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Comparison of Implant and  
Provisional Placement Protocols in  

Sinus-Augmented Bone: A Preliminary Report 
Lisa A. Lang, DDS, MS, MBA1/Wendell A. Edgin, DDS2/Lily T. Garcia, DDS, MS3/Norma Olvera, DDS, MS4/ 

Ronald Verrett, DDS, MS5/David Bohnenkamp, DDS, MS6/Stephen J. Haney, DDS5

Purpose: To evaluate preliminary data on clinical outcomes associated with timing of placement of single 

implant–supported provisional crowns and implants in augmented bone. Materials and Methods: Twenty 

patients underwent sinus elevation bone grafting followed by a 6-month healing period before implant 

placement and immediate placement of a provisional crown (group [G] 1); 20 patients received sinus elevation 

bone grafting at the time of implant placement and immediate placement of a provisional crown (G2); 20 

patients required no bone augmentation before implant placement and immediate placement of a provisional 

crown (G3); and 20 patients received sinus elevation bone grafting followed by a 6-month healing period before 

implant placement followed by a 6-month healing period before restoration (G4). The height of the crestal 

bone was measured and recorded to determine mean bone changes, and success rates were determined. 

Results: Mean bone level comparisons were made between G2 and G3, G2 and G4, and G3 and G4. No 

statistically significant differences were found between the groups (P < .05). G1 was discontinued based on 

the initial results: two implants did not meet the 35-Ncm insertion test, and one implant failed within 1 month 

after implant placement. The 1-year implant survival rates were 86% (n = 12/14), 95% (n = 19/20), and 100%  

(n = 16/16) for G2, G3, and G4, respectively. Differences in survival rates between the groups were not 

statistically significant (P < .05). Conclusion: Implant survival is affected by the timing of sinus augmentation 

and implant placement in relation to the timing of crown placement. Implants that were restored immediately 

regardless of the timing of bone augmentation showed greater failure rates than implants in augmented bone 

with delayed restoration protocols or those that were restored immediately in sites without bone augmentation. 

Neither the timing of loading nor timing of implant placement in relation to bone augmentation surgery affected 

mean bone loss. Int J Oral MaxIllOfac IMplants 2015;30:648–656. doi: 10.11607/jomi.3863
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Successful implant therapy is dependent on achiev-
ing and maintaining osseointegration.1 Early expe-

riences with implant treatment relied on the surgical 
placement of implants followed by a healing period of 
3 to 6 months during which the implants were protect-
ed from externally applied forces.2–5 Clinical studies 
for single-implant restorations indicate high success 
rates.6–9

With the development of new implant types, sur-
face technology, and advanced knowledge about the 
physiology of osseointegration, the requirement for 
delayed restoration of dental implants has been chal-
lenged.6,10–12 Interest has surfaced with regard to plac-
ing a dental restoration on the day of surgical implant 
placement to foster early esthetic improvement, guide 
appropriate healing of the peri-implant soft tissues, in-
crease patient comfort, and decrease treatment time. 

Immediate loading of dental implants using dif-
ferent types of restorations has been accomplished 
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successfully in animal models13,14 and then in hu-
mans.15–19 The restoration of single missing teeth with 
implant-supported crowns has been performed rou-
tinely by clinicians.20,21 Although clinical studies pre-
senting short-term outcomes of immediately loaded 
implants supporting single crowns are available,22–24 
only a few studies exist showing long-term results  
(≥ 5 years) of immediately loaded implants supporting 
single crowns.25–27

Many studies prior to 2005 reported a higher fail-
ure rate for short implants.28–30 Winkler et al30 found 
that short implants failed significantly more often af-
ter loading than longer implants. A logistic regression 
analysis found that implant length was a significant 
factor for survival. Weng et al29 and Goodacre et al31 
reported that implants ≤ 10 mm had a significantly 
lower cumulative success rate. Van Steenberghe et al28 
found that shorter implants in patients with poorer 
quality of bone were more at risk for implant failure 
or nonintegration. However, others32–34 have docu-
mented similar success rates for short as well as longer 
implants. 

Some investigators have reported a positive correla-
tion between an increased crown-to-implant ratio and 
a higher risk for marginal bone loss,35 whereas others36 
failed to show such a correlation. At a consensus con-
ference37,38 in 2004, the panel was not able to develop 
definitive statements with regard to crown-to-implant 
ratio. However, guidelines regarding crown height 
space (CHS) were developed because of the belief that 
the crown height is a vertical cantilever. In fixed pros-
thetic restorations, an excessive or limited CHS results 
in increased mechanical (prosthetic) complications. An 
acceptable range for CHS of 8 to 12 mm emerged.38

Several authors have suggested that it is the combi-
nation of short implants and low bone density that is 
responsible for higher failure rates rather than length 
alone.39–42 A significant difference was shown among 
implant failures associated with bone quality and im-
plant length.42 Herrmann et al42 reported that type 4 
quality of bone demonstrated the highest failure rates. 
With regard to implant length, when the implants 
were divided by short and long implants, a post hoc 
analysis found a correlation between shorter implants 
and failure rates.42 Therefore, it has been recommend-
ed that a minimum bone height of 10 mm is required 
in the posterior maxilla to place implants without 
augmentation.43 

The edentulous areas for single and multiple miss-
ing teeth were classified by Garber44 based on the re-
sidual osseous tissue and the need for supplemental 
grafting. The maxillary sinus is frequently pneumatized 
in the edentulous or partially edentulous maxilla. In-
adequate available bone can result, which precludes 

dental implant placement without the need for bone 
grafting. Similar clinical scenarios require autogenous, 
alloplastic, or allogeneic sinus bone grafting for suc-
cessful implant placement in the posterior maxillary 
edentulous regions.

Standard maxillary sinus bone grafting techniques 
entail surgical exposure of the lateral wall of the max-
illary sinus, lateral wall osteotomy, elevation of the 
sinus membrane, and bone grafting. The bone graft 
is typically left in situ to consolidate for 6 months 
before reevaluation and implant placement. After 
surgical implant placement, most patients are left to 
heal another 4 to 6 months before surgical exposure 
and dental provisionalization of the implant. There-
fore, patients may wait up to 1 year before receiving 
a prosthetic component for their implant. Published 
reports regarding bone augmentation and simulta-
neous implant placement have shown no statistically 
significant difference in marginal bone loss45 as com-
pared to delayed implant placement. Herzberg et al45 
suggested that simultaneous implant placement may 
be implemented safely when primary implant stability 
can be obtained regardless of the amount of preop-
erative residual bone. Studies evaluating survival rates 
have shown comparable results between delayed and 
simultaneous sinus floor elevation surgery.46–48 Five-
year implant survival rates of simultaneous vs delayed 
implant placement in augmented bone showed no 
statistically significant differences, 95.7% and 90.4%, 
respectively.47

No reports have been published on the immediate 
loading of dental implants placed in allograft bone. 
Because many patients seeking dental care require 
some type of bone augmentation surgery to be can-
didates for surgical placement of dental implants, the 
question arises regarding success and complications 
of immediately loading single tooth restorations in 
patients receiving bone grafts. The findings on when 
to place an implant after bone grafting and/or when 
to provisionalize—immediately vs after 6 months of 
healing—are anecdotal. To date there is no published 
clinical research that suggests one treatment protocol 
is more successful than another. 

The purpose of this report is to present the pre-
liminary data on the clinical outcomes associated with 
the timing of (1) implants placed in augmented bone 
and (2) single implant–supported provisional crowns. 
The null hypothesis was that there is no difference be-
tween the expected success rates and radiographic 
bone levels for immediate restoration of single dental 
implants with provisional crowns in native bone and a 
treatment regimen involving immediate placement of 
provisional restorations at the time of the sinus aug-
mentation plus implant placement.
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MATERIALS AND METHODS

This was a prospective, controlled, nonrandomized, 
clinical study that evaluated patients who received 
one dental implant. Patients were enrolled in this study 
from 2005 to 2012. The patients were assigned to one 
of four groups (G1, G2, G3, and G4). Table 1 provides a 
description of the groups’ treatment protocols.

Subjects were selected on the basis of a compre-
hensive evaluation. A complete medical history, dental 
history, and comprehensive diagnostic workup were 
conducted by the investigators to ascertain the sub-
jects’ current state of health, and to identify any contra-
indications to participation in the study. Inclusion and 
exclusion criteria were the medical and clinical findings 
that could negatively affect the outcomes of the study.  
Table 2 lists the inclusion and exclusion criteria. General 
health requirements consisted of patients free of any 
condition that would have a negative impact on healing. 
Patients with malignancies or dysplastic oral and head 
and neck lesions were also excluded from participation. 

Patients were included in the study if they had 
an intact dentition except for a single missing tooth 
from the maxilla with stable occlusion and restorative 

space of ≥ 5 mm for a satisfactory implant restoration 
and adequate bone volume to accommodate a 3.7 to  
4.7–mm–diameter implant. 

To eliminate any variables associated with long 
clinical crowns that might influence prosthetic com-
plications that could affect the clinical outcomes, pre-
surgical evaluation required convincing evidence that 
the final implant-supported restoration would demon-
strate a crown-to-implant ratio of approximately 1:2. 
It was determined that to eliminate implant length 
as a variable, all patients would receive a 13-mm-long 
implant. This would allow for examination of the out-
comes as a percentage of native bone to augmented 
bone for G1 (< 50%: > 50%), G2 (> 50%: < 50%), G3 
(100%:0%), and G4 (< 50%: > 50%). Patients assigned 
to groups G1, G2, and G4 had to have a bone height 
that required bone augmentation with sinus elevation 
to place a 13-mm implant. Patients were recruited in 
this study by solicitation through advertisements and 
review of dental records currently on file in the Univer-
sity of Texas Health Science Center San Antonio Dental 
School. All recruited patients signed a consent form 
designed specifically for this study and approved by 
the university’s institutional review board. 

Table 1 Description of Study Groups by Treatment Protocol

Group Treatment protocol

G1 Sinus elevation bone grafting followed by a 6-month healing period before implant placement and immediate placement 
of a provisional crown

G2 Sinus elevation bone grafting at the time of implant placement and immediate placement of a provisional crown
G3 Control group that required no bone augmentation for implant placement and immediate placement of a provisional crown
G4 Control group that received a sinus elevation bone grafting followed by a 6-month healing period before implant 

placement followed by a 6-month healing period before restoration

Table 2 Inclusion/Exclusion Criteria 

Inclusion criteria Exclusion criteria

At least 18 years of age and able to give informed consent

General health requirements: free of uncontrollable diabetes, 
existing malignancy, and not receiving immune suppressive 
therapy

An intact dentition with stable occlusion except for a  
single missing tooth from the maxilla

Sufficient restorative space (≥ 5 mm) in the edentulous area 
for satisfactory implant restorative procedures

A crown-to-implant ratio of approximately 1:2

Patients were caries free or amenable to caries control and 
appropriate restoration

Free of active periodontal disease

Any tooth mobility had to be physiologically acceptable

Proposed implant site presented clinically with at least  
2 mm of attached, keratinized tissue

Patient unable to give informed consent

Advanced cardiovascular disease, pulmonary disease,  
renal disease, liver disease, or significant alcohol ingestion

Patients with malignancies or dysplastic oral and head and 
neck lesions

Dentition with unstable occlusion and more than one  
missing tooth

Insufficient restorative space (< 5 mm) for an implant 
restoration in the edentulous area

Patients with unfavorable and excessive occlusal forces

Patients with poor oral hygiene (PI ≥ 1)51,52

Poor periodontal condition (MGI ≥ 1)53,54

Pregnant women

Smokers with a habit of ≥ 20 cigarettes per day

Patients with malignancies or dysplastic oral, head, and  
neck lesions

PI = Plaque Index; MGI = Modified Gingival Index.
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A diagnostic wax-up of the proposed coronal resto-
ration was used to construct: (1) a surgical template to 
provide positional guidance during implant site prepa-
ration, (2) an occlusal matrix for use in transferring the 
implant position to the diagnostic cast after the im-
plant placement; and (3) a pressure-formed matrix to 
aid in fabrication of the provisional crown. 

Patients were assigned to groups based on the 
amount of available bone. Before surgery, patients were 
assigned to groups based on digital radiographic find-
ings. Patients requiring sinus elevation were examined 
using a metal crown caliper to directly measure the 
thickness of the native bone at the time of augmen-
tation surgery (Fig 1). Patients with 6 mm or less na-
tive bone were assigned to G1 and G4, and required 
a 6-month healing period after sinus lift bone graft-
ing before implant placement and provisionalization. 

Patients with native bone that was greater than 6 mm 
but less than 11 mm were assigned to G2, which was 
designated to have simultaneous sinus lift bone graft-
ing, implant placement, and immediate provisionaliza-
tion. Patients with sufficient bone to support a 13-mm 
implant comprised G3, which did not receive bone 
augmentation, and received a provisional crown on 
the day of implant placement. Table 3 lists the location 
and bone height for the implants in the groups that had  
sinus elevation bone augmentation surgery.

All surgical procedures were performed by a board-
certified oral and maxillofacial surgeon. Local anes-
thesia with or without sedation was administered. 
Bone grafting surgery was performed using (60:40 
ratio) Puros cancellous/cortical particulate allograft  
(Zimmer Dental). Sinus elevation augmentations were 
performed through lateral osseous windows using 

Fig 1  Clinical photograpsh depicting measurement of residual ridge height at the time of surgery.

Table 3 Implant Location and Residual Ridge Height Before Sinus Bone Augmentation
G1 G2 G4

Patient no. Tooth no.*
Ridge height 

(mm) Patient no. Tooth no.*
Ridge height 

(mm) Patient no. Tooth no.*
Ridge height 

(mm)
1 3 6.0 1 14 7.0 1 14 6.0
2 3 3.6 2 3 8.0 2 3 6.0
3 14 5.7 3 5 7.0 3 2 6.0
4 3 6.0 4 3 9.7 4 3 3.7

– – – 5 14 8.8 5 14 4.8
– – – 6 13 9.5 6 13 3.7
– – – 7 14 7.6 7 13 6.0
– – – 8 2 9.7 8 14 5.2
– – – 9 13 9.4 9 14 2.0
– – – 10 14 9.2 10 14 3.6
– – – 11 14 10.0 11 14 1.0
– – – 12 2 8.0 12 3 4.5
– – – 13 3 7.8 13 3 3.0
– – – 14 14 8.9 14 13 4.1
– – – 15 13 10.0 15 14 4.7
– – – 16 5 9.7 16 4 5.1
– – – 17 3 8.4 17 3 4.8
– – – 18 14 10.0 18 14 5.7
– – – 19 4 9.5 19 14 5.7

*Universal tooth numbering system.
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standard sinus lift techniques. All patients receiving 
sinus bone augmentation were placed on a 1-week 
course of penicillin V potassium every 6 hours.

For patients assigned to G1 and G4, after placing 
the bone graft material, a 6-month healing period oc-
curred before implant placement surgery. For patients 
assigned to G2, the implant surgery was performed af-
ter placing the bone graft material. 

Standard surgical protocols were followed with 
a nonrestricted surgical guide. The implant site was 
prepared using the surgical template to guide the  
2.3-mm pilot drill. Additional site preparation was ac-
complished in the absence of the surgical template; 
the surgical guide was used only for verification of 
implant position. After the osteotomy was completed, 
the implant (Tapered Screw-Vent implant, Zimmer 
Dental) was placed, and the site was sutured for pri-
mary closure. The selection of implant diameter was 
based on dimensional analysis of the available bone 
site. The patients assigned to G1, G2, and G3 received 
a provisional crown on the day their implant was sur-
gically placed, whereas those assigned to G4 did not 
receive a provisional crown on the day of implant 
placement, but instead had a 6-month healing period 
before placement of their restoration. A periapical ra-
diograph was made using a radiographic positioning 
template immediately after the surgical procedure. 

The implant was evaluated for primary stability 
regardless of the group to which the patient was as-
signed. An implant was judged to be stable if the in-
sertion torque was greater than or equal to 35 Ncm. If 
the insertion torque of the implant did not meet the  
35-Ncm test at the time of implant surgery, a provi-
sional crown was not placed because of the possibility 
of implant loss. If this occurred, the patient was with-
drawn from the study and not included in the data 
analysis. 

For the implants receiving immediate provisional 
crowns (G1, G2, and G3), when the implant was judged 
to be mechanically stable, the fixture mount was used 
as a direct transfer impression post. The occlusal matrix 
was positioned on the teeth adjacent to the implant 
site. A light-activated resin was used to attach the fix-
ture mount to the occlusal matrix. When the resin was 
cured, the matrix was removed and became an index 
used for laboratory fabrication of the provisional crown. 

A provisional crown (Integrity, Dentsply Caulk) was 
constructed using a plastic temporary abutment (Hex-
lock, Zimmer Dental) and the pressure-formed matrix. 
Occlusal contacts were adjusted so that in the maxi-
mum intercuspal position an occlusal contact drag of 
shim stock (Almore International) at the 12-μm level 
was created. All eccentric contacts were eliminated. 
The access channel was obturated with a temporary 
filling material (Fermit, Ivoclar Vivadent). 

After a 6-month healing period, a final impression 
was made to fabricate the definitive restoration follow-
ing standard protocol with a closed-tray impression 
technique. Definitive screw-retained metal-ceramic 
crowns were fabricated using standard laboratory pro-
cedures. Occlusal contacts were adjusted so that light 
occlusal contacts were present in the maximum inter-
cuspal position—shim stock drag through the occlusal 
contact. The shim stock held with maximum occlusal 
force. All eccentric contacts were eliminated. Mutually 
protected occlusion was generally considered optimal. 
When appropriately adjusted for fit, form, and func-
tion, the final crown was fastened with a screw to the 
implant. After the definitive restoration was placed, a 
periapical radiograph was made to ensure complete 
seating of the crown. A temporary restorative material 
was placed in the screw access channel.

Each patient was examined and experimental data 
collected by the investigators at baseline (the time of 
implant insertion), 3 months, 6 months, and 1-year 
time points. Criteria for implant success were evalu-
ated following those published by Albrektsson et al.49 
Patient examination and study data collected, includ-
ing (1) measurement of implant mobility, (2) presence 
or absence of the peri-implant infection or pain, and (3) 
radiolucency were assessed beginning at the 3-month 
recall visit after placement of the definitive restoration 
and at 1-year follow-up. An implant was considered a 
failure if it was removed and no longer in function. 

Investigators examined the subjects’ radiographs 
for normal healing and no radiographic evidence of in-
traosseous abnormalities. Radiographic technique and 
bone loss measurements were standardized by using an 
XCP technique with a film holder for each subject (XPC 
Film Holding Instrumentation, Dentsply/Rinn), whereby 
the device was used to hold the film perpendicular to 
the central radiographic beam. Digital periapical radio-
graphs were made (Eastman Kodak) using standard cur-
rent and voltage settings for each implant study site.

The height of the crestal bone relative to the collar 
of the implant was measured and recorded. One blind-
ed investigator performed the periapical radiographic 
evaluations. Radiographs were made at implant place-
ment and at 3-month follow-up intervals through 12 
months. The diameter of the implant was used to cali-
brate the computer software for measurement. Bone 
loss measurements were recorded at the mesial and 
distal areas for each implant. 

Paired and unpaired t tests were used to deter-
mine if there were significant differences in bone level 
change (loss or gain) related to implant surface (me-
sial vs distal) between groups. An unpaired t test and 
analysis of variance (ANOVA) were computed to deter-
mine if there were differences in the amount of bone 
change between the groups. A chi-square analysis was 
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completed to determine if there were any differences 
in survival rates between the groups.

RESULTS

This study evaluated the 1-year preliminary data on the 
clinical outcomes associated with timing of placement 
of single implant–supported provisional crowns in 
implants placed in augmented bone. The first patient 
in G1 withdrew from the study after the sinus bone 
augmentation surgery, but before the implant place-
ment surgery. Sequentially for the next three patients 
in group G1, two implants did not meet the 35-Ncm 
insertion test, were judged to lack primary stability at 
the time of placement, and were withdrawn from the 
data analysis part of the study; the third implant failed 
within 1 month after implant placement. Based on the 
initial results, it was determined by the investigators to 
terminate this arm of the study. The survival rate of this 
group was 0% (Table 4).

Nineteen patients were enrolled in group G2. One 
patient withdrew before sinus augmentation–implant 
surgery; two patients withdrew after implant place-
ment but before the first recall; and one patient was dis-
missed from the study by the investigators because of 
noncompliance with recall appointments. One patient 
experienced an undisclosed sinus infection, which she 
reported days after the implant surgery. The patient in-
dicated that she thought she had been “coming down 
with a cold several days prior to the surgery.” This patient 
was excluded from the analysis because of the fact that 
disclosure of a possible sinus infection on the day of sur-
gery would have led to postponement of the surgery. 
Of the remaining 14 patients, two experienced implant 
failure. All implant failures were reported at the 3-month 
recall. The survival rate of this group was 86% (Table 4).

Nineteen patients comprised group G3 (no bone 
augmentation required). This control group had one fail-
ure that was identified at the 3-month recall. The survival 
rate for this protocol was 95% (Table 4). At the 1-year 
recall appointment, two patients were unavailable for 
examination, and were noncompliant with this appoint-
ment. However, they were available for subsequent 

recall follow-up, so they were included in the overall sur-
vival data but excluded from the bone loss data.

Group G4 served as a negative control group. Pa-
tients in this group received bone augmentation with 
delayed implant placement and delayed restoration. 
Nineteen patients were enrolled in this group, of 
whom three patients withdrew before implant place-
ment. Of the remaining 16 implants, none failed. The 
survival rate for this group was 100% (Table 4).

The survival rates of the four groups were analyzed 
using chi-square analysis (Table 4). All implants that 
failed in sinus-augmented groups were in the molar re-
gion. However, it should be noted that there were only 
three premolars in G2 and G4. G1 showed a statistically 
significant difference compared with all other groups. 
There was no significant difference between G2 and 
G3, between G2 and G4, and between G3 and G4. 

Changes in bone height around the implants were 
evaluated to determine if there was a difference in the 
amount of bone changes on the mesial and distal side 
of the implant for each group evaluated. Paired and 
unpaired t tests were used to determine if differences 
were significant at P < .05. Table 5 shows the results of 
this analysis. There was no statistically significant dif-
ference between the changes in bone levels on the 
mesial or distal surface. Therefore, the data for each 
group were pooled.

The combined bone level data were then compared 
across groups. Comparisons were made between G2 
and G3, G2 and G4, and G3 and G4. The data were ana-
lyzed using unpaired t tests and ANOVA, and signifi-
cance was set at P < .05. Table 6 reports the statistical 
analyses. There was no statistically significant differ-
ence between the groups. 

DISCUSSION 

The study evaluated the midterm clinical outcomes of 
sinus elevation surgery, implant placement, and provi-
sional restoration of single implant-supported crowns in 
relation to healing time. The differences in bone levels 
were compared across groups using an unpaired t test. 
Changes in bone level over the course of 1 year were 

Table 4 Number of Implants Enrolled, Withdrawn, Surviving, and Failed by Group

Group

Total 
No. 

enrolled
No. 

withdrawn

No. that did not 
meet loading 
requirement*

Surviving 
implants

Failed 
implants

Survival 
(%)

P†

G1 G2 G3 G4

G1 4 1 2 0 1 0 .003 .002 < .0001
G2 19 5 0 14 2 86 .003 .35 .06
G3 20 0 0 19 1 95 .002 .35 .36
G4 19 3 0 16 0 100 < .0001 .06 .36

*Implants that did not reach the 35-Ncm torque required for loading were withdrawn from the study for the immediate loading protocol groups.
†Differences were examined using chi square analysis. P < .05 was considered statistically significant.
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not significantly different for patients who received a simultaneous bone 
augmentation, implant placement surgery, and an immediate provisional 
crown (G2) compared with those who did not receive bone augmenta-
tion and received an immediate provisional crown at the time of implant 
placement surgery (G3). Similarly, G2 changes in bone level showed no 
statistically significant difference compared with those who received bone 
augmentation surgery, 6-month delayed implant placement surgery, and 
6-month delayed restoration (G4).

The differences in mean bone loss on the mesial and distal surfaces 
of the implants were compared at the 1-year measurement interval. 
Results showed no statistically significant difference between chang-
es in bone levels on the mesial or distal surface of the implant in each 
study group. This is in agreement with the findings of Kan et al,6 who 
also demonstrated no statistically significant difference between mar-
ginal bone loss on the mesial or distal surface of the implant. The mean 
changes in bone level on the mesial and distal surfaces of the implants 
in the present study for G3 (similar protocol to the Kan et al study6) were  
–0.53 ± 0.53 mm and –0.50 ± 0.53 mm, respectively. The marginal bone 
losses in the present study were more favorable than those reported by 
Kan et al6 (0.72 mm and 0.62 mm, mesial and distal surfaces, respectively).

The mean bone loss around implants placed at the time of the sinus 
elevation surgery in G2 was less than the mean bone loss in G4, the de-
layed implant placement group, but the difference was not statistically 
different (P = .90). These findings are similar to those of Herzberg et al45 
who discovered an association between delayed implantation and mean 
bone loss > 0.2 mm per year; the findings were not statistically signifi-
cant. However, unlike the present study, in patients treated after the de-
layed implant placement protocol and with ≤ 4 mm of residual bone, 
mean bone loss > 0.2 mm per year was found to be statistically different 
than the group with simultaneous placements (P < .018).45 The findings 

of this study would suggest that the 
timing of loading did not affect the 
mean bone loss, nor did the timing 
of implant placement in relation to 
the bone augmentation surgery.

The findings of G4 in the cur-
rent study are in agreement with the 
findings of Urban and Lozada,48 and 
Bornstein et al46 that implants placed 
in sinus-augmented bone, using the 
classic approach of delayed implant 
placement and loading, had similar 
success rates as implants placed in na-
tive bone.

Kan et al6 evaluated 35 patients 
clinically and radiographically at pre-
surgical examination, immediately 
after implant placement and provi-
sionalization. They reported a survival 
rate of 100%, after a mean follow-up 
time of 4 years (range, 2 to 8.2 years). 
Koo et al7 found the 1- to 5-year cu-
mulative survival rate (CSR) for single-
tooth implants placed in the second 
molar region to be 95.1%. In both 
studies,6,7 implants were immediately 
loaded in bone that did not require 
augmentation procedures. These 
study protocols were similar to G3 
with similar success rates. 

In a systematic review, Del Fab-
bro et al50 examined the timing of 
implant placement. Simultaneous 
sinus floor elevation followed by 
implant placement revealed similar 
outcomes regardless of whether the 
implants were in use ≤ 36 months or 
≥ 36 months. The overall implant sur-
vival rate was 94.59%, and 94.26% for 
delayed and simultaneous implant 
placement, respectively. This review50 
found that implant survival was not 
dependent on the use of a delayed or 
simultaneous placement technique, 
but instead on whether primary im-
plant stability could be obtained at 
the time of the sinus floor elevation. 
These survival rates are comparable 
to those of implants placed in native 
bone not requiring bone augmenta-
tion surgery. There was no indication 
that the implants in the Del Fabbro et 
al50 review were immediately loaded.

In contrast to the Del Fabbro 
et al50 study, in the present study, 

Table 5 Results of Bone Loss and Comparisons Within 
Groups*

Surface

G2 (n = 12) G3 (n = 17) G4 (n = 16)
Mean ± SD 
bone loss 

(mm) P

Mean ± SD 
bone loss 

(mm) P

Mean ± SD 
bone loss 

(mm) P

Mesial 0.35 ± 0.29 .29† 0.53 ± 0.53 .80† 0.45 ± 0.32 .34†

Distal 0.43 ± 0.42 .59‡ 0.50 ± 0.53 .87‡ 0.36 ± 0.42 .49‡

Mesial + distal 0.39 ± 0.34 0.51 ± 0.52 0.41 ± 0.32

*The differences were examined using unpaired t test and paired t test.  
P < .05 was considered statistically significant.
†Paired t test.
‡Unpaired t test.

Table 6 Combined Results of Bone Loss and Comparisons 
Between Groups

Group No.

Mean ± SD 
bone loss 

(mm)

P*
Unpaired t test

G2 vs G3 G2 vs G4 G3 vs G4 ANOVA

Combined mesial-distal

G2
G3
G4

12
17
16

0.39 ± 0.34
0.51 ± 0.52
0.41 ± 0.32

.49 .90 .51 .69

ANOVA = analysis of variance.
*P < .05 was considered statistically significant.
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primary stability was not an indication of implant sur-
vival when implants were restored on the day of sur-
gical placement at the time of bone augmentation. 
In the present study, implants (G2) that were placed 
and restored simultaneously on the day of the sinus 
floor elevation surgery, had ≥ 6 mm of native bone, 
and were perceived to have achieved primary stabil-
ity had a success rate of 86%. The lower survival rate 
would suggest that timing of sinus floor elevation 
and implant placement in relation to implant survival 
is affected by the timing of implant loading. Implants 
that were immediately loaded regardless of the tim-
ing of the sinus augmentation showed greater failure 
rates than implants in augmented bone that received 
a delayed loading protocol or those that were loaded 
immediately in sites that did not require a bone aug-
mentation procedure. However, although implants 
placed during the sinus augmentation surgery and im-
mediately restored (G2) had a lower success rate, the 
success rate of these implants were statistically simi-
lar to those implants with delayed placement and de-
layed restoration (G4) and those immediately restored 
implants placed in native bone (G3). 

In the group in which less than 50% of the implant 
was placed in native bone (G1), the arm of the study 
had to be terminated because the implants either did 
not achieve primary stability or, despite achieving  
35-Ncm insertion torque, failed 1 month after immedi-
ate provisionalization. This suggests that the immature 
grafted bone does not provide stability to the implant, 
and that bone height greater than 50% of the length 
of an implant may be necessary to immediately pro-
visionalize with a crown. Further evidence supporting 
this finding is that in G4, which also had less than 50% 
of the implant placed in native bone but which had the 
delayed restoration, there were no failures.

It should be noted that in the groups that had im-
plant failures, all failures occurred within the first 3 
months after implant placement. No implant failed 
after 3 months of healing regardless of the treatment 
protocol. The fact that all failures were early failures 
rather than late-stage failures suggests that additional 
factors may be influencing clinical outcomes. 

A limitation of this study was that the masticatory 
function was not taken into account. The clinical exam-
ination did not note whether the patient’s dominant 
side for mastication was on the ipsilateral or contra-
lateral side of the implant. It would be interesting to 
know whether the failures were on the side of the pa-
tient’s dominant side of mastication. If that were true, 
then the crown would be in function during mastica-
tory episodes, which may account for the failures. This 
could be considered a contraindication for immediate 
provisionalization or loading in augmented bone. Fu-
ture studies in this area should collect data measuring 

masticatory functional preference (the dominant side 
for mastication).

The null hypothesis was that there is no difference 
between the expected success rates for immediate 
restoration of single dental implants with provisional 
crowns in native bone and a treatment regimen involv-
ing immediate placement of provisional restorations in 
grafted bone; this hypothesis, however, was rejected.

The second null hypothesis proposed was accept-
ed: there is no difference between radiographic bone 
levels for immediate restoration of single dental im-
plants with provisional crowns in native bone and a 
treatment regimen involving immediate placement of 
provisional restorations in grafted bone.

CONCLUSIONS 

Within the limitations of this study, it may be conclud-
ed that (1) the timing of neither loading nor implant 
placement in relation to bone augmentation surgery 
affected mean bone loss; (2) immediate placement of 
a provisional crown at the time of implant placement 
surgery in augmented bone in which native bone 
is less than 50% of the implant length is not recom-
mended; (3) delayed implant placement and delayed 
restoration in augmented bone is a viable treatment 
protocol; and (4) the treatment protocol of simultane-
ous placement of a dental implant at the time of bone 
augmentation surgery followed by immediate place-
ment of a provisional crown must be viewed cautious-
ly because the potential for implant failure is greater. 
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