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Survival rate and marginal bone change of
INNO implants placed in augmented
extraction sockets
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Background: The alveolar ridge undergoes reabsorption and atrophy subsequent to tooth removal and
thus exhibits a wide range of dimensional changes. Preservation of the alveolar crest after tooth
extraction is essential to enhance the surgical site before implant fixture placement. The aim of this
clinical study is to investigate and compare the need for additional augmentation procedures at implant
insertion, as well as the success rate and marginal bone loss for implants placed in the grafted sites versus
those placed in naturally healed sites.

Methods: Twenty patients with hopeless tooth were allocated to: 1) a test group, receiving extraction
and grafting synthetic bone. After 4 months of healing, implants were inserted in each of the sites. and 2) a
control group, receiving extraction without any graft and having intact crestal bone. The implants were
submerged and loaded at conventional loading time with metal-ceramic rehabilitation. The follow-up included
evaluation of implant diameter and length, the need for additional augmentation procedures at implant
placement, implant failure, and marginal bone level changes. All patients were followed in 1 year.

Results: The implant success rate at the 1-year follow-up visit reached 100% for both groups. No
statistically significant differences were detected for marginal bone changes between the two groups.
Conclusions: It was concluded that implants placed into grafted extraction sockets exhibited a clinical
performance similar to implants placed into non-grafted sites in terms of implant survival and marginal bone
loss. However, grafted sites allowed implant placed in the normal position of ridge when compared to
naturally healed sites.
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The range of indications for implant dentistry has
been broadened from fully- to partially-
edentulous jaws. The replacement of a
missing single tooth has become a frequent
procedure with predictable outcomes.® The
long- term stability of implants depends on the
quality and quantity of the available alveolar
bone. Limited loss of alveolar ridge height and
width to a minimum provides a better site for
placing dental implants. Moreover, the outcome
of implant therapy is no longer evaluated in
terms of implant survival alone but by
favorable esthetic and  functional results as
well.2 Such issues depend not only on the correct
positioning of the implant to ensure an
appropriate alignment of the restoration and an
adequate emergence profile,>2 but also on the
amount of bone available at the implant site to
allow maximal support and stability of
surrounding hard and soft tissue.®*

It is well documented®® that alveolar ridges
exhibit resorptive changes after tooth removal.
Alveolar bone loss can occur as a result of
iatrogenic trauma while extracting teeth or
natural post-extraction socket healing. The
alveolar process is a tooth dependent tissue
that develops in conjunction with tooth eruption.
Subsequent to tooth extraction, the alveolar ridge
undergoes reabsorption and atrophy, exhibiting
a wide range of dimensional changes.>®
Although bone fill in the socket will continue for
several months, it does not reach the level of
adjacent teeth.>’ The reabsorbed ridges do not
allow for appropriate pontic fabrication when
conventional fixed prostheses are considered, nor
do they permit the placement of endosseous
implants in a favorable prosthetic position. Because
ridge dimensions are so critical, preservation of the
alveolar crest after tooth extraction is essential to
maintain the vertical and horizontal dimensions of
the alveolar ridge. Several studies have proposed
various ridge-preservation approaches, including
placement of different grafting materials and/ or
use of occlusive membranes to avoid the
tendency for soft-tissue invagination and the
formation of fibrous tissue in the coronal portion of
the alveolus.®-'? Site preservation through socket
grafting is a predictable procedure to enhance the

surgical site before implant fixture placement.
Bone substitutes have been used in attempts to
avoid alveolar ridge resorption after  tooth
removal.'®>* Although the use of autogenous
bone is, in nearly all cases, the gold standard in
bone augmentation,® it may be considered
unreasonable to harvest autogenous bone to fill the
above limited bone deficiency. Many authors
have assessed the reliability of using either
allografts or xenografts for such purposes, which
prevent the need for an additional surgical site for
bone collection.10:13-15

A comprehensive systematic review found that
implants placed in augmented edentulous
sites had a survival rate similar to implants
placed in native bone.’® In a retrospective
analysis, Urban et al.'” reported a 100%
cumulative survival rate 6 years after loading, in
36 sites regenerated with titanium reinforced
membranes and particulated autogenous bone
graft. They reported an overall mean crestal bone
remodeling of 1.01 mm measured from the
implant abutment junction. Similarly, a 1.32
mm marginal bone remodeling was reported in a
previous study?® on 32 vertically augmented sites
with autogenous bone chips and titanium-
reinforced membranes. The authors concluded
that vertically augmented bone using guided
bone regeneration (GBR) techniques responds
to implant placement in the same way as native,
non-regenerated bone.’® In a retrospective
study by Benic et al.,'® the GBR procedure
involved grafting with a xenogenic bone
substitute covered with a bio-resorbable
collagen. The level of the marginal bone below
the shoulder of the implant at the 5-year follow-
up examination was 1.3 mm for the GBR group
and 1.6 mm for the control group. These results
demonstrated that bone regenerated by GBR in
peri-implant bone defects remains as stable over
time as pristine peri-implant bone. Although the
cumulative survival rate was lower for the implants
placed into native bone (94.1% versus 100% for the
GBR group), this difference was not statistically
significant.

The aim of this retrospective clinical study is to
test the hypothesis that there is no difference in
success rate, bone tissue remodeling, and need
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Figure 1 Socket preservation. A: preoperative panoramic X-ray view, B: extraction socket, C: socket prevervation with bone

graft, D: primary closure with coronally advanced flap

Figure 2 Comparison of the socket preservation ridge and the healed ridge. A: the sockets on 4 months after graft with the
limited buccal bone loss, B: the edentulous healed ridge with the decreased buccal bone width.

Fiqure 3 Panoramic X-rays A: before surgery, B: socket preservation, C: implant placement, D: restoration, E: 12 months after

loading

for augmentation procedures for implants placed
in grafted sites versus implants placed in
naturally healed sites. In the preliminary report,®
the ridge-preservation approach using synthetic
bone in combination with a rhBMP-2 solution
significantly limited the reabsorption of hard-
tissue ridge after tooth extraction compared to
the synthetic bone without rhBMP-2 solution.

MATERIALS AND METHODS

A retrospective clinical study was made in the Aneui
implant clinic, Hamyang, Korea between June 2011
and December2013. The patient inclusion criteria were:
1) patients with single missing teeth programmed for
restoration with dental implants; 2) partially edentulous
patients with free extremities programmed for
restoration with dental implants; 3) patients requiring
dental implant restoration of the entire dental arch; and
4) patients with sufficient bone width (minimum 6.75
mm)and height (minimum 8.5 mm). The exclusion



criteria were: 1) patients with systemic diseases
contraindicating any type of surgery; 2) patients
receiving or who have received bisphosphonates; 3)
patients with active disease of the implant bed (e.g.,
residual cysts); and 4) patients with bone atrophy
requiring bone regeneration in both width and height.

Surgical techniques

INNO® dental implant (Cowellmedi Co. Ltd, Pusan,
Korea) were placed using the same surgical protocol in
all cases. Anesthesia was provided in the form of 2%
lidocaine with epinephrine 1:100,000. A crestal incision
was made with the raising of a full thickness
mucoperiosteal flap. The space of extraction socket was
filled with CowellBMP® bone graft (Cowellmedi, Pusan,
Korea) which are composed of the rhBMP-2 and
HA/TCP biphasic particles. Suturing was carried out
with 4/0 silk for the primary closure of flap (Figure 1).
All implants in the test group were placed on 4 months
after socket preservation and loaded in the conventional
healing period after implant placement and implants
which have the healed ridge were placed without bone
graft in control group(Figure 2). The drill speed was
reduced from 1200 to 60 rpm as the drill diameter was
increased in order to reduce heating of the bone at the
implant site. Drilling was carried out under irrigation
with saline solution, and the implant was placed with a
25 rpm and 45N of torque. Panoramic X-rays (Vatec,
Anseong, Korea) were made at the appointment of
before surgery, after socket preservation and implant
placement and restoration and 12 months after loading
(Figure 3).

Image analysis
Panoramic X-rays were analyzed with Easydent viewer

Fiqure 4 Reference points on the top of implant surface
and the first contact point with bone at the mesial and

version 4.5 software (Vatec, Anseong, Korea). Two
reference points were marked on the top of implant
surface and the first contact point with bone at the
mesial and distal side of implant. The measurement
between two points was calculated to average value.
The differences between the values of the first
measurement (after implant placement) and those of the
second (12 months after loading) were used to establish
marginal bone loss (Figure 4).

Statistical analysis

The data were processed using the SPSS version 17.0
statistical package (SPSS Inc., Chicago, IL, USA) for
Microsoft Windows. The Student t-test was used for the
comparative analysis.

RESULTS

The mean age of the patients was 58.5 years with a
range from 25 to 73 years. The average loading time
was 13.4 months and the shortest time period was 10
months with 8 patients. A total 40 dental implants were
evaluated n 40 patients (21 females and 19 males). 20
Implants of control were placed in premolar (3
implants), molar (2 implants), 2™ molar (8 implants) at
maxilla and in premolar (0 implants), molar (2

Table 1 Tooth Position of implant placement

Group Premolar 1% molare 2" molar  Total
Maxilla control3 2 8 13
Mandible control
Maxilla test Mandible0 2 5 7
test
Total 4 1 7 12

0 3 5 8




Table 2 Distribution of implant lengths

Group 8 mm 10 mm 12 mm Total
Control 8 5 7 20
Test 1 8 11 20
Total 9 13 18 40

Table 3 Distribution of implant diameters

Group 4 mm 4.5 mm 5 mm Total
Control 4 13 3 20
Test 0 1 9 20
Total 4 24 12 40

Radiographic evaluation indicated that all implants were successfully osseointegrated. There were
no significant differences in mean marginal bone loss between the test group and control group

at 1 year after loading. (Table 4).

Table 4 Marginal bone change (mm) on 1 year after loading

1 Year After Loading

Group Mean + SD
Control 0. 36%0. 24

Test 0. 14+0. 09

5 0.19

implants), 2™ molar (5 implants) at mandible. 20
Implants of test group group were placed in premolar (4
implants), molar (1 implants), 2™ molar (7 implants) at
maxilla and in premolar (0 implants), molar (3
implants), 2" molar (5 implants) at mandible. The short
8 mm implant ( 9 implants) and the longer 10 mm (13
implants) and 12 mm implants (18 implants) of
diameter 4 mm (4 implants), 4.5 mm (24 implants), 5
mm (12 implants) were placed in the healed ridge (20
implants) and the socket preservation site (20 implants)
(Table 1, 2, 3).

DISCUSSION
The preservation of the alveolar bone volume
seems to be fundamental for proper esthetic

rehabilitation. In the present study, 40 implants
were inserted to replace hopeless. The height and
the thickness of the buccal bone and the level of
the alveolar peaks play a critical role, because the
papilla size, the embrasure shape, and the
emergence profile strictly depend on the anatomy
of the underlying bone. After tooth extraction, the
alveolar process is markedly reduced with
respect to both height and width; the dimensional
changes are more pronounced at the buccal
than at lingual/palatal bone walls. This is not
surprising because the buccal bone plate of the
alveolar ridge is commonly thin and fragile.’
Moreover, the space previously occupied by the
tooth and its periodontal ligament will be



replaced mainly by the trabecular bone and
bone marrow.23:24

In the esthetic zone, where the buccal plate is
often <1.5 to 2 mm thick, the pattern of bone
reabsorption makes the placing of implants more
difficult in a favorable prosthetic position
without producing buccal bone defects. A
patient with high esthetic demands, such as a
high lip line or a thin biotype, which is prone to
additional recession, represents a specific
indication for ridge  preservation.?®> In our
previous study,'® the ridge-preservation
procedures using synthetic bone graft with
rhBMP-2  reduced the bone dimensional
changes after tooth extraction, thus allowing a
more favorable implant position. This ridge-
preservation approach significantly limited the
resorption of the hard-tissue ridge after tooth
extraction compared to extraction alone.

It is well documented?6-28 that BMP bone graft isa
safe and effective without barrier membrane.

It was also found to promote bone formation and
did not interfere with bone regeneration.?’” Lee et
al.?” and Park et al®® did not detect any sign of
inflammatory in- filtrate, necrosis, foreign-body
reaction, or evidence of adverse reaction with the
use of synthetic bone with BMP-2. Xenografts
do not completely reabsorb, and they maintain
their density over long periods, thus acting as a
mineral reservoir necessary for new  bone
formation.?® The incorporation of the synthetic
bone particles in host bone creates a dense and
hard tissue network, in which the graft particles,
completely embedded in  mineralized bone,
provide support to dental implants.3°

The results of the present study show that there
were no differences in the survival rates between
implants placed into augmented and non-
augmented sites. These survival rates compare
well with findings reported in previous studies
including implants in pristine as  well as
regenerated bone.3! According to a systematic
review,3? the survival rate of implants placed
into sites with regenerated/augmented bone
using barrier membranes varied from 79% to
100% with the majority of studies indicating >90%
after 1 year of function.3? The survival rates

obtained in such a systematic review are similar
to those generally reported for implants placed
conventionally into sites without the need for
bone augmentation. Survival rates of implants
placed in vertically augmented bone with the
GBR technique appeared similar to implants
placed in native bone in a less recent clinical
trial. 18

Benit et al.’® showed that implants placed with
bone regeneration did not perform differently from
implants placed into native bone in terms of
implant survival: cumulative survival rates
reached 100% for the GBR group and 94.1% for
the control group without statistical significant
difference. The 24-month follow-up showed 100%
implant survival for implants placed in
extraction sockets grafted with three different
materials in a study by Crespi et al.3® These
results suggested that the early prognosis of
such a treatment modality is not negatively
influenced by grafting materials of different
composition.

In the present investigation, the level of the
marginal bone loss amounts to 0.036+0.024 mm for
the control group and to 0.14+0.09 mm for the test
group at the 1-year follow-up examination (Table
4). These results demonstrated that ridges
regenerated with the use of synthetic bone in
postextraction sockets remain as stable over time
as native bone. The marginal bone levels in the
present investigation were within the range of
values reported previously in long-term studies
documenting the outcome of implants placed in
native bone.®436 In a study by Nickenig et al.,3’
bone loss for machined implants progressed from
0.5 m in the healing period to 0.8 and 1.1 mm at
the 6- and 24-month follow-ups. Conversely,
bone loss for the microthreaded implants
progressed from 0.1 mm in the healing period
to 04 and 0.5 mm in the 6- and 24-month
follow-ups. In a study by Pefiarrocha et al.,38 the
marginal bone loss was 0.95 mm using digital
radiography. All the implants displayed some
extent of bone loss throughout the follow-up
period in a study by Bratu et al.3® At 12 months
after loading, the microthreaded implants and the



polished neck implants displayed 0.9 versus 1.5
mm marginal bone loss, respectively.

It is difficult to compare the results of the present
study with those of other studies because, to
our knowledge, this is the first study to assess
marginal bone loss associated with implants
placed in native bone and in sites subjected to
socket preservation. The marginal bone height
values for the control and the test groups in the
present study are in accordance with the ones
observed in previous studies!®4%4! documenting
the outcome of implants placed in native bone
as well as regenerated bone. A bone level
change of 0.8 to 1.3 mm was reported at the 5-
year follow-up examination by Buser et al.*? In
that study, as well as in our investigation, the
staged approach was chosen, in which the
bone is first regenerated and the implant
subsequently placed into a ridge exhibiting
sufficient bone volume. The level of the marginal
bone was 1.3 to 1.6 mm below the shoulder of
the implant at 5 years after implant insertion in a
study by Benic et al.'® Values of 1.73 mm for
the control group and 1.83 mm for the test
group were reported in another study at the 5-
year follow-up examination.**

The increased height and width of bone available
for implant placement, after tooth extraction,
allowed implants to be placed in proper
position (Figure 5).

Fiqure 5 Position of implant placement. A: lingual position of
implant in healed ridge, B: normal position of socket
preservation site

CONCLUSIONS

Based on the results of the present study, it can be
concluded that implants placed into sites
subjected to ridge preservation exhibited a clinical
performance similar to implants placed into non-
grafted sites with respect to implant survival and
marginal bone loss. However, it seems from
these findings that extraction alone may lead to
unpredictable healing patterns in which  the
remaining ridge does not often allow for an
esthetic and functional solution without the aid
of an additional bone augmentation procedure
simultaneously  with implant placement.
Furthermore, the height and width preservation
of the ridge allowed the emergence profile of the
implant supported rehabilitation. Thus, the ridge-
preservation approach could attain a satisfying
clinical outcome for the patients.

REFERENCES

1. Jung RE, Pjetursson BE, Glauser R, Zembic
A, Zwahlen M, Lang NP. A systematic review of
the

5-year survival and complication rates of implant-
supported single crowns. Clin Oral Implants Res
2008;19:119-130.

2. Darby 1, Chen ST, Buser D. Ridge
preservation techniques for implant therapy. Int J Oral
Maxillofac Implants 2009;24(Suppl.):260-271.

3. Buser D, Dula K, Belser U, Hirt HP, Berthold
H. Localized ridge augmentation using guided bone
re- generation. 1. Surgical procedure in the maxilla.
Int J Periodontics Restorative Dent 1993;13:29-45.

4. Buser D, Chen ST, Weber HP, Belser UC. Early
implant placement following single-tooth extraction in
the es thetic zone: Biologic rationale and surgical
procedures.

Int J Periodontics Restorative Dent 2008;28:441-451.
5. Lekovic V, Kenney EB, Weinlaender M, et al. A
bone regenerative approach to alveolar ridge
maintenance following tooth extraction. Report of 10
cases.

J Periodontol 1997;68:563-570.

6. Lekovic V, Camargo PM, Klokkevold PR, et al.
Pres- ervation of alveolar bone in extraction sockets
using bioabsorbable membranes. J Periodontol
1998;69:

1044-1049.



7. Schropp L, Wenzel A, Kostopoulos L, Karring T.
Bone healing and soft tissue contour changes
following single-tooth extraction: A clinical and
radiographic 12-month  prospective study. Int J
Periodontics Re- storative Dent 2003;23:313-323.

8. Nemcovsky CE, Serfaty V. Alveolar ridge
preservation following extraction of maxillary anterior
teeth. Report on 23 consecutive cases. J Periodontol
1996;67:390-

395.

9. Artzi Z, Tal H, Dayan D. Porous bovine bone mineral
in healing of human extraction sockets. Part 1:
Histomorphometric evaluations at 9 months. J
Periodontol 2000;71:1015-1023.

10. Artzi Z, Tal H, Dayan D. Porous bovine bone
mineral in healing of human extraction sockets: 2.
Histochemical observations at 9 months. J Periodontol
2001;72:152-159.

11. Froum S, Cho SC, Rosenberg E, Rohrer M,
Tarnow D. Histological comparison of healing
extraction sockets implanted with bioactive glass
or  demineralized freeze-dried bone allograft: A pilot
study. J Periodontol 2002;73:94-102.

12. Froum S, Cho SC, Elian N, Rosenberg E, Rohrer
M, Tarnow D. Extraction sockets and implantation
of hydroxyapatites with membrane barriers: A
histologic study. Implant Dent 2004;13:153-164.

13. Carmagnola D, Adriaens P, Berglundh T.
Healing of human extraction sockets filled with Bio-
Oss. Clin Oral Implants Res 2003;14:137-143.

14. lasella JM, Greenwell H, Miller RL, et al.
Ridge preservation with freeze-dried bone allograft and
a collagen membrane compared to extraction
alone for implant site development: A clinical and
histologic study in  humans. J Periodontol
2003;74:990-999.

15. Jung-Bo Huh, Hyo-jung Lee, Ui-Won Jung, Myung-Jin
Kim, Pil-young Yun, Su-Hong Kim, Kyung-Hee Choi,
Young-Kyun Kim, Kyoo-Sung Cho, Sang-Wan Shin.
Multicenter, randomized clinical trial on the efficacy and
safety of Escherichia coli- derived rhBMP-2 with -
Tricalcium phosphate and hydroxyapatite in human
extraction sockets. J Adv Prothodontics 2011;4:178-
182.

16. Fiorellini  JP, Nevins ML. Localized ridge
augmentation/preservation. A systematic review. Ann
Periodontol 2003;8:321-327.

17. Urban IA, Jovanovic SA, Lozada JL. Vertical
ridge augmentation using guided bone regeneration
(GBR) in three clinical scenarios prior to implant
placement: A retrospective study of 35 patients 12 to
72  months after loading. Int J Oral Maxillofac
Implants 2009;24: 502-510.

18. Simion M, Jovanovic SA, Tinti C, Benfenati SP.
Long- term evaluation of osseointegrated implants
inserted at the time or after vertical ridge
augmentation. A retrospective study on 123
implants with 1-5 year follow-up. Clin Oral Implants
Res 2001;12:35-45.

19. Benit GI, Jung RE, Siegenthaler DW, Hammerle
CH. Clinical and radiographic comparison of
implants in regenerated or native bone: 5-year
results. Clin Oral Implants Res 2009;20:507-513.

20. Aghaloo TL, Moy PK. Which hard tissue
augmentation techniques are the most successful in
furnishing bony support for implant placement? Int J
Oral Maxillofac Implants 2007;22(Suppl.):49-70.

21. Norton MR, Wilson J. Dental implants placed
in extraction sites implanted with bioactive glass:
Human histology and clinical outcome. Int J Oral
Maxillofac Implants 2002;17:249-257.

22.  Sa ndor GK, Kainulainen VT, Queiroz JO,
Carmichael RP, Oikarinen KS. Preservation of ridge
dimensions following grafting with coral granules
of 48 post-traumatic and post-extraction dento-
alveolar defects. Dent Traumatol 2003;19:221-227.
23. Cardaropoli G, Aral jo MG, Lindhe J.
Dynamics of bone tissue formation in tooth
extraction sites. An experimental study in dogs. J
Clin Periodontol 2003;30:809-818.
24. Aral jo MG, Lindhe J.
alterations  following tooth
experimental study in

the dog. J Clin Periodontol 2005;32:212-218.

25. Darby |, Chen S, De Poi R. Ridge preservation:
What is it and when should it be considered. Aust Dent
J 2008; 53:11-21.

26. Choi KH, Moon K, Sh Kim, Cho KS, Yun JH, Jang KL.
Production and purification of recombinant human bone
morphogenetic protein-2 in a E. coli expression system.
Korean J Periodontol 2008;38:41-9.

27. Lee JH, Kim CS, Choi KH, Jung UW, Yun JH, Choi SH,
et al. The induction of bone formation in rat calvarial defects
and subcutaneous tissues by recombinant human BMP-2,
produced in Escherichia coli. Biomaterials 2010;31:3512-9.
28. Park J-C, So S-S, Jung I-H, Yun J-H, Choi S-H, Cho K-S,
Kim C-S. Induction of bone formation by Escherichia coli-
expressed recombinant human bone morphogenetic protein-2
using block-type macroporous biphasic calcium phosphate in
orthotopic and ectopic rat models. J Periodont Res 2011; 46:
682-690. 29. Scarano A, Pecora G, Piattelli M, Piattelli
A. Osseoin- tegration in a sinus augmented with
bovine porous

bone mineral: Histological results in an implant re-
trieved 4 years after insertion. A case report. J Peri-
odontol 2004;75:1161-1166.

Dimensional ridge
extraction.  An



30. lezzi G, Scarano A, Mangano C, Cirotti B, Piattelli
A. Histologic results from a human implant retrieved due
to fracture 5 years after insertion in a sinus augmented
with anorganic bovine bone. J Periodontol 2008;79:192-
198.

31. Berglundh T, Persson L, Klinge B. A systematic
review of the incidence of biological and technical
compli- cations in implant dentistry reported in
prospective longitudinal studies of at least 5 years. J Clin
Periodontol 2002;29(Suppl. 3):197-212, discussion
232-233.

substitutes: Radiographic evaluation at 24 months.
J Periodontol 2009;80:1616-1621.

34. Jemt T, Lekholm U. Oral implant treatment in
pos- terior  partially edentulous jaws: A 5-year
follow-up report. Int J Oral Maxillofac Implants
1993;8:635-640.

35. Lekholm U, van Steenberghe D, Hermann I, et
al. Osseointegrated implants in the treatment of
partially edentulous jaws: A prospective 5-year
multicenter study. Int J Oral Maxillofac Implants
1994;9:627-635.

36. Weber HP, Crohin CC, Fiorellini JP. A 5-year
prospective clinical and radiographic study of non-
sub- merged dental implants. Clin Oral Implants Res
2000; 11:144-153.

37. Nickenig HJ, Wichmann M, Schlegel KA, Nkenke
E, Eitner S. Radiographic evaluation of marginal
bone levels adjacent to parallel-screw cylinder
machined-neck implants and rough-surfaced
microthreaded implants using digitized panoramic
radiographs. Clin Oral Implants Res 2009;20:550-
554.

38. Pefi arrocha M, Palomar M, Sanchis JM,
Guarinos J, Balaguer J. Radiologic study of
marginal bone loss around 108 dental implants and
its relationship to smoking, implant location, and
morphology. Int J Oral Maxillofac Implants
2004;19:861-867.

39. Bratu EA, Tandlich M, Shapira L. A rough
surface implant neck with microthreads reduces the
amount of marginal bone loss: A prospective clinical
study. Clin Oral Implants Res 2009;20:827-832.

40. Buser D, Dula K, Lang NP, Nyman S. Long-
term stability of osseointegrated implants in bone
regener- ated with the membrane technique. 5-year
results of a prospective study with 12 implants. Clin
Oral Implants Res 1996;7:175-183.

41. Zitzmann NU, Scharer P, Marinello CP, Schi
pbach P, Berglundh T. Alveolar ridge augmentation
with Bio- Oss: A histologic study in humans. Int J
Periodontics Restorative Dent 2001;21:288-295.

32. Hammerle CHF, Jung RE, Feloutzis A. A
systematic review of the survival of implants in
bone sites

augmented with barrier membranes (guided bone
regeneration) in partially edentulous patients. J Clin
Periodontol 2002;29(Suppl. 3):226-231,
discussion232-233.

33. Crespi R, Capparé P, Gherlone E. Dental
implants placed in extraction sites grafted with
different bone

42. Serino G, Biancu S, lezzi G, Piattelli A. Ridge
preser- vation following tooth extraction using a
polylactide and polyglycolide sponge as space filler: A
clinical and histological study in humans. Clin Oral
Implants Res 2003;14:651-658.

43. Serino G, Rao W, lezzi G, Piattelli A. Polylactide
and polyglycolide sponge used in human
extraction sockets: Bone formation following 3
months after its application. Clin Oral Implants Res
2008;19:26-31.

44. Shotwell J, Billy E, Wang HL. Effects of a putty-
form hydroxyapatite matrix combined with the
synthetic

cell-binding peptide P-15 on alveolar ridge preserva-
tion. J Periodontol 2008;79:291-299.

45. Howell TH, Fiorellini J, Jones A, et al. A
feasibility study evaluating rhBMP-2/absorbable
collagen sponge device for local alveolar ridge
preservation or augmen- tation. Int J Periodontics
Restorative Dent 1997;17: 124-139.



