely
edentulous cases; and 5) placed in bone scored as
having lower quality.’ Other investigators reported
that implants placed in the mandible are less prone
to failures.'*' In other words, more failures are
related to implants placed in the maxilla. Typically
the bone quality of the maxilla is poorer than that
of the mandible, which may explain higher failure
rates for implant designs that do not account for
the biomechanical differences in the varying bone
properties of the human mandible and maxilla.*

As dental implant systems have evolved and
improved clinical results, the focus has turned
towards a reduction of complications including
crestal bone loss. Unfortunately, the wide variation
in methodology makes it difficult to compare
results. For example, many investigators do not
report bone loss from the time of implant
placement to prosthesis insertion. Instead, the
baseline most often used to measure crestal bone

loss is the bone level at the time of prosthesis



insertion. The classic Branemark clinical

investigations ignored bone loss from the time of
implant placement to prosthesis delivery. The
majority of investigations of the Branemark®
implant reported a loss of one mm from PD to one
year with 0.2 mm of loss annually thereafter.''*1¢

Crestal bone remodeling in the interval
between implant placement (Stage I Surgery) and
prosthesis delivery was been previously
investigated in detail by several investigators.
Manz, in the DICRG study, revealed an overall
loss of 0.94 mm of crestal bone with a threaded
implant with an internal connection.® Astrund et
al.” observed bone loss of 1.4 mm and 1.8 mm was
observed for the Astra and Branemark® implants,
respectively, from the time of implant placement to
prosthesis delivery. Pham et al.® found a rate of
bone loss of 0.16 mm per month for a one-stage
implant system. This corresponds to bone loss
values of 0.48 mm to 0.96 mm of bone loss for
surgical healing periods of three and six months,
respectively. The present study reported an initial
bone loss of 0.88 mm from the time of implant
placement to prosthesis delivery.

In the time interval between prosthesis
delivery and one year radiographic evaluation,
Astrand et al.” reported bone loss of 0.26 mm and
0.17 mm was observed for the Astra and
Branemark® implants, respectively. The DICRG
investigation reported an average bone loss of 1.14
mm in the same time interval.® The present
investigation on the bone density-based system

revealed an overall bone loss of 0.06 mm from

prosthesis delivery to one year radiographic
evaluation. These results are graphically displayed
in Figure 5.

Several investigators have suggested that the
high profile of the cover screw over an external
hex and the microgap resulting the connection
between the implant and the abutment result in
more bone loss than implant designs that feature an
internal connection or a solid single stage design.*
The results of this investigation refute this
hypothesis in that the bone loss levels, either from
implant insertion to PD or from PD to at least one
year of loading, with a bone quality-based implant
system were less than reported with systems with
an internal connection or a solid single stage
design in similar trial methodologies. There are
several explanations for this finding. First, the
bone quality-based system is designed with a
precision fit between the internal hex and shoulder
of the abutment and the external hex and the flat
shoulder of the implant. Mechanical testing has
demonstrated that this connection is superior to the
traditional external hex design and an internal
connection.” Second, the design characteristics of
the bone quality-based design produce less bone
loss due to the small polished collar and thread
design.’

The cause of peri-implant bone loss can be
multi-factorial. Bacterial infection, biologic width
and biomechanical overloading have been
suggested to the primary ctiologic factors
associated with crestal bone loss surrounding

dental implants.™"-*15 In animal study, implants
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with excessive occlusal load and weekly cleaning
failed, whereas no implants with heavy plaque
accumulation alone failed.” The author concluded
that occlusal overload may be the main factor in
loss of integration in a previously osseointegrated
implant. This view has been supported by other
investigators.™*!*?* As such, the load distribution
capacity of an implant system is critical is
dissipating overload to the implant-bone interface.
The volume and density of bone determine the
criteria to establish proper treatment plans with
adequate number of implants and sufficient surface
area.” An appropriate number of implants and a
design specific for the biomechanical conditions in
poorer quality bone !is required to address occlusal
overload. The average surface area of a maxillary
first molar is 533 mm?® A typical threaded 4 mm
diameter x 10 mm long implant design has a
surface area of 136mm?.* An identical diameter
and length bone quality-based implant designed for
poor quality bone (D4 Implant Design) has a
surface area of 245mm?, which represents an 80%
increase in surface areca available for
osseointegration.” The surface area of the D4
Implant Design further increases to 563mm?® if a 5
mm design is placed. As such, it may be possible
to reduce failure rates and bone loss by choosing
an implant specifically designed for the varying
biomechanical conditions inherent in the human

mandible and maxilla.

This study revealed that a bone density-based

implant system produced a mean bone loss from
the time of prosthesis loading to one year follow-
up of 0.06 mm. Furthermore, Kaplarl. Meier Life
Table Analysis indicated a cumulative success rate
of 99.5%. These results represent an improved
clinical outcome compared to other clinical
investigations of alternative implant systems.
These results suggest that a bone quality-based
implant system can improve clinical results and
reduce marginal bone loss. Future prospective long
term clinical studies will further elucidate the
variables affecting implant success crestal bone
remodeling such as bone density, placement

location and design features.
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TABLEA1
MISCH IMPLANT QUALITY SCALE

Clinical Conditions

Treatment

1
[(optimum health)

Initial rigid fixation

No pain or tendernes=s on palpation, per or ion
=1.5 mm crestal bone loss in first year

<1.0 mim bone loss in following 3-year period

Atfter first yo.
Mo cxudate history

stable probing (sulcus) depth of <4 mm

No radiclucencies
0-1 bleeding Index

MNormal
maintenance

"
(matinfactory health)

Initial rigid fixation

No pain or tenderness on palpation, percussion or function

1.5 to 3 mm crestal bone loss in first year

<1.0 mm boneo loss In following 3-year period

=4 mm probing depth from the original tissue thickness or first year bone loss, but is stable

in last 3-yoar period
Past transient exudate history
No radiolucencies
0-1 bleeding Index (may ha

a translent 2 condition)

Reduce
stressos

Shorter
intervals
betwoen
hyglene
treatments

Ginglvoplasty

m
(compromised haalth)

Initial rigid fixation

MNo pain or noss on palpatl por orf

Slight tendernoss

=3 mm crestal bone loss in first year

=2 mm bone loss in following 3-year period, but less than 2 total bone loas (implantitis)
= 5 mm probing depth and in pr 3 years

[History of exudate 1 to 2 weeks in preceding 3 years

¥ d crestal portion of implant
1-3 bleeding Index

Reduce
strossos
Orug therapy,

antibiotics
Surgical

reentry
Change in

prosthesis

I
(clinical tailure)

Any of the following conditions:
Pain on Ipation, per or f i
=0.5 mm horizontal mobility or any vertical mobility at Stage 1l

Remowval of
implant

Yy or pr 1
Uncontrolled progressive bone loss

Loss of more than 2 of bone supporting the implant

Uncontrolled exudate

Generalized radiolucency

v
l[tabsolute

Implant surgically removed

Implant exfoliated

TABLE 2
TREATMENT/ASSESSVMENT SCHEDULE

Bone graft

Patient Visit

Screening, Stage | Prosthetic

Proe-surglical Surgory

14 Day 4-10 Months,

Follow-up Evaluation
Post-operative |Stage Il Surgery, | Rostoration | (after final prosthesis delivery)

A at, o lant ch u

v
o P (Abutment

Treatment Planning Placement)

3| e
mo | mao

1

wr

18| 2|3 |4 |5
mo| yr | ¥yr | yr | yr

Form Numbaer(s)

oA, OB, 1A 4 * 24 s

Informed Consent

3A, 38

AR, 4B

Patient Eligibility

-+

Medical Evaluation

i -I- A 4 + 4+ [+

Boneo Quantity
Assessment

+ 1

Bone Density
Asscssment

Oral Hyglene
Assessment

Radiographs
Existing Teooth

Implant Sites/Implants -+ i 4 -4

Diagnostic Evaluation

and Treatment Planning

Oral Prophylaxis

Peri-implant Gingival
Haoalth

Mobility Assessment

Bone Level
Me
Radiographic

Clinical {direct)

urement

Prosthodontic

Evaluation
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“+ indicates that the assessment is required during this visit
#* Forms 5B, 5C, 6A as required



Table 3. Distribution of Implants by Bone Density and Prosthesis Type

BioHorizons Multi-Center Clinical Trial
Summary of Follow-up Information Available

Total No. of Implants by Type
Prosthesis Type Cases Imp, =k D2 D3 Da
Single Tooth 37 37 o 10 18 a8
Fixed partial Denture
2 Implants 20 40 1 10 14 15
3 Implants 29 = rd a4 31 27 25
4 Implants 10 37 1 16 20 (s}
5 Implants 2 10 o 3 7T o
6 impants 1 (=] o o [ o
Fixed Full Denture
5 implants (] (] o o o (=]
6 implants o o (] o o
12 Implants 1 1z 1 “ 5 2
Overdenture - implant and soft tissue supported
2 Implants o o o o o o
3 Implants 4 12 3 - o o
4 Implants 3 12 <3 a8 o o
5 Implants 2 10 o 5 -] o
7 Implants 1 T o o “ 3
Overdenture - implant supported
4 Implants L= 24 12 “a a o
5 Implants 25 125 20 as -] 11
6 implants 3 24 8 F 10 [=] o
8 lmplants 3 24 o o a4 20
2 Implants 2 18 (=] =] 10 a8
10 Implants 1 10 (o] 3 i o
Total: 151 495 54 198 151 22
As of 11/28/01
Distribution of Implants by Placemant Araa el
Area of the Mouth Number of Cases
Anterior Mandible S50
Posterior Mandible 52
Anterior Maxilla 23
Posterior Maxilla 26
Table 4. The distribution of the number of cases by the placement area reveals that the

majority of the implant were placed in the mandible.

Mean Vertical Bone Loss Measurement

Stage | to |[Uncovery to PD to & e Months to 1 Year to
Uncowvery PD Month=s 1 Year 2 Yoars
Bone Loss at Each 0.19 mm 0.69 mm 0.07 mm +0.01 mm +O.11 mm
Time Interval
S::sulativa BRne 0.19 mm 0.88 mm 0.95 mm 0.94 mm o.83mm
Table 5. The majority of the bone loss with the bﬂnﬂ-.__ciaﬂ-l-ltyht;ﬂsﬂd implant system

occurred between implant uncovery and the delivery of the prosthesis: Bone loss after
prosthesis delivery was extremely small and turned into a bone gain at longer follow-up
iNntervals.

Life Table Analysis of Contemporary Dental Implant Designs Two Year Loading Intaerval

Author Implant Design Succoess Rate
Higuchi et aal.'® Branemark™ 93.0%
93.9% (maxilla)
ekhol t =1, =
| B alm et = Bramnamark' 54.5% (mandibie)
Brocard et al. '7 1T (Straumann) 27.1%
Davarpanah et al. '® ICE (31) o95.4%>
Testori et al. '3 Osteotite (3i) o8. 7%
Astrand et al.'® Astra 99%
- One Year Loading Interval
Table 6. Life Table Analysis of cumilative success rates of contemporary dental implant

systems. The present study indicated a success rate of 99.5%% at 2.6 years following
prosthesis loading with a bone quality-based dental implant system.
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