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Purpose: To evaluate implant and patient characteristics in a prospective clinical study involving immediate
fixed restoration of delayed placement of dental implants. Materials and Methods: Patients diagnosed with
generalized chronic periodontitis and previously treated were accepted into the study when they expressed
a wish to receive immediate restoration of dental implants. Treatment planning and implant placement were
computer assisted, using computerized tomography, planning software, and a surgical template. Patients
received abutments and cemented provisional prostheses no later than 72 hours following implant surgery.
Patients were followed at 2 and 4 weeks, and 3, 6, and 12 months. Results: Eighteen patients were accepted
and completed the study, ages ranged from 34 to 69 years (mean 54.5 + 8.5 years). Five patients (27.8%) were
smokers (2.5 to 60 pack years). Fifty implants were placed, ranging between 1 to 8 implants per patient. Median
implant length was 13 mm (range, 10 to 13 mm) and median implant diameter was 3.75 mm (range, 3.75 to
5 mm). Mean insertion torque was 43 NCm * 6.2 SD (range 30 to 50 NCm). Mean implant stability quotient
was 71 + 11 (range 37 to 85). One implant in a patient who smoked and three implants in another patient
who smoked failed for a total of four failed implants. At 12 months, the overall survival rate was 92% (100%
and 73% among nonsmokers and smokers, respectively). Conclusions: The survival of immediately restored
dental implants in periodontally treated patients is greater than 90%. Smokers with a past history of chronic
periodontitis seem to have a lower implant survival rate. INT J ORAL MAXILLOFAC IMPLANTS 2012;27:1569-1575
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mplant therapy has become a predictable and suc-
cessful treatment option for the replacement of
missing teeth. Currently, this therapeutic approach
is an option for the treatment of a large spectrum of
patients, including fully edentulous cases,' trauma
cases,? partial edentulism,>* as well as single-tooth
replacement.® Today, placement protocols include
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immediate, delayed, and late implant placement. In
a structured review and meta-analysis, Esposito et al
suggested that immediate and immediate-delayed
implants might be at a higher risk of implant failure
and complications compared with delayed implants.®
Restoration/loading of implants can also be catego-
rized into immediate, delayed, or late. On a patient,
(rather than a per-implant) basis, a structured meta-
analysis reported no statistically significant differences
between any of these approaches, but suggested that
immediately loaded implants failed more often than
those conventionally loaded, but less commonly than
those loaded early. It was suggested that immediately
loading (within 1 week) is preferable over waiting for
1 or 2 months before implant loading. A high degree
of primary implant stability (high insertion torque)
seemed to be one of the prerequisites for a successful
immediate/early loading procedure.” Immediate im-
plant restoration has been gaining popularity, mainly
due to a shortened treatment time and the elimination
of the need for removable interim restorations.
Patients with a history of periodontal disease, or
periodontally compromised patients, are a subgroup of
special interest because a moderate level of evidence
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indicates that periodontitis subjects might be at signifi-
cantly higher risk for implant failure and greater mar-
ginal bone loss compared with periodontally healthy
subjects.® In a recent review of implant loading proto-
cols for the partially edentulous esthetic zone, Griitter
et al found that the survival of immediately loaded
implants was 97.3% after 1 year. However, for immedi-
ately placed implants with immediate restoration and
occlusal loading, the survival rate dropped by approxi-
mately 10%.° Also, in the authors’ previous study of
immediate and delayed restoration of dental implants
in periodontally susceptible patients, survival rates of
65% were reported in extraction sites versus 94% in
healed sites.'® Therefore, stricter inclusion criteria were
deemed necessary in order to improve the survival rate
of immediately restored dental implants.

The aims of the present study were to prospectively
evaluate the survival of immediately restored dental
implants and examine various implant and patient
characteristics in a prospective clinical study involving
immediate restoration in delayed (nonextraction) im-
plant sites in partially edentulous patients with treated
periodontal disease.

MATERIALS AND METHODS

Patients previously diagnosed with and treated for
generalized chronic periodontitis’ at the Rambam
Health Care Campus (RHCC) Department of Periodon-
tology, Haifa, Israel, were invited to participate in the
study after expressing a wish to receive dental im-
plants with immediate restoration. The study was con-
ducted according to Helsinki declaration guidelines
and was initially approved by the RHCC institutional
review board (approval #2301). Patients were given de-
tailed explanations on the nature of alternative treat-
ment options and the proposed treatment plan. Upon
acceptance, patients signed a consent form. Patients
were accepted into the study if they met the follow-
ing criteria: (1) age between 18 and 75 years; (2) good
general health, no complicating systemic conditions
that contraindicated surgical periodontal and implant
treatment and/or radiographic evaluation (eg, preg-
nancy, uncontrolled diabetes, cancer/radiation thera-
py, bisphosphonate therapy), no allergy to antibiotics;
(3) active periodontal therapy completed; (4) Plaque
Index (PI) < 1 according to a modification of the Silness
and Loe Plaque Index,'?> whereby recording only the
highest score for each tooth/dental unit and dividing
the sum by the number of teeth/dental units; (5) bleed-
ing on probing (BoP)'3 < 10% (six recordings per tooth);
(6) extractions were performed at least 8 weeks prior
to proposed implant therapy date; (7) available bone
height in periapical radiographs = 10 mm, measured
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from the radiographic crestal bone; (8) no bone aug-
mentation indicated in conjunction with proposed
implant therapy. Smoking was not an exclusion crite-
rion. Baseline periodontal parameters were recorded,
including PI, probing pocket depth (PPD), and BoP. In
addition, demographic and environmental data were
recorded for each patient.

Plaster models and a radiographic template were
prepared and the patients were sent for cone beam
computed tomography (CBCT) with the radiographic
template. The CBCT was utilized for surgical treatment
planning and also to verify the presence of adequate
bone volume and absence of pathologies that might
prohibit/interfere with implant installation. Implant
placement planning was performed using dedicated
software (Med3D). After receiving patient consent for
the final treatment plan, the dental laboratory fabricat-
ed a surgical template. Implant surgery was performed
under local anesthesia. A crestal incision was per-
formed, flaps were elevated, and the edentulous ridge
exposed. Osteotomies were performed with the aid of
the surgical template, using 2-mm and 2.8-mm drills.
The final single use drill, provided with the implants,
was used without the template in place. Implants
(SEVEN, MIS Implants Technologies) were inserted us-
ing a torque controlled physio-dispenser with a gradu-
al increase of torque power (in 5 Ncm increments) until
proper seating of the implant, and the final torque was
recorded. When all implants were in place, transfers
were connected to the implants, the area was isolated
with a rubber dam, and impressions were obtained
using Polyvynilsiloxane putty and wash (GC Exaflex,
GC Europe). Healing abutments were connected to
the implants, suturing of the flaps was performed, and
patients were given postoperative instructions and
prescribed a chlorhexidine gluconate 0.2% mouth-
wash (TaroDent, Taro Pharmaceutical Industries) two
times/day and amoxicillin 875 mg with clavulanic acid
125 mg (Augmentin, Glaxosmith Kline) two tabs/day for
7 days, as well as OTC analgesics as necessary. Impres-
sions were sent to the laboratory for selection and ad-
justment of abutments and fabrication of a provisional
metal reinforced acrylic restoration. Three days after
implant surgery, healing abutments were replaced
with implant abutments, torqued at 20 to 25 Ncm, and
the provisional restoration was placed, adjusted, and
cemented. Care was taken to adjust the restoration so
as to avoid tight contacts with adjacent teeth and to
eliminate contact with the opposing dentition at cen-
tric occlusion and in excursions. Patients were seen for
suture removal 10 to 14 days after surgery and then
at 4 weeks and 3, 6, and 12 months for maintenance
appointments consisting of data collection, plaque
control and motivation, tooth and implant cleaning,
and scaling and root planing as necessary. Following
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the.6—month visit and veriﬁca?tion of implant st.abillity, Table 1 Patient and Implant Data
patients were referred to their dentists for fabrication
and delivery of the final fixed prostheses. Patients were
discharged from the study following completion of the

Patient Implant Type of Length Diameter
no. site restoration (mm) (mm)

1 16 M 10 3.75
12-month examination. 1 15 M 115 3.75
Data were recorded at baseline, 6, and 12 months. 1 14 M 13 3.75
The following parameters were recorded for each im- 1 29 s 13 3.75
plant: implant site, length, and diameter; insertion 1 24 M 13 3.75
torque and implant stability quotient (ISQ) implant 1 25 M 13 3175
surgery, bone type'# at implant surgery; digital peri- 1 26 M 13 4.2
apical radiographs were taken with a parallelism ap- 1 27 M 13 4.2
pliance, attempting to align the radiographic plate 5 14 M 13 4.2
parallel to the implants. Radiographic bone level (me- 2 15 M 13 4.2
sial and distal) was measured from implant shoulder to 2 16 M 11.5 4.2
the alveolar crest. 3 45 M 13 4.2
3 46 M 10 4.2
Data Management and Analysis 3 a7 v % =
Data analysis was performed using SPSS statistical soft- 4 36% s 13 4.2
ware (IBM). Descriptive statistics were initially used. 5 44 M 13 4.2
Data were further analyzed by implant and by patient 5 45 M 10 4.2
in order to account for dependence between them. The 5 46 M 10 4.2
speed of change in bone level (rate) was computed as 6 4% s 13 4.2
the difference in bone level between measurements in 6 14* M 13 3.75
two timepoints divided by the actual time in months, 6 15% M 10 4.2
and multiplied by 12, expressed in mm/year. Positive 6 44 s 13 4.2
values indicate bone loss and negative values indicate 7 14 M 13 4.2
bone gain. A Wilcoxon nonparametric test was used to 7 15 M 11.5 4.2
compare rate between 0-6 months and 6-12 months 8 32 M 13 3.75
(rate 0-6 and rate 6-12). Analysis of variance (ANOVA) 8 42 M 13 3.75
with Bonferroni adjustment post hoc multiple compari- 9 35 M 13 4.2
son test was used to evaluate the relationship between 9 36 M 13 4.2
rate and baseline bone level. Significance was set at 5%. 10 24 M 13 3.75
10 26 M 13 4.2
11 24 M 13 4.2
RESULTS 11 25 M 10 4.2
12 22 S 13 3.75
Eighteen patients with a total of 50 implants were ac- 13 24 M 11.5 3.75
cepted and treated in this study (Table 1); 1-year radio- 13 25 M 11.5 4.2
graphic data was missing for one patient who received 14 32 M 13 3.75
two implants. Age ranged between 34 and 69 years 14 42 M 13 3.75
(mean 54 + 8.5 years). Implant surgery was completed 15 42 M 13 3.75
with only minor postoperative side effects; these in- 15 44 M 13 3.75
cluded transient gingival redness in one patient and 15 45 M 13 3.75
a slight transient facial hematoma in another patient. 16 14 M 13 3.75
Five patients were smokers, with an exposure ranging 16 15 M 13 3.75
from 2.5 to 60 pack years. Fifty implants were placed, 16 16 M 13 3.75
ranging from 1 to 8 implants per patient (See Table 2). 16 24 M 13 3.75
Implant length ranged from 10 to 13 mm (median 16 25 M 13 4.2
13 mm) and implant diameter range was 3.75 to 5 mm 17 24 M 11.5 3.75
(median, 3.75 mm). Mean insertion torque was 43 Ncm 17 o5 M 13 3.75
+ 6.2 SD (range 30 to 50 Ncm). Mean 1SQ at implant 17 26 M 11.5 3.75
placement was 71 + 11 SD (range 37 to 85) (Table 3). 18 32 M 13 3.75
The four implants that failed were all in smokers: 18 42 M 13 3.75

one was a single-unit implant in a smoker and three “Failed implants
implants in another smoker (Of which one was a single S = single unit restoration; M = unit in multiple restoration.
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Table 2 Distribution of Implants Between
Patients

No. of Multiple
implants No. of Single unit
per patient  patients restoration restoration Total
2 2 0 2
2 8 0 16 16
3 5 0 15 15
4 1 2 2 4
5 1 0 5
8 1 1 7 8
Total 18 5 45 50
1.01 - BL mesial
0.9 1 0.9 0-52
0.81 - BL distal
0.7 1 0-52
> 0.6
S 0.5
£ 0.4+
0.3 1
0.2 1 0.2
O.l - 0_1
0.0 T T T T
>0 0.01-0.49 0.5-0.99 <1
(13 implants) (8 implants) (15 implants) (8 implants)
Baseline bone level (mm)

Fig 1 Relation between mean 1-year bone level changes (BL)
and baseline bone level. Implants were stratified according to
the distance between implant shoulder and the alveolar bone
crest at baseline. Four categories of baseline bone levels were
used: < 0 mm, 0.01 to 0.49 mm, 0.5 to 0.99 mm, and > 1 mm.
Statistically significant differences between group > 1 and < 0
(P = .03) and between group > 1 and 0.01 to 0.49 (P = .01).
Rates as marked in the figure were rounded to the nearest first
decimal point.

unit, and the other two were splinted in a two-unit
restoration). All these implants were removed and suc-
cessfully replaced by new implants that were placed
2 to 3 months after removal, without immediate res-
toration (replacement implants not included in the
analysis).

The 12-month overall survival rate was 92% (46 of
50). Implant survival rate among nonsmokers was
100% (35 of 35) while among smokers survival rate was
73% (11 of 15). Survival rate excluding single implant
restorations was 96% (43 of 45).

Implant based statistical analysis showed that rate
mesial 0-12 was 0.7 £ 0.5 SD mm/year (range -0.3 to 2.1)
and rate distal 0-12 was 0.6 = 0.5 SD mm/year (range
-0.5 to 1.8). Rate mesial 0-6 was 0.7 £ 1.0 SD mm/year

1572 Volume 27, Number 6, 2012

© 2012 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.

Table 3 General Implant Data

Mean * SD Median Range
Implant length 12.37 £1.10 13.00 10-13
(mm)
Implant 3.98 +.268 3.75 3.75-5.00
diameter (mm)
Insertion 43.78 £ 6.25 45 30-50
torque (Ncm)
1SQ 71.80 £11.10 75.00 37-85

ISQ = implant stability quotient.

(range -2.3 to 3.0) and rate mesial 6-12 was 0.7 +
1.1 SD mm/year (range -1.3 to 4.3). Rate distal 0-6 was
1.0 £ 0.9 SD mm/year (range -0.6 to 4.0) and rate distal
6-12 was 0.2 + 0.9 SD mm/year (range -1.4 to 2.7).
The difference between rate distal 0-6 and 6-12 and
the difference between rate distal 0-6 and 0-12 were
statistically significant (P =.001 for both) (Table 4b). Pa-
tient based statistical analysis showed similar results
(data on file), the difference between rate distal 0-6
and rate distal 6-12 and the difference between rate
distal 0-6 and rate distal 0-12 being statistically signifi-
cant (P=.039 and P = .026, respectively). Bone changes
are presented both as absolute changes (Table 4a) as
well as the rate of bone change (Table 4b) which ac-
counts for the range of times that patients were actu-
ally examined around their scheduled appointments.

The relationship between baseline bone level and
rate is presented in Fig 1. Implants were stratified ac-
cording to baseline bone level to four categories:
(1) < Omm, (2) 0.01-0.49 mm, (3) 0.5-0.99 mm, and
(4) = 1 mm. An inverse ratio can be observed whereby
the further away the implant is placed from the alveo-
lar crest, the smaller the BL (the difference being statis-
tically significant between groups (4) and (1) (P = .03)
and between groups (4) and (2) (P =.01).

DISCUSSION

The overall 1-year survival rate of immediately restored
dental implants in patients with a history of chronic
periodontitis was 92%. Immediate restoration provides
the benefit of shorter treatment time and elimination
of the need for provisional removable prostheses. Re-
cent reports of survival rates of immediate restoration
of dental implants range between 85%'> and 100%.'¢
For comparison, in a recent publication of a prospec-
tive evaluation which reported on implant restoration
8 weeks postsurgery,’” 2 out of 43 implants in 16 pa-
tients failed at 8 weeks (survival rate of 95%).
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Table 4a Mesial and Distal Radiographic

Absolute Bone Change (mm)

Mean * SD Median Range
BC mesial 0-6 0.4+0.6 0.4 -1.4t01.6
BC mesial 6-12 0.4+0.6 0.3 -0.6t0 2.3
BC mesial 0-12 0.8+0.6 0.8 -0.3t0 2.6
BC distal 0-6 0.6+ 0.5 0.5 -0.4t0 2.0
BC distal 6-12 0.1+0.5 0.1 -1.1t01.3
BC distal 0-12 0.7 £ 0.6 0.7 -0.7t0 2.1

BC = radiographic absolute bone change. BC is presented for 12
months (0-12), for the first 6 months (0—6) and for the time from 6 to
12 months (6-12).

Survival rate in nonsmokers was 100%. A possible ex-
planation for the high survival rate is the use of stricter
patient selection criteria, the inclusion of only patients
with a clinically stable periodontal state, an inclusion
criterion which was demonstrated by low Pl and BoP,
and having partially edentulous healed sites only.

The difference in implant survival between smokers
(73%) and nonsmokers (100%) is large in magnitude
but in line with previous reports. Smoking is consid-
ered a dose-dependent risk factor for survival of den-
tal implants with a significant association for heavy
smokers > 20 cigarettes/day.'® Failures in the present
study occurred in smokers only; one smoker with 2.8
pack years and one smoker with 30 pack years. Smok-
ing has been long associated with biological failures of
oral implants.’® Immediate restoration in periodontally
susceptible patients is also prone to decreased survival
rates, eg, in a study conducted by Machtei et al, a 90%
survival rate after 1 year was observed.?° But the com-
bination of both smoking and periodontitis may be an
even more powerful risk factor. Still, according to the
present study, when selecting indications for immedi-
ate loading, smoking and periodontitis should be con-
sidered risk factors and not causative failure agents,
since not all implants in smoking patients failed.

A cluster phenomenon was observed,?’ whereby
three of the four failed implants were in one patient.
The small sample size precludes generalization; how-
ever, a similar observation was made in other stud-
ies?223 and in a previous study by the authors.°

Failed implants are of special interest because they
may shed light on parameters that may influence suc-
cess or failure, especially in cases of immediate load-
ing. Initial low primary stability, as measured by low
insertion torque (and possibly also low 1SQ levels), and
low bone density may contribute to implant failure.?
It is not yet possible to draw concrete conclusions
concerning threshold values for implant stability and
bone quality/quantity needed for immediate restora-
tion?>; yet two of the three failed implants in one pa-

Table 4b Bone Level Change Rate (mm/y)

Mean * SD Median Range
Rate mesial 0-6 0.7+1.0 0.6 -2.3t0 3.0
Rate mesial 6-12 0.7+1.1 0.5 -1.3t0 4.3
Rate mesial 0-12 0.7 0.5 0.6 -0.3to 2.1
Rate distal 0-6* 1.0£0.9 0.9 -0.6 to 4.0
Rate distal 6-12* 0.2+0.9 0.2 -1.4t02.7
Rate distal 0-12* 0.6 £ 0.5 0.6 -0.5t01.8

Rate is presented for 12 months (0-12), for the first 6 months (0-6)
and for the time from 6 to 12 months (6-12).

*Significant difference between rate distal 0-6 and 6-12 and be-
tween rate distal 0-6 and 0-12 (P = .001 for both).

tient were inserted in type 3 bone, with relatively low
insertion torque (30 to 35 Ncm) and I1SQ (57 to 59). It
was projected that splinting those two implants would
enhance their stability; however, the end result was
stillimplant failure. Degidi et al have splinted implants
with low (< 20 Ncm) to those with high (= 25 and
< 50 Ncm) insertion torque which improved the suc-
cess rate of implants with low primary stability using
immediate loading protocols for full-arch prostheses.?
Therefore, a method of predicting implant primary sta-
bility would be valuable when exploring the option for
immediate restoration. Hounsfield bone density (HU),
as measured on preoperative computed tomography,
has been proposed as such a method; correlation coef-
ficients between insertion torque and HU values were
strong and ranged from 0.768%” to 0.859.2 It was sug-
gested that implants should be loaded in sites where
radiographic bone density is over 528 HU.?’

The study of the impact of occlusion on implants
success was beyond the scope of this study; however,
it was noted that the provisional restoration of the lost
single unit 13-mm implant, which was inserted with a
torque of 50 Ncm and 85 ISQ, was rebonded 10 days
after implant placement. Possible explanations for this
incident are inadequate cementation at provisional de-
livery, or heavy occlusal masticatory forces that acted
to dislodge the restoration. Three weeks later the im-
plant was removed because of sensitivity and mobility.

In the present study, both absolute bone change
and rate of change were reported in order to account
for the issue of participants in the study presenting for
their examinations at a range of times around their
scheduled appointments. Mean 12-month bone loss
in the present study was relatively low (0.6 to 0.7mm/
year). Recently Zembic¢ et al reported 1-year results
for immediately restored one-piece 3-mm diameter
single-tooth implants.?® Mean 1-year bone loss was
higher, at 1.6 £ 1.2 mm (range -0.8 to 4.6). While rate
distal 6-12 was significantly lower than rate distal 0-6,
there was no difference between rate mesial 6-12 and

7
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rate mesial 0-6. This may indicate that different forces
act on the mesial and distal surfaces of implants, it
may be incidental or influenced by several unknown
factors, eg, operator skills, patient factors, or others,
which were not investigated in the present study.

The inverse relationship between baseline bone
level and subsequent bone loss is in line with previous
publications in animal studies3® and in humans,?' indi-
cating that subcrestal implant placement leads to high-
er bone loss, while supracrestal placement limits bone
loss. This may indicate the influence that the implant/
abutment microgap has on marginal bone levels. These
results, however, do not fit the suggestion that supra-
crestal implant positions may result in higher stress to
the marginal bone.32 To the contrary, no negative effect
of such stress on alveolar bone levels was observed.

A major drawback to this study is the lack of a con-
ventional loading control group. However, many such
publications are available. Recently, Rismanchian et
al33 reported 1-year clinical and radiographic assess-
ment of immediate loading of Astra implants in the
posterior maxilla and mandible of 10 patients with an
unknown periodontal status whose smoking status
was up to 10 cigarettes/day, and received two implants
each. They reported a 100% success rate, baseline
ISQ of 76.6 £+ 6.57 (range 60 to 86) which was slightly
higher than the present study and 1-year bone loss of
0.48 +0.21 SD mm (range 0.35 to 1.15 mm), which was
slightly lower than the present study. In the authors’
previous study,’®3* baseline insertion torque and 1SQ
were lower (39.33 + 1.27 SE Ncm and 64.07 + 1.90 SE,
respectively), whereas first year bone loss was higher
(1.19 £ 0.19 SE mm). This may reflect a combination of
a better periodontal status and the inclusion of only
healed sites (delayed/late implant placement). As men-
tioned above, this difference may be incidental or in-
fluenced by several unknown factors which were not
investigated in the present study. In the effort to get
the highest success rate and lowest complication and
failure rate, patient inclusion criteria may become too
stringent, therefore, the right balance has to be found
that would be clinically effective. Thresholds have yet to
be determined as to what should constitute the proper
criteria for immediate restoration of dental implants.

CONCLUSIONS

One year survival of immediately restored dental im-
plants in periodontally treated patients exceeds 90%
and falls within the literature range. Smokers with a
past history of chronic periodontitis seem to have a
lesser survival rate. Finally, thresholds have yet to be
determined as to what should constitute the proper
criteria for immediate restoration of dental implants.
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