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Changes in Crestal Bone Levels for Immediately
Loaded Implants

Roy H. Yoo, DMD1/Sung-Kiang Chuang, DMD, MD2/Mohammed S. Erakat, DMD3/
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Purpose: The authors’ objective was to measure crestal bone level change in subjects with immedi-
ately loaded implants and to identify risk factors associated with changes in bone level. Materials and
Methods: A retrospective cohort study design was used. The sample comprised subjects who had had
endosseous implants placed and immediately loaded between July 2001 and July 2003. Demo-
graphic, health status–related, anatomic, implant-specific, prosthetic, and surgical variables were
examined. The primary outcome variable was change in crestal bone level over time. Appropriate uni-,
bi-, and multivariate statistics were computed. Results: The sample comprised 174 subjects who
received 347 immediately loaded implants. The mean duration of radiographic follow-up was 6.9 ± 4.0
months, respectively. Mean changes in radiographic bone level were –0.5 mm and –0.6 mm on the
mesial and distal surfaces, respectively, after a mean of 6.9 months of radiographic follow-up. Using
least squares methods, it was estimated that radiographic bone levels would be –1.0 mm and –0.8
mm on the mesial and distal surfaces, respectively, at 12 months. The multivariate model revealed
that radiolucency at or adjacent to implant site was associated with an increased risk of crestal bone
loss (odds ratio, 1.88; 95% CI, 1.00 to 3.60). Twelve months after placement, 92.5% of implants had
had ≤ 1.5 mm of crestal bone loss. Discussion: The results of this study were comparable to the
results of other studies comparing immediate loading to delayed loading. Further research to estimate
long-term changes in crestal bone loss and to identify risk factors for bone loss with immediate loading
is recommended. Conclusion: This study suggests that crestal bone level changes with immediately
loaded implants were within the recommended range for 92.5% of the evaluated implants. The
mandible showed a higher risk for crestal bone loss compared to the maxilla. INT J ORAL MAXILLOFAC
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To ensure successful osseointegration of dental
implants, a standard treatment recommendation

has been to avoid loading implants for 3 to 6 months
after placement.1,2 The rationale for delayed loading
was that premature loading could result in fibrous
tissue encapsulation rather than bone regenera-
tion.3,4 Functional loading immediately after implant
placement can result in micromotion of the implant.
According to Brunski,5 micromotion of more than
100 µm should be avoided, since this could cause the
wound to undergo fibrous repair instead of osseous
regeneration. The required duration of undisturbed
healing, however, was empirically based and has not
been verified experimentally.6

Recently, the concept of loading implants immedi-
ately after placement has become increasingly popu-
lar. According to 1 source, an implant is considered
“immediately loaded” if full occlusal load is placed on
the implant through a fixed or removable prosthesis,
provisional or permanent, within 72 hours after
placement.7 Several investigators have reported that
immediately loaded implants, placed in good quality
bone, were clinically equivalent to implants man-
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aged using a standard or delayed loading proto-
col.8–10 Benefits of immediate implant loading
include shortened overall treatment time and reduc-
tion in the number of surgical sessions. Furthermore,
the patient is provided with a fixed provisional pros-
thesis immediately after implant placement. The
theoretical cost is increased risk of implant failure.

In addition to osseointegration, other criteria used
to evaluate implant success include lack of mobility,
absence of persistent infection, lack of pain, and
absence of peri-implant radiolucency.11–13 One crite-
rion for success includes changes in crestal bone lev-
els, ie, mean crestal bone loss of ≤ 1.5 mm in the first
year of function and < 0.2 mm annually in subse-
quent years.11,12 Factors hypothesized to be associ-
ated with crestal bone loss include surgical trauma
upon the periosteum and bone,14 the size of the
microgap between the implant and the abutment,15

bacterial colonization of the implant sulcus,16 biolog-
ical width,17 and biomechanical factors related to
loading.18 

The purpose of this study was to measure
changes in crestal bone levels over time and to iden-
tify risk factors associated with increased rates of
bone loss in a sample of subjects with immediately
loaded implants. It was hypothesized that the rate of
bone loss in the first 12 months after implant place-
ment for immediately loaded implants would be <
1.5 mm. Furthermore, it was hypothesized that there
would be at least 1 risk factor associated with
increased rates of crestal bone loss and that this fac-
tor would be something the clinician could modify
to enhance the outcome. The specific primary aim of
this study was to measure mesial and distal crestal
bone levels immediately after implant placement
and longitudinally until the subjects’ last visit or
implant removal. Secondly, the aim was to identify
risk factors associated with increased rates of crestal
bone loss using multivariate modeling techniques.

MATERIALS AND METHODS 

Study Design and Sample
Using a retrospective cohort study design, a sample
was derived from the population of subjects who
had Bicon implants (Bicon, Boston, MA) placed by
practitioners at the Implant Dentistry Centre at
Faulkner Hospital (IDC-FH), Boston, Massachusetts,
between July 2001 and July 2003. All subjects who
had implants placed and immediately loaded were
eligible for inclusion in the study. Implants were
defined as “immediately loaded” if a functional, fixed
provisional prosthesis was placed on the implant on
the same day as implant placement. Exclusion crite-

ria included insufficient documentation in the clini-
cal record or insufficient imaging, ie, lack of digital
imaging.

Study Variables
The predictor variables, ie, clinical exposures or clini-
cal risk factors, have been reviewed in detail else-
where14,19 and are briefly summarized here. The 
predictor variables were grouped into the following
categories:

• Demographics: These included the subject’s age
and gender at the time of implant placement.

• Health Status: Current tobacco use status and
medical conditions associated with wound heal-
ing were recorded.

• Anatomy: The anatomic variables included (1)
implant location, ie, maxilla or mandible, anterior or
posterior; (2) dentition status, ie, partially or fully
edentulous; (3) bone quality (types 1 to 4); and (4)
implant relationship to other dentoalveolar struc-
tures.20 Bone quality was determined at the time of
implant placement upon examination of the con-
tents of the flutes of a 3.5-mm reamer extracted
from the osteotomy. Type 1 bone was defined as
compact, nearly bloodless bone that completely
filled the flutes of the reamer. Bone quality was
classified as type 4 when little or no bone filled the
flutes of the reamer. Intermediate grades were clas-
sified as either type 2 or type 3 bone. The number
of root canal–treated teeth at an implant site, num-
ber of teeth with periapical radiolucencies adja-
cent to an implant, and location of any previous
root canals were also recorded.

• Implant-Specific Variables: These variables
included implant diameter (3.5 to 6 mm), implant
length (5.7 to 11 mm), well size (2 to 3 mm), and
implant coating (grit-blasted acid etched, titanium
plasma sprayed [TPS], hydroxyapatite [HA]).

• Prosthetic Variables: The primary prosthetic vari-
able was the total size of the prosthesis, which
was defined by the number of units (implants,
natural teeth, and pontics) in the span of the pros-
thesis. This variable was subdivided into 3 cate-
gories: (1) total number of natural teeth involved
within the span of the temporary prosthesis, (2)
the total number of pontic units within the span
of the temporary prosthesis, and (3) the total
number of implants supporting the temporary
prosthesis.

• Surgical Variables: Surgical variables included the
use of dentoalveolar reconstructive procedures to
enhance the recipient site (eg, autologous or allo-
geneic bone grafting, sinus lifting, or barrier mem-
branes) and the timing of implant placement rela-
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tive to tooth extraction. Implant placement timing
was classified based on the time when the implant
was placed in relation to tooth extraction. There
were 3 categories: (1) “immediate,” defined as
implant placement at the time of extraction; (2)
“early delayed,” defined as implant placement 6 to
8 weeks after tooth extraction, and (3) “prolonged
delayed,”defined as implant placement ≥ 3 months
after tooth extraction.

For each implant, the date of implant placement,
dates of follow-up visits, dates of all radiographs
obtained, and date of implant removal (if applicable)
were recorded.

The primary outcome variable, which was a con-
tinuous variable, was change in crestal bone level
over time relative to immediate postoperative status.
Change in crestal bone level was measured in mil-
limeters by comparing the immediate postoperative
radiographs to the most recent radiographs available
for review. A negative number implied bone loss over
time. A positive number suggested an increase in
bone levels over time. The secondary outcome vari-
able was binary and was defined as change in bone
levels ≤ 1.5 mm during the first year or > 1.5 mm dur-
ing the first year.

Changes in bone levels over time were estimated
by direct measurements on nonstandardized, digital
periapical radiographs by 2 examiners (RHY and
MSE). Magnification was not a known or repeatable
factor for intraoral images in this study. To make cali-
brated measurements, an object of known size, eg,
an implant, must be placed in the image in the same
plane as the area to be measured. The length (mm)
of the implant was measured on the digital radi-
ographs from the implant-abutment interface to the
apex of the implant (Fig 1). Next, the distance
between the observed crestal bone level and the
implant-abutment interface was measured at the
mesial and distal implant sur faces. The actual
implant length was known based on manufacturing
standards. To adjust the measurements for magnifi-
cation error, the following equation was used to
determine the corrected crestal bone levels: Cor-
rected crestal bone level = Measured crestal bone
level � (actual implant length ÷ measured implant
length).

Data Analysis 
A database was created using Microsoft Excel
(Microsoft, Redmond,WA). SAS PC version 8 (2001) (SAS
Institute, Carey, NC) statistical software was used for
data and statistical analysis. Descriptive statistics were
computed for all study variables. Kaplan-Meier analysis
was computed for time-to-event (survival) data.21

For the purpose of estimating changes in bone
levels at 12 months, bone level changes for all
implants were plotted on a graph. A line that best fit
using the least squares method across the scattered
plot was drawn and extrapolated linearly to estimate
the bone level changes at 12 months and associated
95% confidence intervals were computed.

Some subjects had more than one implant, pro-
ducing correlated observations. To adjust for clus-
tered, correlated observations, generalized estimat-
ing equations (GEE) regression analysis was applied
to identify risk factors associated with crestal bone
loss. Potential risk factors for increased crestal bone
loss were identified using the bivariate GEE regres-
sion model and were considered potential predictor
variables if P ≤ .15. Variables meeting this criterion
were included in the multivariate clustered GEE
regression model to identify variables statistically
associated (P ≤ .05) with the outcome in addition to
the 3 biologic important predictors: age at implant
placement, gender, and radiographic follow-up time.

To determine intraexaminer reliability, each exam-
iner measured and remeasured a set of 25 random
implants. The measurements were made 2 months
apart. To determine interexaminer reliability, each
examiner measured the set of 25 random implants
that was measured by the other examiner. Kappa sta-
tistics were used to compute intra- and interexaminer
reliability. The intraexaminer kappa coefficients were
0.84 and 0.92 (excellent agreement). The interexam-
iner kappa coefficient was 0.76 (excellent agreement).

Actual implant length = 8.0 mm

Direct radiographic measure of
crestal bone on mesial surface
= –0.5 mm
Implant-abutment surface

Direct radiographic measure of
crestal bone on distal surface =
–1.3 mm
Direct radiographic measure of
implant length = 8.4 mm

Correction for magnification error:
Corrected crestal bone level = measured bone level � (actual
implant length/measured implant length).

Corrected crestal bone level on distal surface = –1.3 mm � (8.0
mm/8.4 mm) = –1.2 mm.

Corrected crestal bone level on mesial surface = –0.5 mm � (8.0
mm/8.4 mm) = –0.5 mm.

Fig 1 Direct measurements on a Bicon immediately loaded
implant using a nonstandardized digital periapical radiograph.
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RESULTS

Between July 2001 and July 2003, 229 subjects had
478 immediately loaded implants placed. Fifty-five
subjects (24.0%) having 131 (27.4%) implants placed
were excluded because of inadequate imaging or
incomplete preoperative or follow-up information.
The final sample was composed of 174 subjects with

Table 1 Descriptive Statistics 

Variable n or k %

Gender (n = 174)
Male 90 51.7
Female 84 48.3

Tobacco use
Yes 15 8.7
No 158 91.3

Anatomic
Jaw location (k = 347)

Maxilla 282 81.3
Mandible 65 18.7

Anteroposterior location (k = 347)
Anterior 183 52.7
Posterior 164 47.3

Jaw and anteroposterior location (k = 347)
Anterior maxilla 156 45.0
Posterior maxilla 124 35.7
Anterior mandible 28 8.1
Posterior mandible 39 11.2

Dentition status (k = 347)
Partially edentulous 323 93.1
Completely edentulous 24 6.9

Bone quality (n = 118)
Type 1 5 4.2
Type 2 13 11.0
Type 3 44 37.3
Type 3–4 3 2.5
Type 4 53 44.9

RCT tooth at implant site (k = 242) 106 43.8
Implant site adjacent to RCT teeth (k = 347)

None 270 77.8
1 61 17.6
2 16 4.6

Radiolucency at or adjacent to implant site (k = 347)
None  295 85.0
Implant site 22 6.3
Adjacent tooth 19 5.5
Implant site and adjacent tooth 11 3.2

Implant-specific    
Implant diameter (k = 347)

3.5 mm 28 8.1
4.0 mm 31 8.9
4.5 mm 133 38.3
5.0 mm 131 37.8
6.0 mm 24 6.9

Implant length (k = 347) 
5.7 mm 8 2.3
8 mm 251 72.3
11 mm 88 25.4

Implant coating (k = 346)
Grit-blasted acid etched 7 2.0
TPS 25 7.2
HA 314 90.8

Implant well size (k = 347)
2 mm 59 17.0
3 mm 288 83.0

Table 1 Descriptive Statistics, continued

Variable n or k %

Prosthetics*
Total units (k = 347)

2 1 0.3
3 113 32.6
4 66 19.0
5 37 10.7
6 69 19.9
7 5 1.4
8 25 7.2
9 9 2.6
10 11 3.2
11 5 1.4
12 3 0.9
13 3 0.9

Natural teeth† (k = 347)
0 38 11.0
1 48 13.8
2 258 74.4
3 3 0.9

Pontics (k = 347)
0 304 87.6
1 21 6.1
2 10 2.9
3 10 2.9
4 2 0.6

Implants (k = 347)
1 106 30.6
2 73 21.0
3 51 14.7
4 60 17.3
5 5 1.4
6 4 1.2
7 7 2.0
8 23 6.63
9 9 2.6
10 5 1.4
11 1 0.3
13 3 0.9
Dentoalveolar reconstruction procedure at implant site (k = 347)

Yes 39 11.2
No 308 88.8

Timing of implant placement (k = 347)
Immediate 306 88.2
Early delayed 17 4.9
Prolonged delayed 24 6.9

*No. of implants, natural teeth, and pontics within the span of the
prosthesis.
†No. within the span of the prosthesis.
k = no. of implants; RCT = root canal–treated.
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347 implants placed and loaded on the same day.
The mean duration of clinical follow-up time was 9.8
months ± 5.4 months (range, 0.1 to 24.6 months). The
mean duration of radiographic follow-up time was
6.9 ± 4.0 months (range, 0.4 to 18.4 months).

Demographic study variables are summarized in
Table 1. The mean age of the subjects ± SD at the
time of implant placement was 53.9 ± 15.8 years
(range, 15 to 86 years; 51.7% men and 48.3%
women). Tobacco use was reported by 8.7% of sub-
jects. The majority of implants were placed in the
maxilla (81.3%), and more than half were placed in
an anterior position (52.7%). Most implants (93.1%)
were placed in partially edentulous subjects, while
6.9% were placed in fully edentulous subjects. Most
implants were placed in either type 3 (37.3%) or type
4 (44.9%) quality bone. Almost half (43.8%) of the

implant sites were at tooth locations that were previ-
ously root canal–treated, and 22.2% of implant sites
were adjacent to at least 1 root canal–treated tooth.
Of the 347 implants placed, most implants (85.0%)
did not have a periapical radiolucency adjacent to an
implant site. The mean survival time of the implants
was 9.4 ± 5.4 months (range, 0.1 to 24.6 months).
Three hundred twenty-three implants survived, for a
survival rate of 93.1%.

Table 2 summarizes the changes in crestal bone
levels over time. Overall, 67.8% of implants had evi-
dence of crestal bone loss during the study period.
On average, 51.2% and 55.1% of implants lost bone
on the mesial and distal surfaces, respectively. Overall,
the mean changes in radiographic bone levels were
–0.5 ± 1.5 mm and –0.6 ± 1.4 mm on the mesial and
distal implant surfaces, respectively. Five implants

Actual implant length = 11.0 mm

Radiographic measure of
implant length = 12.4 mm

Radiographic measure of 
crestal bone on mesial surface
= –2.3 mm

Correction for magnification error:
Corrected crestal bone level on mesial surface = –2.3 mm � (11.0
mm/12.4 mm) = –2.0 mm.

Fig 2a Measurement of crestal bone level at time of implant
placement. Transitional shouldered abutment during immediate
loading of implant.

Actual implant length = 11.0 mm

Radiographic measure of
implant length = 13.5 mm

Radiographic measure of cre-
stal bone on mesial surface =
0.0 mm

Correction for magnification error:
Corrected crestal bone level on mesial surface = 0.0 mm � (11.0
mm/13.5 mm) = 0.0 mm.

Fig 2b Measurement of crestal bone level 10 months after
implant placement. Final restoration with an integrated abutment
crown.

Table 2a Changes in Crestal Bone Levels Over Time

k %

Bone loss on mesial surface (k = 299) 153 51.2
Bone loss on distal surface (k = 292) 161 55.1
Bone loss on mesial or distal surface (k = 292) 198 67.8
Success rate on binary outcome scale 321 92.5
(bone loss ≤ 1.5 mm at 12 months) (k = 347)
Failure rate on binary outcome scale 26 7.5
(bone loss > 1.5 mm at 12 months) (k = 347)

Table 2b Change in mm in Radiographic Bone Level and 
Estimated Crestal Bone Loss at 12 Months

Mean SD Range 95 % CI

Mean change on mesial surface (k = 299) –0.5 1.5 –6.0 to 3.6
Mean change on distal surface (k = 292) –0.6 1.4 –5.8 to 1.9
Estimated crestal bone loss at 12 mo*

Mesial (k = 299) –1.0 0.4 –1.8, –0.3
Distal (k = 292) –0.8 0.3 –1.4, –0.1

* Estimated using least squares method.
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gained > 2 mm of bone on the mesial surface (see
Figs 2a and 2b for examples of bone gain). Based on
the least squares method, the estimated changes in
crestal alveolar bone at 12 months on the mesial and
distal surfaces were –1.0 ± 0.4 mm (95% CI, –1.8, –0.3)
and –0.8 ± 0.3 mm (95% CI, –1.4, –0.1), respectively.
During the first 12 months, 321 (92.5%) immediately
loaded implants lost ≤ 1.5 mm of crestal bone, the
level of bone loss required for success according to
the criteria of Albrektsson and associates.11

Table 3 summarizes bivariate clustered GEE analy-
ses used to identify association between individual
study variables and crestal bone loss measured in

millimeters. Gender (P = .07), dentition status (P =
.07), and radiolucency at or adjacent to implant site
(P = .04) were considered candidate variables for
inclusion in a multivariate model. In the adjusted
multivariate model (Table 4), radiolucency at or adja-
cent to implant site (OR, 1.88; 95% CI, 1.00 to 3.60; P =
.05) and radiographic follow-up time in months (OR,
1.07; 95% CI, 1.01 to 1.15; P = .04) were statistically
associated with crestal bone loss.

Table 5 summarizes bivariate clustered GEE analy-
ses used to identify associations between individual
study variables and crestal bone loss categorized as a
binary variable, ie, ≤ or > 1.5 mm at 12 months.
Implant location (maxilla or mandible) (P = .01), radi-
olucency at or adjacent to implant site (P = .14), and
total natural teeth (P = .13) were considered candi-
date variables for inclusion in this multivariate
model, as well as age and gender, which were impor-
tant biologic variables. In the adjusted multivariate
model (Table 6), implant location, ie, mandible versus
maxilla, was statistically associated with crestal bone
loss > 1.5 mm at 12 months (OR = 4.26; 95% CI, 1.70
to 10.68; P = .002). This finding suggests that, holding
all other variables constant, implants placed in the
mandible are 4.26 times more likely to experience
crestal bone loss greater than 1.5 mm during the first
year after immediate loading when compared to
implants placed in the maxilla.

DISCUSSION

The early investigations of Brånemark led to the
establishment of an osseointegration protocol rec-
ommending a load-free postoperative healing
period of 3 to 4 months for the mandible and 4 to 6
months for the maxilla.22 The concept of unloaded
healing has been challenged during recent years.
Modifications of implant shape and surface charac-
teristics have suggested that it may be possible to
restore implants predictably and safely with shorter
healing times.23

Crestal bone loss in this study was within the gen-
erally accepted conventional limits for standard
delayed loading protocols. Mean crestal bone loss of
0.9 to 1.6 mm during the first year of function24–26

for the delayed loading protocol has generally been
considered acceptable, ie, successful. A 15-year study
reported by Adell and associates27 indicated that
alveolar bone loss during the first year after abut-
ment connection averaged 1.2 mm and 0.1 mm
annually afterward for both the mandible and the
maxilla. Several other studies using the delayed load-
ing protocol have produced similar results. A retro-
spective study using submerged Brånemark System
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Table 3 Bivariate Analysis of Factors Associated
with Changes in Bone Levels (in mm) 

n or k P

Demographic variables
Mean age 174 .59
Gender (Female) 174 .07

Health-status variables
Tobacco use 173 .77

Anatomic variables
Jaw 347 .46
Location 347 .71
Dentition status 347 .07
Bone quality 118 .72
RCT tooth at implant site 242 .76
Implant site adjacent to RCT tooth 347 .37
Radiolucency at or adjacent to implant site 347 .04

Implant-specific variables
Diameter 347 .22
Length 347 .66
Coating 346 .43
Well size 347 .80

Prosthetic variables
Total units 347 .53
Total natural teeth 347 .36
Total pontic units 347 .49
Total implant units 347 .63

Surgical variables
Augmentation 347 .54
Timing of implant placement 347 .91

Table 4 Multivariate Clustered GEE Regression
Model (Adjusted) Associated with Changes in Bone
Levels (in mm)

Exposure OR estimate 95% CI P

Age (per year increase) 1.00 0.99 to 1.02 .88
Gender (female) 1.55 0.91 to 2.64 .10
Dentition status 0.50 0.24 to 1.05 .07
(fully edentulous)
Radiolucency at or 1.88 1.00 to 3.60 .05
adjacent to implant site
Radiographic follow-up time 1.07 1.01 to 1.15 .04
(per month increase)

OR = odds ratio.
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implants (Nobel Biocare, Göteborg, Sweden)
reported a mean annual bone loss of 0.8 mm after 1
year in function and 0.1 mm during the second
year.28 Bragger and colleagues reported a median
bone loss of 0.7 mm for both the mesial and distal
surfaces using nonsubmerged implants (Straumann,
Waldenburg, Switzerland).29

Several studies have reported comparing crestal
bone loss using the immediate loading protocol to
delayed loading. Schnitman and colleagues30 found
no difference in bone level changes over a 7-year
period between immediately loaded and submerged
adjacent implants. Two other studies also found no
significant differences between the 2 groups. In a
prospective study comparing 39 delayed and 39
immediately loaded implants with overdentures
using the Brånemark System, Chiapasco and associ-
ates31 reported a median bone loss of 0.7 mm after
12 months and 1.5 mm after 24 months for immedi-
ately loaded implants. Median bone loss after 12 and
24 months for delayed loading was 0.8 mm and 1.2
mm, respectively.31 In another comparison study of
88 immediately loaded implants and 30 implants
loaded after a delay by Randow and colleagues,
mean bone losses of 0.4 mm for immediate loading
and 0.8 mm for delayed loading over an 18-month
follow-up period were reported.32 The most likely
explanation for this difference was that a more repro-
ducible radiographic technique was used for the
immediately loaded implants.31 However, 1 study did
find a significant difference between immediately
loaded and unloaded implants. In a prospective
study evaluating 14 immediately loaded Frialit-2 (Fri-
adent, Mannheim, Germany) implants and 28
unloaded implants, mean values of bone level
changes 6 months postoperatively were 0.9 mm and
0.33 mm, respectively.33 The changes in crestal bone
level after immediate loading using the Bicon
implant system appear to be comparable to immedi-
ate loading using other implant systems.

Multivariate analysis of crestal bone loss mea-
sured in millimeters suggested that radiolucencies at
or adjacent to implant sites increase the risk of cre-
stal bone loss. Implant sites with radiolucencies may
be sites of periodontal pathogens that may infect or
contaminate the implant sites. More studies are
needed to determine the correlation between this
variable and increased risk for crestal bone loss.

When crestal bone loss was treated as a binary
outcome variable, the results suggested that the
mandible has a higher risk for crestal bone loss adja-
cent to immediately loaded implants during the first
year when compared to the maxilla. Past studies
have shown greater bone loss in the maxilla using
the delayed loading protocol.34 In this study, the

majority of immediately loaded implants (80.7%)
were placed in the maxilla. Case selection is an
important factor for the success of immediately
loaded implants. Further studies are needed to deter-
mine the correlation between jaw and increased risk
for bone loss.

The findings of this study revealed a range of –6.0
mm to 3.6 mm of change in radiographic bone level
on the mesial implant surface and a range of –5.8 mm
to 1.9 mm on the distal implant surface. A clinical
study of 310 Astra dental implants (Mölndal, Sweden)
placed in the edentulous mandible showed that male
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Table 5 Bivariate Analysis of Factors Associated
with Estimated Changes in Bone Levels > 1.5 mm
at 12 mo 

n or k P

Demographic variables
Mean age 174 .99
Gender (Female) 174 .46

Health-status variables
Tobacco use 173 .17

Anatomic variables
Jaw location 347 .01
Anteroposterior location 347 .34
Dentition status 347 .28
Bone quality 118 .72
RCT tooth at implant site 242 .67
Implant site adjacent to RCT tooth 347 .28
Radiolucency at or adjacent to implant site 347 .14

Implant-specific variables
Diameter 347 .52
Length 347 .38
Well size 347 .17

Prosthetic variables
Total units 347 .55
Total natural teeth 347 .13
Total pontic units 347 .39
Total implant units 347 .21

Surgical variables
Augmentation 347 .52
Timing of implant placement 347 .47

Table 6 Multivariate Clustered GEE Regression
Model (Adjusted) Associated with Changes in Bone
Levels > 1.5 mm at 12 mo

Exposure OR estimate 95% CI P

Age (per year increase) 1.00 0.97 to 1.03 .98
Gender (female) 1.55 0.62 to 3.88 .35
Implant location (mandible) 4.26 1.70 to 10.68 .002
Radiolucency at or 2.10 0.78 to 5.59 .14
adjacent to implant site
Total natural teeth 1.81 0.89 to 3.65 .10
(per unit increase)
Radiographic follow-up time 0.95 0.87 to 1.04 .24
(per month increase)

OR = odds ratio.
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subjects gained 0.1 mm of bone at 1 year after abut-
ment connection.35 In this study, 5 (1.7%) implants
gained ≥ 2 mm of bone on the mesial surface.

The clinical failure rate (explantation) of almost
7% was based on the Kaplan-Meier analysis. The
absolute “failure rate,” ie, the percentage of implants
that had > 1.5 mm of bone loss at 1 year, was 7.5%.
Since Albrektsson criteria were more strict in terms
of success and the Kaplan-Meier analysis accounted
for the overall survival time, which could be more
than 1 year of the follow-up, it makes sense that the
absolute failure rate would be higher than the clini-
cal failure rate.

Study limitations include the retrospective design,
the use of a single center for implant placement, and
missing records or incomplete information. Retro-
spective cohort studies rely on complete data
entered into the patient’s history. Retrospective
cohort studies have less validity than randomized
prospective clinical trials because of the possibility of
selection bias and confounding factors. In this study,
the radiographs were read consistently by 2 examin-
ers. All of the radiographs were digitized and cali-
brated, which may have resulted in magnification
errors. To ensure the reliability of the radiographic
measurements, kappa statistics were computed.
Another limitation of this study was the different
time points at which the subjects returned for radio-
graph follow-up. This made it difficult to standardize
the absolute amount of crestal bone loss for compar-
ison at specific time points.

CONCLUSION

This study measured crestal bone level changes in
immediately loaded implants and identified risk fac-
tors associated with increased risk for bone loss.
Results suggest that crestal bone loss in immediate
loading using the Bicon implant system may be com-
parable to crestal bone loss in immediate loading
using other implant systems. In this study, 92.5% of
evaluated implants met Albrektsson and associates’
criterion regarding bone loss,11 and the mandible
showed a higher risk for crestal bone loss when com-
pared to the maxilla.

ACKNOWLEDGMENTS

The authors would like to acknowledge the clinicians and support
staff of the Implant Dentistry Centre, Faulkner Hospital, Boston,
Massachusetts, and Bicon Dental Implants, Boston, Massachu-
setts, for their cooperation in this study and unrestricted access
to patient records. The authors would also like to acknowledge
and the support of the computing facilities at the Harvard School
of Public Health for access to statistical software. This project
was supported by the Oral and Maxillofacial Surgery Foundation
Clinical Investigation Fellowship (SKC), the National Institutes of
Health-National Institute of Dental and Craniofacial Research
Mid-career Investigator Award K24 DE000448 (TBD), and the
Department of Oral and Maxillofacial Surgery Education and
Research Fund (RHY, SKC, MSE, TBD).

REFERENCES

1. Brånemark P-I, Hansson BO, Adell R, et al. Osseointegrated
implants in the treatment of the edentulous jaw. Experience
from a 10-year period. Scand J Plast Reconstr Surg 1977;16
(suppl):1–132.

2. Calvo M, Muller E, Garg AK. Immediate loading of titanium
hexed screw-type implants in the edentulous patient: Case
report. Implant Dent 2000;9:351–355.

3. Albrektsson T, Hansson T, Lekholm U. Osseointegrated dental
implants. Dent Clin North Am 1986;30:151–174.

4. Albrektsson T, Brånemark P-I, Hansson HA, Lindstrom J.
Osseointegrated titanium implants. Requirements for ensur-
ing a long-lasting, direct bone to implant anchorage in man.
Acta Orthop Scand 1981;52:155–170.

5. Brunski JB. Biomechanical factors affecting the bone-dental
implant interface. Clin Mater 1992;10:153–201.

6. Szmukler-Moncler S, Salama S, Reingewirtz Y, Dubruille J-H.
Timing of loading and effect of micro-motion on bone-
implant interface: A review of experimental literature. J Bio-
med Mater Res 1998;43:193–203.

7. Ibanez JC, Jalbout ZN. Immediate loading of Osseotite
implants: Two-year results. Implant Dent 2002;11:128–134.

8. Piattelli A, Corigliano M, Scarano A, et al. Immediate loading of
titanium plasma-sprayed implants: An histologic analysis in
monkeys. J Periodontol 1998;69:321–327.

9. Chiapasco M, Gatti C, Rossi E, Haefliger W, Markwalder TH.
Implant-retained mandibular overdentures with immediate
loading: A retrospective multicenter study on 226 consecutive
cases. Clin Oral Implants Res 1997;8:48–57.

10. Gatti C, Haefliger W, Chiapasco M. Implant-retained mandibu-
lar overdentures with immediate loading: A prospective study
of ITI implants. Int J Oral Maxillofac Implants 2000;15:383–388.

11. Albrektsson T, Zarb GA, Worthington P, et al.The long-term
efficacy of current used dental implants. A review and pro-
posed criteria of success. Int J Oral Maxillofac Implants
1986;1:11–25.

12. Smith DE, Zarb GA. Criteria for success of osseointegrated
endosseous implants. J Prosthet Dent 1989;62:567–572.

13. Buser D, Weber HP, Lang NP.Tissue integration of non-sub-
merged implants. 1-year results of a prospective study with
100 ITI hollow-cylinder and hollow-screw implants. Clin Oral
Implants Res 1990;1:33–40.

14. Gomez-Roman G. Influence of flap design on peri-implant
interproximal crestal bone loss around single-tooth implants.
Int J Oral Maxillofac Implants 2001;16:61–67.

260 Volume 21, Number 2, 2006

Yoo et al

Yoo.qxd  4/20/06  11:02 AM  Page 260



15. Hermann JS, Schoolfield JD, Buser D, Schenk RK, Cochran DL.
Influence of the size of the microgap on crestal bone changes
around titanium implants: A histometric evaluation of
unloaded non-submerged implants in the canine mandible. J
Periodontol 2001;72:1372–1383.

16. Mombelli A, Van Osten MAC, Schurch E, Lang NP.The microbia
associated with successful or failing osseointegrated titanium
implants. Oral Microbiol Immunol 1987;2:145–151.

17. Cochran DL, Hermann JS, Schenk RK, Higginbottom FL, Buser
D. Biologic width around titanium implants. A histometric
analysis of the implanto-gingival junction around unloaded
and loaded nonsubmerged implants in the canine mandible. J
Periodontol 1997;68:186–198.

18. Rangert B, Jemt T, Journeus L. Forces and moments on Bråne-
mark implants. Int J Oral Maxillofac Implants 1989;4:241–247.

19. Chuang SK, Wei LJ, Douglass CW, Dodson TB. Risk factors for
dental implant failure: A strategy for the analysis of clustered
failure-time observations. J Dent Res 2002;81:572–577.

20. Lekholm U, Zarb GA. Patient selection and preparation. In:
Brånemark P-I, Zarb GA, Albrektsson T (eds).Tissue-Integrated
Prostheses: Osseointegration in Clinical Dentistry. Chicago:
Quintessence, 1985:199-209.

21. Chuang SK, Tian L, Wei LJ, Dodson TB. Kaplan-Meier analysis of
dental implant survival: A strategy for estimating survival with
clustered observations. J Dent Res 2001;80:2016–2020.

22. Brånemark P-I, Zarb GA, Albrektsson T (eds).Tissue-Integrated
Prostheses: Osseointegration in Clinical Dentistry. Chicago:
Quintessence, 1985.

23. Cochran DL, Buser D, ten Bruggenkate CM, et al.The use of
reduced healing times on ITI implants with a sandblasted and
acid-etched (SLA) surface: Early results from clinical trials on
ITI SLA implants. Clin Oral Implants Res 2002;13:144–153.

24. Adell R, Lekholm U, Rockler B, et al. Marginal tissue reactions at
osseointegrated titanium fixtures (I). A 3-year longitudinal
prospective study. Int J Oral Maxillofac Surg 1986;15:39–52.

25. Cox JF, Zarb GA.The longitudinal clinical efficacy of osseointe-
grated dental implants: A 3-year report. Int J Oral Maxillofac
Implants 1987;2:91–100.

26. Weber HP, Buser D, Fiorellini JP, Williams RC. Radiographic eval-
uation of crestal bone levels adjacent to non-submerged tita-
nium implants. Clin Oral Implants Res 1992;3:181–188.

27. Adell R, Lekholm U, Rockler B, et al. A 15-year study of osseoin-
tegrated implants in the treatment of the edentulous jaw. Int J
Oral Surg 1981;10:387–416.

28. Malevez CH, Hermans M, Daelemans PH. Marginal bone levels
at Brånemark System implants used for single tooth restora-
tion: The influence of implant design and anatomical region.
Clin Oral Implants Res 1996;7:162–169.

29. Bragger U, Hafeli U, Huber B, Hämmerle CHF, Lang NP. Evalua-
tion of postsurgical crestal bone levels adjacent to non-sub-
merged dental implants. Clin Oral Implants Res
1998;9:218–224.

30. Schnitman PA, Wohrle PS, Rubenstein JE, et al.Ten-year results
for Brånemark implants immediately loaded with fixed pros-
theses at implant placement. Int J Oral Maxillofac Implants
1997;12:495–503.

31. Chiapasco M, Abati S, Romeo E, Vogel G. Implant-retained
mandibular overdentures with Brånemark system MKII
implants: A prospective comparative study between delayed
and immediate loading. Int J Oral Maxillofac Implants
2001;16:537–546.

32. Randow K, Ericsson I, Nilner K, Petersson A, Glantz PQ. Immedi-
ate functional loading of Brånemark dental implants. An 18-
month clinical follow-up study. Clin Oral Implants Res
1999;10:8–15.

33. Lorenzoni M, Pertl C, Zhang K, Wegscheider WA. In-patient
comparison of immediately loaded and non-loaded implants
within 6 months. Clin Oral Implants Res 2003;14:273–279.

34. Manz MC. Radiographic assessment of peri-implant vertical
bone loss: DICRG Interim Report No. 9. J Oral Maxillofac Surg
1997;55:62–71.

35. Arvidson K, Bystedt H, Frykholm A, Konow LV, Lothigius E. A 3-
year clinical study of Astra dental implants in the treatment of
edentulous mandibles. Int J Oral Maxillofac Implants
1992;7:321–329.

The International Journal of Oral & Maxillofacial Implants 261

Yoo et al

Yoo.qxd  4/20/06  11:02 AM  Page 261


	COPYRIGHT © 2005 BY QUINTESSENCE PUBLISHING CO, INC: 
	   PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY: 
	  NO PART OF THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER: COPYRIGHT © 2005 BY QUINTESSENCE PUBLISHING CO, INC. 
PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART OF THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM
WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.




