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Marginal Bone Loss Pattern Around Hydroxyapatite-
Coated Versus Commercially Pure Titanium 
Implants After up to 12 Years of Follow-up

Devorah Schwartz-Arad, DMD, PhD1/Ofer Mardinger, DMD2/Liran Levin, DMD3/
Avital Kozlovsky, DMD4/Avraham Hirshberg, MD, DMD5

Purpose: The purpose of this study was to compare the marginal bone loss (MBL), complications, and
12-year survival rates of commercially pure titanium (cpTi) and hydroxyapatite (HA)-coated implants
placed in the maxilla. Materials and Methods: The study group consisted of 120 patients (77 women,
43 men) treated from 1988 to 1997. A total of 388 implants (156 cpTi and 232 HA-coated) were
placed in the maxilla. There were 126 immediate (32.5%) and 262 (67.5%) nonimmediate implants.
Patients were evaluated annually. Mean follow-up was 60 ± 32.3 months. MBL was measured on radi-
ographs using the implant threads as the dimensional reference. MBL, complications, and 12-year sur-
vival and success rates were correlated with implant coating, time of implantation, implant dimen-
sions, and position in arch. Results: Total mean MBL was 1.07 ± 2.16 mm. MBL was significantly
lower with cpTi implants (0.55 ± 1.04 mm) compared to HA-coated implants (1.51 ± 2.71 mm) (P <
.001). No statistical difference in regard to MBL was found between immediate and nonimmediate
implants (0.86 ± 1.8 mm vs 1.16 ± 2.3 mm). The total 12-year survival rate was 91.4%. HA-coated
implants had a significantly higher 12-year survival rate than cpTi implants (93.2% vs 89%; P < .03).
Nonimmediate implants had a significantly higher failure rate (8.2%) than the immediate implants
(1.3%) (P < .009). No correlation was found between type of implant coating and late implant failure.
Discussion: Immediate implants can serve as a predictable option, providing higher survival and suc-
cess rates. HA-coated implants tended to fail less during the surgical phase, but had higher mean MBL
compared to cpTi implants. Conclusions: HA-coated implants had greater MBL than cpTi implants but
a higher 12-year survival rate. Immediate implants had a lower failure rate than the nonimmediate
implants in this study population. INT J ORAL MAXILLOFAC IMPLANTS 2005;20:238–244
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Osseointegrated endosseous implants have been
a successful modality for treating completely

and partially edentulous patients.1–4 The search for
improved biocompatibility has resulted in implants
fabricated from a variety of materials using different
designs, surface coatings, and textures. Implants
made from commercially pure titanium (cpTi) were
the first to achieve widespread acceptance. Bone
attaches to the implant surface through complex
interactions between the extracellular matrix tissues
and the titanium oxide layer formed when the met-
als are exposed to air or tissue fluids.5 Hydroxyap-
atite (HA) -coated implants were expected to have a
higher interfacial strength because of a direct chemi-
cal interaction at the bone-implant interface. How-
ever, the long-term success of HA-coated implants
remains a concern because of the absorption of HA
coatings.
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Thus, there is controversy in the dental literature
concerning the benefits of coating dental implants
with HA. Several studies have demonstrated the ben-
efits of HA coating, while others indicate that HA
coating could jeopardize the long-term survival of
dental implants.5–11

The purpose of this study was to compare the
marginal bone loss (MBL), complications, and 12-year
survival rates of HA-coated implants placed in the
maxilla compared with cpTi dental implants.

MATERIALS AND METHODS

The study group consisted of 120 patients (77
women, 43 men) who were treated between 1988
and 1997. Patients ranged in age from 16 to 72 years
(mean 50.6 ± 10.6 years). Only implants placed in the
maxilla were included in the study (HA-coated:
MicroVent; Zimmer Dental, Carlsbad, CA; cpTi:
ScrewVent; Zimmer Dental). All operations were per-
formed by 1 surgeon (DSA).

Oral examination and implantation protocols for
the immediate implantation (ie, placement in fresh
extraction sites) and nonimmediate implantation fol-
lowed those previously described by Schwartz-Arad
and colleagues.12–14 Preoperatively, panoramic radi-
ographs and computerized tomographic scans were
evaluated for bone shape (mesiodistal width and
vertical distance from vital structures) and bone
angulation. One hour before surgery, 1 g amoxicillin
and 8 mg dexamethasone were administered. For
penicillin-allergic patients, 0.5 mg erythromycin was
used. Amoxicillin or erythromycin was continued for
5 to 7 days postsurgery, and 4 mg/d dexamethasone
was administered for 2 additional days. A surgical
template determined the implant location. Where
locations were compatible with the location of an
extracted tooth, sockets were prepared with stan-
dard drills, using the bony walls as guides, with maxi-
mal use of bone apical to the extraction sockets. Sta-
bility was achieved either by placing the implant
beyond the root apex or by preparing implant
osteotomies beyond the socket walls. Small autoge-
nous bone chips (from bone adjacent to the implant
site or bur debris maintained in cold saline) were
grafted into the defect (when larger than 1.5 mm)
between the implant and the socket walls; no mem-
brane was used.

Nonimmediate implants were prepared accord-
ing to standard guidelines. The longest possible
implants were placed at the crestal ridge to achieve
maximal vertical bone preservation. Primary flap clo-
sure was achieved in all patients; a 2-stage protocol
was used.

Patients were evaluated annually; follow-up
ranged from 12 to 152 months (mean, 60 ± 32.3
months; median, 69 months).

One examiner (OM) measured the cervical vertical
MBL of each implant mesially and distally. Measure-
ments were calculated on 2 of the panoramic views
from each patient—one taken shortly after implant
placement, and 1 taken at the last follow-up (1 to 12
years postimplantation). MBL was measured on radi-
ographs using the implant threads as the dimen-
sional reference, a technique suggested by Haas and
associates.15 MBL was evaluated by subtracting the
bone level at the time of implant exposure from that
of the most recent follow-up. The number of threads
unsupported by bone at both the mesial and distal
sides of each implant was counted, and the higher
number was used for bone loss calculations. Manu-
facturers provided information regarding the pitch
of different implant systems.

Complications were divided into surgical12–14 and
postprosthetic categories. Postprosthetic complica-
tions were classified as minor (those that could be
treated with 0.5% chlorhexidine irrigation), major
(those that required surgical intervention), implant
fracture, or implant failure.

MBL, complications (surgical and postprosthetic),
and 12-year survival and success rates were corre-
lated with implant characteristics (coating and
length), time of implantation, and position in arch.

Criteria for success included a modification of the
criteria of Albrektsson and colleagues16; a maximum
bone loss of 0.2 mm/year, including the first year, was
allowed. The implant neck was omitted.17 Implants
were successful if they survived and met the success
criteria during the follow-up period.

Pearson chi-square analysis was used to test the
significance of differences between groups. A
Kaplan-Meier analysis as well as stepwise multiple
regression tests were used to calculate the CSR.
BMDP statistical software18 (SPSS, Chicago, IL) was
used for statistical analysis. Analysis of variance
(ANOVA) was used to examine correlations between
certain factors.

RESULTS

A total of 388 (156 cpTi and 232 HA-coated) implants
placed in the maxilla were examined (Fig 1). There
were 126 (32.5%) immediate and 262 (67.5%) nonim-
mediate implants. Table 1 shows implant locations in
the maxilla. Most of the implants (76%) replaced
missing incisors and premolars. Implant length
ranged from 7 to 16 mm (mean 13.9 ± 2.12 mm;
13.77 ± 2.1 mm and 14.08 ± 2.0 mm for HA-coated
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and cpTi implants, respectively). Implant diameter
ranged from 3.25 to 4.5 mm (mean 3.79 ± 0.4 mm;
3.76 ± 0.5 mm and 3.85 ± 0.3 mm for HA-coated and
cpTi implants, respectively). Implants were restored
by several prosthodontists after various waiting peri-
ods. Fixed ceramometal prostheses were the most
common type of prosthesis (93%) (Fig 2). A mean
MBL of 1.07 ± 2.16 mm was found for 220 implants.
For the remaining 168 implants, MBL could not be
measured because of artifacts in the panoramic radi-
ograph. Less MBL was observed around cpTi
implants compared to HA-coated implants (0.55 ±
1.04 mm vs 1.51 ± 2.71 mm; P < .001). In regard to
MBL, no statistically significant difference was seen
between immediate and nonimmediate (0.86 ± 1.8
mm vs 1.16 ± 2.3 mm) implants (P > .05). No statisti-
cal difference was found in regard to MBL between
augmented and nonaugmented implants.

A majority of the implants (64.3%) had no MBL.
Nearly all (99%) of the cpTi implants had MBL of 0 to
3 mm, compared with 84.1% of the HA-coated
implants. Only 1 cpTi implant had a MBL greater

than 3 mm, compared with 19 HA-coated implants
(Fig 3).

The total 12-year survival rate was 91.4%. HA-
coated implants had a higher 12-year survival rate
than the cpTi implants (93.2% vs 89%; P < .03),
respectively. The survival rate of the cpTi implants
declined rapidly at first (91.2% after 2 years), but after
2 years, it stabilized for the remainder of the follow-
up period. The survival rate of HA-coated implants
was stable for the first 4 years; it then declined rapidly
(Fig 4). The cumulative survival rates (CSRs) of the HA
and cpTi implants (Kaplan-Meier analysis) are pre-
sented in Table 2.

Surgical complications were divided into prema-
ture spontaneous implant exposure and implant fail-
ure (according to the criteria of Albrektsson and
coworkers16 as modified for this study). There were
46 (11.9%) premature spontaneous implant expo-
sures: 32 (8.2%) in HA-coated implants and 14 (3.6%)
in cpTi implants. Only 1 (0.3%) HA-coated implant
failed during the surgical phase compared to 12
(3.1%) cpTi implants (P < .001).

HA (3.25 mm)
HA (4.25 mm)
CpTi (3.75 mm)
CpTi (4.50 mm)
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30%

Fig 1 Implant distribution according to coating and diameter.
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Fig 2 Distribution of implants according to type of prosthesis
supported.
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Fig 3 Percentage of implants with marginal bone loss accord-
ing to implant type. 

Table 1 Distribution of Implants According to
Tooth Location

Tooth location No. of implants placed %

Incisor 114 29.5
Canine 54 13.9
Premolar 181 46.5
Molar 39 10.1
Total 388 100.0
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Premature spontaneous implant exposure occurred
more often with immediate implants compared to
nonimmediate implants (11.9% vs 22.2%) (P < .001).
Postprosthetic complications were found in 55
(14.2%) implants and included 15 minor complica-
tions, 16 major complications, 1 implant fracture, and
23 implant failures. Of the 55 postprosthetic compli-
cations, 48 (12.4%) involved nonimmediate implants
and 7 (1.8%) involved immediate implants (P < .003)
(Fig 5a). Forty-two (10.8%) of the complications in-
volved HA-coated implants, compared to only 13
(3.4%) that involved cpTi implants (P < .04) (Fig 5b).
Nonimmediate implants had a higher failure rate
(8.2%) than the immediate implants (1.3%) (P < .009).

The correlation between MBL and postprosthetic
complications was also examined. HA-coated

implants with MBL showed more clinical postpros-
thetic complications than cpTi implants with MBL (P
< .001) (Table 3). No correlation was found between
surgical and postprosthetic complications, types of
restorations (single crown, prosthesis, or overden-
ture), or postprosthetic complications. There were
more postprosthetic complications with HA-coated
nonimmediate implants than with cpTi nonimmedi-
ate implants (P = .029). No statistically significant
difference was found between HA-coated and cpTi
immediate implants in this respect, although the ten-
dency was the same. With cpTi implants, there were
more failures in the surgical phase (P < .01); signifi-
cance decreased with immediate cpTi implants (P <
.06). Figure 6 depicts the postprosthetic implant fail-
ures according to implant type.
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Fig 4 Survival rates for HA-coated and cpTi implants. 
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Fig 5a Percentage of postprosthetic complications (out of all
complications) according to time of implantation (immediate vs
nonimmediate).
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Fig 5b Percentage of postprosthetic complications (out of all
complications) (HA-coated vs cpTi).

Table 2 Cumulative Survival Rates of HA-coated
and CpTi Implants (Kaplan-Meier Analysis)

Cumulative survival rate (%)

Years HA-coated CpTi Total

0 to 1 99.0 94.1 96.9
2 to 3 98.4 90.6 95.3
4 to 6 93.5 89.0 93.9
6 to 12 71.9 88.1 77.4
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Stepwise multiple regression tests demonstrated
that among the different parameters (eg, implant
coating, length, place in arch, time of implantation),
implant length was the most important factor for
implant success (P < .002).

DISCUSSION

While the use of HA-coated endosseous implants has
gained in popularity over the past 15 years, the
short- and long-term predictability and indications
for their use remain controversial. Faster osseous
adaptation has been demonstrated with HA-coated
implants.19–21 A direct bone-implant interface also
has been observed, even when HA-coated implants
are immediately loaded.22–24 However, routine use of
HA-coated implants has been questioned because of
the lack of documented long-term (ie, more than 10
years) success rates. In the present study, the use of
HA-coated and cpTi dental implants after up to 12
years of follow-up was reported.

MBL was less with the cpTi implants than with the
HA-coated implants. The average MBL of the HA-
coated implants was 1.51 mm, which is comparable
to the values reported by others.25–27 In a recent
study,28 the mean marginal bone change of HA-
coated implants was 1.16 mm at 12 months.
Although there was continuous MBL around the
implants early in that study, there was no significant
marginal bone change after 6 months (P > .05). In the
authors’ opinion, there was probably bone stabiliza-
tion around the dental implants after the first 6
months following implantation.

In the current study, HA-coated implants had a
higher 12-year survival rate and tended to fail less
during the surgical phase than cpTi implants. These
findings reinforce a previous report with less follow-
up.29 The results of the present study indicated that
bone stabilization may occur with cpTi implants only.
HA-coated implants followed a different MBL pat-
tern—insignificant MBL during the first 4 years, fol-
lowed by rapid bone loss.

No statistical difference was found in regard to
MBL between immediate and nonimmediate im-
plants, which indicated that immediate implants
could serve as a predictable treatment option in
appropriate cases (in this patient population). Imme-
diate implants not only had higher survival rates
than nonimmediate implants; they also had success
rates (based on MBL) similar to those for nonimmedi-
ate implants. Schwartz-Arad and associates14,30 theo-
rized that improved bone-to-implant contact with
immediate implants is the result of the presence of
periodontal cells that remain at the coronal area and
the existence of denser bone compared to edentu-
lous areas where disuse atrophy occurs.

Premature spontaneous implant exposure and
postprosthetic complications were more frequent for
HA-coated implants than in cpTi implants. Johnson31

reported complications associated with HA-coated
implants and suggested that HA coatings were more
susceptible to bacterial infection and rapid osseous
breakdown; however, this issue remains controversial.

Premature spontaneous implant exposure
occurred more often in the present study with the
immediate and wide implants compared to nonim-
mediate and narrow implants. However, it is not con-
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Fig 6 Percentage of postprosthetic implant failures shown by
years of follow-up and type of implant (HA-coated or cpTi).

Table 3 Correlations Between Postprosthetic
Complications, Implant Coating, and MBL (2-way
ANOVA)

Mean
Complications MBL (mm) SD n

HA-coated
Yes 0.75 1.66 94
No 4.23 3.84 26
Total 1.51 2.71 120

CpTi
Yes 0.56 1.06 94
No 0.30 0.50 6
Total 0.55 1.04 100

Total
Yes 0.66 1.40 188
No 3.49 3.79 32
Total 1.07 2.16 220
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sidered a complication and does not necessarily lead
to implant failure.32 There is still controversy about
the need for primary closure and 2-stage procedures
in dental implantation.33

The relatively high implant success rate in this
long-term study was comparable to that reported in
other delayed and immediate loading studies (85%
to 97%).4,34–38 HA coating did not appear to produce
any negative effect on overall implant performance.

In the present study, implant length was the most
important factor in success, which is in agreement
with other studies1,39-42 that indicate the importance
of longer implants for long-term success. There are 2
hypotheses for the possible mechanism for success
of long implants. First, the length creates better sta-
bility to influence the resistance of an implant to 
the occlusal forces. This causes less vibration in the
implant neck and leads to less MBL. Second, the
longer an implant, the shorter the clinical crown, thus
improving the crown/implant ratio and decreasing
the amount of occlusal force on an implant.12,43

CONCLUSIONS

HA-coated implants had greater MBL but a higher
12-year survival rate compared to cpTi implants in
this patient population. Immediate implants had a
lower failure rate than the nonimmediate implants.
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