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Survival rates from placement to 36 months were reported
for the ongoing Dental Implant Clinical Research Group studies
of root-form endosseous dental implants. Failure rates for all
implants were similar in bone qualities 1 and 2 (6.2% and 6.7%,
respectively) and slightly higher in bone qualities 3 and 4 (8.5%
and 8.7%, respectively). Hydroxyapatite (HA)-coated implants
had an overall failure rate of 3.9% over 36 months in all bone
qualities combined, while non-coated implants had a 13.4% fail-
ure rate for the same parameters. For each bone quality, there
was a significant difference in implant survival for the non-coated
implants (P <0.01). The highest failure rates for non-coated
implants were in bone qualities 3 and 4 (19.1% and 25.5%,
respectively). No major difference in survival was found for HA-
coated implants placed in each bone quality. Possible reasons
for the differences in survival are discussed. Ann Periodontol
2000;5:109-118.
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Albrektsson and coworkers1 re-
viewed six parameters critical to
control for rigid fixation and

proper osseointegration to occur: bio-
compatibility, design and surface condi-
tions of the implant, condition of the
recipient bone bed, surgical technique,
and loading conditions. All of these are
under the control of the clinician except
bone quality. Debate continues among
clinicians as to the ideal implant surface
composition/conformation to maximize
bone healing (osseointegration) and load
transmission ability.

The long-term clinical success of tita-
nium dental implants is reported to be
highly influenced by both the quality and
quantity of available bone.2-9 For exam-
ple, better bone quality and quantity in
the anterior mandible are usually offered
as the main reasons for higher survival
rates of dental implants in lower jaws.7,8,10

The percentage of bone-implant contact
is higher in cortical bone than in can-
celleous bone, which provides greater ini-
tial stability to the implant during the heal-
ing period following insertion. Stimulation
of bone within physiologic limits may pro-
duce an increase in osseous density at
the implant-bone interface.11-15

Other aspects of implant rehabilitation
may be affected by bone quality. These

This is U.S. Government-supported research, and there are no restrictions on its use. This paper
has been approved for publication by the Dental Implant Clinical Research Group (DICRG),
Department of Veterans Affairs. The views expressed in this article are those of the authors and
do not reflect the views or policies of the U.S. Department of Veterans Affairs, nor imply
endorsement by the U.S. Government.
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root-form designs of one implant system in various
types of bone quality for all enrolled study cases, total-
ing 2,762 individual fixtures, out to 36 months post-
uncovering.

MATERIALS AND METHODS
A total of 2,998 implants were placed and followed for
a period of 36 months. As part of the comprehensive
studies conducted by the DICRG, the quality of bone
at each implant site was recorded at the time of implant
placement surgery, and the prevalence of various bone
qualities was later tabulated. The Lekholm-Zarb clas-
sification system22 was used to assess bone quality.

Cases were assigned to one of five strata, designed
to facilitate data analysis by implant location, degree
of edentulism, and other baseline variables. The type
of implant used in a given location was specific to the
stratum but randomized for position within the stra-
tum by the study design (Table 1). Implant length and
diameter were determined by the treatment team.19

The following implant types� were used:
1) Commercially pure titanium screw (Grade 3, acid

etched with HF/NO3), Ti-alloy screw (Ti6Al4V–Grade
23, acid etched with HF/NO3), and titanium alloy screw
(Ti6Al4V–Grade 23, with collar, acid etched with
HF/NO3) coated with hydroxyapatite (HA-coated-min-
imum crystallinity 62%, maximine porosity 5%):
endosseous implant with externally threaded body and
internal hex-thread connection with three materials
options: commercially pure titanium (Grade 3, acid
etched with HF/NO3), titanium alloy (Ti6Al4V-Grade
23, acid etched with HF/NO3), and titanium alloy (Ti-
6Al4V-Grade 23, with collar, acid etched with HF/NO3)
coated with hydroxyapatite (minimum crystallinity 62%
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� Core-Vent Corporation, DBA Paragon Company, Encino, CA.

include drilling speed, pressure, and sequence; oste-
otomy size and use of a bone tap versus an osteotome;
countersinking; length and number of implants placed;
healing time; occlusal scheme; and the final prosthetic
treatment plan.16 Misch13 has suggested that bone
density also influences the rate of healing, and pro-
posed time frames for the waiting periods between
implant placement and delivery of the definitive pros-
thesis.

Bone volume (quantity) and relative bone density
(quality) can be determined and quantified with com-
puterized tomography scanning and other sophisti-
cated radiological techniques. However, even follow-
ing an appropriate presurgical diagnostic workup, the
clinician should be prepared to encounter and manage
any bone type. Prior knowledge of bone quality preva-
lence in various anatomical regions of the mouth will
assist the clinician with the treatment planning and
delivery stages of implant therapy, from selection of
implant design to final prosthetic rehabilitation. Reports
in the literature17,18 suggest that surfaces other than
machined, commercially pure titanium may be more
successful in poor quality bone.

In 1991, clinicians and researchers from the Depart-
ment of Veterans Affairs formed the Dental Implant
Clinical Research Group (DICRG) to design and initi-
ate a major comprehensive, multicenter, multidiscipli-
nary, long-term clinical study to investigate the influ-
ence of implant design, application, and site of
placement on clinical success.19 The DICRG consists
of 30 Department of Veterans Affairs medical centers
and two research universities. Interim reports published
in 199420 and 199721 reported on Stage 2 data for
1,935 and 2,633 implants, respectively. The aim of
this report is to describe the distribution of survival/fail-
ures of hydroxyapatite (HA)-coated and non-coated

Table 1.

Study Strata, Implant Design, and Materials

Strata N Implants Implant Type Implant Material

Mandibular fully edentulous 5 or 6 Basket* Titanium-alloy (Ti6AL4V–Grade 23, acid etched)
Screw† Titanium-alloy (Ti6AL4V–Grade 23, acid etched)
Cylinder‡ Titanium-alloy (Ti6AL4V–Grade23, acid-etched collar) HA-coated

Mandibular posterior partially edentulous 2 or 3 Basket* Titanium-alloy (Ti6AL4V–Grade 23, acid etched)
Cylinder‡ Titanium-alloy (Ti6AL4V–Grade 23, acid-etched collar) HA-coated

Maxillary fully edentulous 5 or 6 Grooved§ Titanium-alloy (Ti6AL4V–Grade 23, acid etched) HA-coated
Screw† Titanium-alloy (Ti6AL4V–Grade 23, acid-etched collar) HA-coated
Screw† Titanium-CP (Grade 3, acid etched)

Maxillary posterior partially edentulous 2 or 3 Grooved§ Titanium-alloy (Ti6AL4V–Grade 23, acid-etched) HA-coated
Cylinder‡ Titanium-alloy (Ti6AL4V–Grade 23, acid-etched) HA-coated

Maxillary anterior single implant 1 Grooved§ Titanium-alloy (Ti6AL4V–Grade 23, acid-etched) HA-coated

* Core-Vent;† Screw-Vent;‡ Bio-Vent, § Micro-Vent, Core-Vent Corporation.
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and less than 5% porosity) coating; lengths 8, 10, 13,
and 16 mm; diameters 3.5 mm (3.75 mm collar); fin-
ishing drill 3.2 mm.

2) Ti-alloy basket (Ti6Al4V–Grade 23, acid etched
with HF/NO3): titanium alloy endosseous implant with
basket design and externally threaded body, and inter-
nal hex-thread connection; lengths 8, 10.5, 13, and
16 mm; diameters 4.3 mm at the threads (3.5 mm
collar) and 5.3 mm at the threads (4.5 mm collar);
finishing drills 3.5 and 4.5 mm.

3) HA-coated cylinder (Ti6Al4V–Grade 23, acid-
etched collar with HF/NO3) with hydroxyapatite coat-
ing (minimum crystallinity 62%, less than 5% poros-
ity): HA-coated endosseous implant with cylindrical
body and internal hex-thread connection; lengths 8,
10.5, 13, and 16 mm; diameters 3.5 mm and 4.5 mm;
finishing drills 3.5 mm and 4.5 mm.

4) HA-coated grooved (Ti6Al4V–Grade 23, acid-
etched HF/NO3 collar) with hydroxyapatite (minimun
crystallinity 62%, less than 5% porosity): HA-coated
endosseous implant with ledged body design, vertical
grooves, and internal hex-thread connection; lengths
7, 10, 13, and 16 mm; diameters 3.25 mm (3.5 mm
collar) and 4.25 mm (4.5 mm collar); finishing drills
2.5/3.2 and 3.0/4.2 mm diameters.

Implants were placed according to the manufac-
turer’s surgical protocol. At implant insertion, the fol-
lowing data were recorded on standardized forms:
implant type, diameter, and length; site of placement
(tooth number); type of restoration planned; type of
incision (crestal/remote); use of bone tap (yes/no);
medications prescribed (analgesics/antibiotics/other);
snugness of fit (firm/loose); and bone quality (BQ
1-4).

Bone quality was assessed by a combination of radi-
ographic density and subjective clinical evaluation dur-
ing osteotomy preparation. Additional bone measure-
ments were also recorded including width of buccal and
lingual bone (after crestal reduction if necessary to pro-
vide for a minimum of 1 mm of bone on buccal/lingual
surfaces), distance between the bone crest and the top
of the implant, and the distance between implants.

Following a recommended submerged healing period
of at least 3 months for the mandible and 6 months for
the maxilla, the implants were uncovered and the fol-
lowing data recorded on standardized forms: type of
exposure incision (crestal/remote/punch); distance
between bone crest and top of implant; clinical status
of osseointegration by manual mobility testing (pres-
ence or absence of rotational movement when attach-
ing healing cap and Periotest¶ values for mobility).

Implants removed at any stage of treatment were
recorded as failures. Stage 1 was from the time of
placement up to uncovering. Stage 2 was at the time
of uncovering. (Note: The healing period included both
Stage 1 and 2 failures). Stage 3 was prior to delivery

of the final prosthesis, and Stage 4 was post-loading
of the final prosthesis.

This project was first reviewed and approved by the
Research and Development Committee and Human
Studies Committee of the project office (DVAMC, Ann
Arbor, Michigan). In addition, appropriate local review
and approval were received by each participating med-
ical center.

Statistical Methods
Survival outcomes were compared for all implants
using descriptive data. Differences in survival out-
comes for each bone quality and for the two implant
types (HA-coated versus non-coated) were compared
using survival curves.

RESULTS
Survival of All Implants
The data presented here represent longitudinal follow-
up data of DICRG results published previously.20,21

The results are summarized in Tables 2 through 4, and
survival curves are shown in Figures 1 through 6.

A total of 258 (8.6%) implants were placed in BQ-
1; 1,387 (46.3%) in BQ-2; 1,100 (36.6%) in BQ-3;
and 253 (8.6%) in BQ-4 and followed for 36 months.
Table 2 presents the distribution of implant survival
(failures %) recorded for all implants combined (HA
plus non-coated) by bone quality after 36 months.
Overall survival of all implants placed and followed for
a period of 36 months was 92.6% (2,774/2,998). Total
implant survival in BQ-1 from the time of placement
to 36 months was 93.8% (6.2% failures). In BQ-2, sur-
vival from placement to 36 months was 93.3% (6.7%
failures); for BQ-3, 91.5% (8.5% failures) of the
implants placed survived to 36 months; and the total
survival from placement to 36 months for BQ-4 was
91.3 (8.7% failures). As the bone quality decreased,
there was a slight reduction in implant survival, which
was less in “good bone” (BQ-1 and BQ-2) and greater
in “poor bone” (BQ-3 and BQ-4).
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¶ Siemens AG, Bensheim, Germany.

Table 2.

Survival of All Implants (includes all HA-
coated and non-coated implants) to 36
Months by Bone Quality

Bone Quality (N) N Survive (Fail) % Survive (% Fail)

BQ-1 (258) 242 (16) 93.8 (6.2)

BQ-2 (1,387) 1,294 (93) 93.3 (6.7)

BQ-3 (1,100) 1,007 (93) 91.5 (8.5)

BQ-4 (253) 231 (22) 91.3 (8.7)
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Overall survival of all HA-coated implants followed
for a period of 36 months was 96.1% compared to
86.5% for non-coated implants. Survival of the HA-
coated implants was not found to be significantly bet-
ter for any of the bone qualities (Fig. 1). The opposite
was true for non-coated implants (Fig. 2). As the bone
quality decreased, there was a significant increase in
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Figure 1.
Survival curves; survival of HA-coated implants from placement to 36
months in each bone quality. Survival was not found to be significantly
better in any one of the bone qualities (P >0.05, log rank, Breslow and
Tarone-Ware).

Figure 2.
Survival curves; survival of non-coated implants in each bone quality
from placement to 36 months.As the bone quality decreased, there
was a statistically significant decrease in the survival of non-coated
implants (P <0.001, log rank, Breslow and Tarone-Ware).

Table 3.

Survival of All Implants to 36 Months by
Bone Quality: HA Versus Non-HA
(descriptive data)

Bone Quality N Survive % Survive

BQ-1 (N = 258)
HA (111/258) = 43% 108/111 97.3
Non-HA (147/258) = 57% 134/147 91.2

BQ-2 (N = 1,387)
HA (778/1,387) = 56.1% 750/778 96.4
Non-HA (603/1,387) = 43.4% 544/609 89.3

BQ-3 (N = 1,100)
HA (780/1,100) = 70.9% 748/780 95.9
Non-HA (320/1,100) = 29.1% 259/320 80.9

BQ-4 (N = 253)
HA (206/253) = 81.4% 196/206 95.1
Non-HA (47/253) = 18.6% 35/47 74.5

Total 2,774/2,998 92.6

the failures (P <0.001, log rank, Breslow and Tarone-
Ware).

HA-Coated Versus Non-Coated Implant Survival
One of the biggest controversies in implant dentistry
today is the performance of HA-coated compared to
non-coated implants. Table 3 presents a breakdown
of survival/failures by implant surface (HA-coated or
non-coated) in various bone densities after 36 months.
For all bone qualities, HA-coated implants demon-
strated a significantly higher survival rate than non-
coated implants out to 36 months (Tables 3 and 4,
Figs. 3 through 6). As the bone quality decreased, the
area between the two survival curves became greater
(Figs. 3 through 6). This area graphically illustrates
the magnitude of the difference in survival over time
between the two implant types.

Table 4 provides more detailed data regarding the
timing of implant failures out to 36 months, broken
down again by bone quality, surface coating, and stage
at which failure occurred. Non-coated implants were
more often associated with early failures (5.6%) dur-
ing the healing period (Stages 1 and 2 combined),
compared to 1.1% for HA-coated implants. This pat-
tern was evident for each of the bone quality cate-
gories.

Bone Quality-1
All implants placed in BQ-1 had early failures before
uncovering (Stage 1) of 2.3% (6/258), and at uncov-
ering (Stage 2), another 1.2% failed (3/258) and were
removed. Combining Stages 1 and 2 together provides
information about survival during the healing period:
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Figure 3.
Survival curves. Survival of HA-coated and non-coated implants placed
in bone quality-1 and followed from placement to 36 months.At each
evaluation period, the HA-coated implants showed significantly better
survival than non-coated implants (P <0.001, log rank, Breslow and
Tarone-Ware).

Figure 4.
Survival curves. Survival of HA-coated and non-coated implants placed
in bone quality-2 and followed from placement to 36 months. At each
evaluation period, the HA-coated implants showed significantly better
survival than non-coated implants. (P <0.001, log rank, Breslow and
Tarone-Ware).

Table 4.

Timing of Implant Failures to 36 Months by Bone Quality and Surface
Coating

Coating/Stage BQ-1 BQ-2 BQ-3 BQ-4 Table Total

HA-Coated
Surviving 108/111 = 97.3% 750/778 = 96.4% 748/780 = 95.9% 196/206 = 95.1% 1,802/1,875 = 96.1%
Failures

Stage 1 1/0.9% 7/1.0% 2/0.3% - 10/0.5%
Stage 2 - 3/0.4% 4/0.5% 4/1.9% 11/0.6%

(Healing period)* (1/0.9%) (10/1.3%) (6/0.8%) (4/1.9%) (21/1.1%)
Stage 3 1/1.0% 6/0.8% 7/0.9% 4/1.9% 18/0.9%
Stage 4 1/0.9% 12/1.5% 19/2.4% 2/1.0% 34/1.8%

Total HA 3/2.7% 28/3.6% 32/4.1% 10/4.9% 73/3.9%

Non-Coated
Surviving 134/147 = 91.2% 544/609 = 89.3% 259/320 = 80.9% 35/47 = 74.5% 972/1,123 = 86.6%
Failures

Stage 1 5/3.4% 11/1.8% 2/0.6% 1/2.1% 19/1.7%
Stage 2 3/2.0% 20/3.3% 18/5.6% 3/6.4% 44/3.9%

(Healing period)* (8/5.4%) (31/5.1%) (20/6.3%) (4/8.5%) (63/5.6%)
Stage 3 4/2.7% 23/3.8% 26/8.1% 7/14.9% 60/5.3%
Stage 4 1/0.7% 11/1.8% 15/4.6% 1/2.1% 28/2.5%

Total non-coated 13/8.8% 65/10.7% 61/19.1% 12/25.5% 151/13.4%

* Healing period = Stages 1 and 2 combined.
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3.5% (9/258) of the implants were removed in this
bone density category. The removals during the heal-
ing period consisted largely of non-coated implants
(Table 4, Fig. 3). Following uncovering but before the
placement and loading of the prosthesis (Stage 3),
one HA-coated and four non-coated implants failed
(5/238 = 2.1%) and were removed. Following loading

of the prosthesis up to 36 months (Stage 4), an addi-
tional 0.8% (2/258) of all implants were removed
(Table 4). Of these, 0.9% (1/111) were HA-coated
compared to 0.7% (1/147) that were non-coated.

Of the 258 implants placed in BQ-1 and followed
for 36 months, 43% of these were HA-coated and 57%
were non-coated (Table 3). During the Stage 1 period,
0.9% (1/111) of the HA-coated implants failed, com-
pared to 3.4% (5/147) of the non-coated implants
(Table 4). An additional 2.0% of non-coated implants
failed at the time of Stage 2 uncovering, giving a total
of 5.4% for the healing period (Table 4); however, no
failures occurred for the HA-coated implants in this
same time period. Following uncovering, but before
placement and loading of the prosthesis (Stage 3),
HA-coated implants experienced 1% failures compared
to 2.7% for the non-coated implants. After placement
and loading of the prosthesis to 36 months, 0.9%
(1/111) of the HA-coated implants failed compared
to 0.7% (1/147) for the non-coated implants. Total
overall survival from placement to 36 months was
97.3% for all HA-coated implants and 91.2% for the
non-coated. Non-coated implants were approximately
2 to 3 times more likely to fail in BQ-1 than HA-coated
implants out to 36 months, which was statistically sig-
nificant (Fig. 3) (P <0.001, log rank, Breslow and
Tarone-Ware).

Bone Quality-2
Of all implants placed in BQ-2, the early failures from
placement to uncovering (Stage 1) for all implants
placed were 1.3% (18/1,387), which increased at
uncovering (Stage 2) with an additional 1.7%
(23/1,387) failing. Total failures during Stages 1 and 2
combined was 3.0% (41/1,387). Before placement of
the prosthesis (Stage 3), 2.1% (29/1,387) more
implants failed; following placement and loading of the
prosthesis (Stage 4), 1.7% (23/1,387) of the implants
failed out to 36 months.

In BQ-2, 56.1% of the implants placed were HA-
coated and 43.4% were non-coated (Table 3). In the
early stage of healing (Stage 1) but before uncover-
ing, 1.0% (7/778) of the HA-coated implants failed
and were removed compared to 1.8% (11/609) for
non-coated implants (Table 4). Non-coated implants
were nearly twice as likely to fail as HA-coated
implants during this critical period. At Stage 2 uncov-
ering, 0.4% (3/778) more HA-coated implants failed
and were removed compared to 3.3% (20/609) failures
for the non-coated implants. Non-coated implants were
almost 8 times more likely to fail at uncovering as
those that were HA-coated. In the combined Stage 1
and 2 periods, total failures (10/778) were 1.3% for
HA-coated implants and 5.1% (31/609) for the
non–HA-coated implants (Table 4). Following uncov-
ering but before placement and loading of the pros-
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Figure 5.
Survival curves. Survival of HA-coated implants and non-coated
implants placed in bone quality-3 and followed from placement to 36
months.At each evaluation period, the HA-coated implant showed
significantly better survival than non-coated implants (P <0.001, log
rank, Breslow and Tarone-Ware).

Figure 6.
Survival curves. Survival of HA-coated and non-coated implants placed
in bone quality-4 and followed from placement to 36 months.At each
evaluation period, the HA-coated implants showed significantly better
survival than non-coated implants (P <0.001, log rank, Breslow and
Tarone-Ware).
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thesis (Stage 3), 0.8% (6/778) of the HA-coated
implants failed, compared to 3.8% (23/609) for non-
coated implants. After loading of the prosthesis to 36
months (Stage 4), 1.5% (12/778) of the HA-coated
implants failed, and 1.8% (11/609) of the non-coated
implants failed. Total failures from placement to 36
months of function for the HA-coated implants was
3.6% (96.4% survival) and 10.7% (89.3% survival) for
non HA-implants. Non-coated implants were approx-
imately 3 times at more risk of failure compared to
HA-coated implants out to 36 months in BQ-2. The
HA-coated implant survival in BQ-2 was significantly
better than non-coated implants (Fig. 4, P <0.001, log
rank, Breslow, and Tarone-Ware).

Bone Quality-3
In BQ-3, early failures following placement to the time
of uncovering (Stage 1) for all implants combined was
0.4% (4/1,100). At uncovering (Stage 2), an additional
2.0% (22/1,100) of all implants failed. For the entire
healing period (Stages 1 and 2), a total of 2.4%
(26/1,100) of the implants were removed. Following
uncovering but before placement and loading of the
prosthesis (Stage 3), 3.0% (33/1,100) more failures
occurred. Following loading of the prosthesis (Stage 4),
3.1% (34/1,100) additional implants were removed. For
all stages of treatment, the total failures in BQ-3 were
8.5% (93/1,100), with 91.5% of the implants surviving.

In BQ-3, 70.9% of the implants were HA-coated
and 29.1% were non-coated (Table 3). Prior to uncov-
ering (Stage 1), HA-coated implants failed 0.3%
(2/780) of the time and non-coated implants 0.6%
(2/320). At uncovering (Stage 2), an additional 0.5%
(4/780) of the HA-coated implants failed, while the
non-coated implants incurred an additional 5.6%
(18/320) failure rate. This provided a total failure rate
during healing (Stages 1 and 2) of 0.8% for HA-coated
implants and 6.3% for non-coated implants. Non-
coated implants were at 7 to 8 times greater risk of
failure in this bone density during the healing period
(Table 4). Before loading of the prosthesis (Stage 3),
0.9% (7/780) of the HA-coated implants failed com-
pared to 8.1% (26/320) for non-coated. At this stage
of treatment, the non-HA implant was almost 8 times
more likely to fail than an HA-coated implant. Fol-
lowing loading to 36 months (Stage 4), the HA-coated
implant failures increased to 2.4% (19/780), which
was less than the 4.6% (15/320) failure rate for the
non-coated implants. Non-coated implants were
slightly more at risk of experiencing early failures.
The total failures from placement to 36 months were
4.1% (95.9% survival) for HA-coated implants and
19.1% (80.9% survival) for non-coated implants (Table
3). Non-coated implants were about 4 to 5 times more
at risk of failure as HA-coated implants in BQ-3
loaded out to 36 months.

Bone Quality-4
In BQ-4, early failures during the healing period of
placement to uncovering (Stage 1) were 0.4% (1/253)
and an additional 2.8% (7/253) at uncovering (Stage
2). The total for this healing period (Stages 1 and 2)
was therefore 3.2% (8/253). From uncovering up to
placement of the prosthesis (Stage 3), an additional
4.3% (11/253) of the implants failed and were
removed, while from loading to 36 months, 1.2%
(3/253) failed and were removed. Overall, the total
failures from placement to uncovering were 22/253 or
8.7% (91.3% survival) for BQ-4 (Tables 3 and 4).

In BQ-4, 81.4% of the implants placed were HA-
coated, while only 18.6% were non-coated implants
(Table 3). Early failures following placement (Stage
1) were 2.1% (1/47) for non-coated implants, while
100% of the HA-coated implants survived. At the time
of uncovering (Stage 2), 1.9% (4/206) of the HA-
coated implants failed and were removed, compared
to 6.4% (3/47) of the non-coated implants. For the
combined healing period from placement to uncover-
ing (Stages 1 and 2), the total failures were 1.9%
(4/206) for the HA-coated implants and 8.5% (4/47)
for the non-coated designs. Before the placement of
the prosthesis (Stage 3), an additional 1.9% (4/206)
of the HA-coated implants failed compared to 14.9%
(7/47) for the non-coated implants. Following loading
of the prosthesis to 36 months (Stage 4), HA-coated
implants failed 1.0% (2/206) of the time and non-
coated implants 2.1% (1/47) of the time. Total failures
from implant placement to 36 months for HA-coated
implants were 4.9% (95.1% survival) and 25.5% (74.5%
survival) for non-coated implants. Non-coated implants
experienced 5 to 6 times greater risk of failure than HA-
coated implants.

DISCUSSION
Manufacturers and clinicians are considering the impor-
tance of bone quality and shape in relation to the
design, surface characteristics, and placement tech-
niques of dental implants. Engquist et al. placed 191
maxillary and 148 mandibular implants (Nobelpharma,
AN, Göteborg, Sweden) supporting overdentures.9 Of
the 38 maxillary implants (20%) that failed to osseoin-
tegrate at uncovering, 31 were in Q-4 bone, with 78%
of the total implant failures occurring in Q-4 bone. The
loss of 23 of 52 Brånemark implants (44%) placed in
Q-4 bone in the maxilla; 11 of 30 implants (37%)
placed in Q-4 bone in the posterior mandible; and 2
of 20 (10%) implants placed in Q-4 bone anterior to
the mental foramina was reported by Jaffin and
Berman, for an overall failure rate of 35% in Q-4 bone.7

They experienced only a 3% loss at the time of uncov-
ering of all implants placed in Q-1 to Q-3 bone. This
3% loss is similar to the current DICRG data for all
non-coated implants at uncovering in bone qualities 1
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through 3. To overcome some of these difficulties,
Nobelpharma introduced self-tapping implants in 1983
for use in situations where soft bone quality is pre-
sent.23 The company continued with further modifica-
tions and developed a wider diameter fixture (5.0 mm)
that Langer et al.24 described as useful in areas of poor
bone quality. Wider implants may increase interfacial
bicortical stabilization.

Recognizing that surface roughness may play a role
in the mechanical attachment of an implant surface
to bone, hydroxyapatite, titanium plasma sprayed,
and titanium acid-etched or blasted implant surfaces
have been developed to improve osseointegration,
compared to machined CP titanium screw fixtures,
when placed in poor quality bone. Lozada25 reported
on the success or failure of 109 uncoated titanium
screw implants (Steri-Oss) and 110 HA-coated tita-
nium screw implants (Steri-Oss) in what he classified
as type 4 bone. In the maxillary arch, 32.6% of
uncoated implants failed compared to 14.7% for the
HA-coated implants. The DICRG data at 3 years
approaches similar numbers for non-coated failures
in BQ-4 (24.4%), but only 4.1% of HA-coated implants
in BQ-4. Differences in survival for HA-coated
implants in the DICRG database may be due to 3-
versus 5-year data, differences in HA coatings, and
the inclusion of grooved and cylindrical HA-coated
designs along with HA-coated screws. The Spectra-
System contains implants of several designs and sur-
face characteristics reportedly intended to meet the
needs of different bone qualities and shapes found in
the various jaw locations. Saadoun and LeGall17 stud-
ied 673 Steri-Oss (Denar) implants (titanium screws,
HA titanium screws, and HA-titanium cylinders) dur-
ing a 5-year period and recommended the choice of
design be based on implant lengths, bone quality, and
anatomic region. They recommended that the closer
the bone is to type 4, the greater the indication for
HA-titanium cylinders. Fugazotto et al.18 placed a
total of 1,363 titanium plasma-sprayed, cylindrical
implants (IMZ, Interpore, Irvine, CA), 513 of which
were inserted in Q-4 bone. The success rate dropped
from 97.4% overall to 95.7% for Q-4 bone (22 failures
in Q-4 bone out of a total of 34).

Kent et al.26 and Babbush and Shimura27 reported
success rates after 5 years of 95% for HA-coated cylin-
ders. Hahn and Vassos28 recently reported a 97.8%
survival rate after 6 years for HA-coated cylinders. For
HA-coated threaded implants, Lozada25 reported a
95% success rate retrospectively after 8 years, while
Buchs et al.29 experienced a 96% success rate 5 years
post-restoration. Again, this is very similar to the
DICRG data indicating 95.9% survival of HA-coated
designs at 36 months.

Clinical predictability and indications for use of HA-
coated implants remain controversial. In contrast to

the above reports, Wheeler30 experienced increasing
failure rates of HA-coated cylinders several years post-
restoration. Wheeler ascribed these failures to peri-
implantitis, with clinical findings of mild to severe soft
tissue changes and bone loss. Reports in the litera-
ture31,32 have suggested that HA coatings are unsta-
ble, are more susceptible to bacterial infection, may be
predisposed to rapid osseous breakdown, and do not
demonstrate significant advantages over titanium
implants.

Morphologic studies (SEM) of subgingival plaque
maturation on HA, titanium, and cementum surfaces
failed, however, to show any differences in the matu-
ration sequences of bacterial morphotypes by surface
composition.33

Paschalis and coworkers34 concluded that various
commercial coatings labeled as “HA” behave differ-
ently when exposed to identical in vitro environments
and that it is conceivable that HA may respond dif-
ferently along different sites of the implant as the local
environment varies in the same patient. Similar con-
clusions were reached by Gross et al.35 who reported
preferential dissolution of the amorphous phase of HA,
compared to cracking of the more crystalline phase of
HA, presumably secondary to release of internal
stresses. Loss or fracture of the HA-coating is a con-
cern,36 particularly for press-fit versus threaded
designs. This effect on the surface integrity of HA-
coated threaded implants was reported by Edmonds
and colleagues.37 Increased amounts of HA surface
damage were documented for implants inserted into
undersized sites. It was felt that this damage occurred
due to the increased friction and force required to seat
the implants to position. Fortunately, reports of in vivo
fractures at the HA-titanium interface are extremely
rare.34,38

In another article, Gross and coworkers39 charac-
terized the locations of the amorphous and crystalline
phases on HA-coated implants. Coatings from com-
mercially available HA-coated implants demonstrated
a gradient of crystallinity from more amorphous at
the implant-coating interface, to more crystalline at
the coating surface, particularly at the distal ends of
the implants and at the thread apices. It was explained
that the higher crystallinity was due to increased heat
buildup in these areas at the time of plasma spray-
ing. The authors suggested that the opposite pattern
may be more beneficial, with more amorphous HA
on the surface to speed initial healing, and more crys-
talline HA at the implant interface to increase inter-
facial bonding strength. The pattern reported by Gross
et al.39 may explain why HA-coated implants func-
tion well for approximately 3 to 5 years and then
begin to experience a drop-off in survival as the crys-
talline surface slowly resorbs, until the amorphous
layer at the implant interface is reached, which then
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undergoes more rapid dissolution, leading to loss of
the implant.

A critical paradox is created, therefore, by the dif-
ferent biological properties of HA coatings with vary-
ing solubilities: calcium phosphate-coated implant sur-
faces should allow biodegradation to enhance bone
response40,41 but not complete dissolution, which
would result in loss of mechanical stability at the
implant-HA interface.42,43

The DICRG database will continue to be monitored
as the cases mature through 5 years and beyond to
determine whether there is any change in the survival
status for HA-coated implants.

CONCLUSIONS
Analysis of 2,998 root-form implants placed by the
DICRG investigators and followed for 36 months sug-
gests subtle differences in failure rates among various
bone qualities. Quality-1 bone experienced the lowest
failure rate (6.2%), followed closely by Q-2 (6.7%). The
failure rate for Q-3 bone was 8.5%, while Q-4 bone was
8.7%. There was a trend for an increasing percentage
of failures in less dense bone qualities, with a dichoto-
mous split between BQ-1 and 2 and BQ-3 and 4.

The quality of bone was not an important predic-
tor of implant success overall in the current data. A
far more important discriminator of implant survival
was surface coating used with various bone qualities,
with HA-coating demonstrating an increasing benefit
as bone quality decreased. Overall, survival of HA-
coated implants was 96.1% at 36 months, with 95.1%
surviving in BQ-4. Additional factors such as implant
length, experience of the operator in patient selec-
tion,1 surgical skill/experience,44,45 and healing time
prior to exposure14 may be as important as surface
coating and its influence on success rates of root-form
implants, and more important than bone quality, out to
36 months.
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