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Abstract

Background: Minimizing crestal bone loss following immediate implant placement is considered

the most challenging aspect in implant therapy. Implant surface topography and chemical

modifications have been shown to influence the success of Osseointegration. The Straumann�

Bone Level implant, featuring SLActive surface, has been introduced with the aim of enhancing

bone apposition. Similarly, the OsseoSpeedTM implants from Astra Tech claim to have an enhanced

osseointegration. Because of the specific features in the implant design, both companies claim that

crestal resorption is minimal with these implants.

Objective: To evaluate the osseointegration and crestal bone level following immediate placement of

Straumann� Bone Level implant and OsseoSpeedTM implants in fresh extraction sockets in Beagle dogs.

Method: The distal roots of the second, third and fourth premolars were extracted in both sides of

the mandible. The distal roots were removed using a dental elevator. A total of 60 fixtures were

installed in 10 Beagle dogs. Two types of implants were used: Straumann� Bone-Level implants,

which were 8 9 3.3 mm in size, and Astra Tech OsseoSpeedTM 3.5 S MicroThreadTM implants, which

were 8 9 3.5 mm in size. The histomorphometrical evaluation was performed at the end of 4- and

12-week healing. The implant–bone contact and bone volume percentage were assessed.

Results: The bone-to-implant contact (BIC) and the bone volume did not show any significant

changes for both types of implants. The OsseoSpeedTM implants showed 67.4% and 65.3% BIC,

respectively, at 4 and 12 weeks compared with 71.7 and 73.1 for the Straumann� Bone-Level

implants. The bone volume around both types of implants did not differ significantly at both time

periods. The crestal bone resorption was observed for both types of implants. The first BIC at buccal

side and lingual side of the implants also did not differ significantly for both implant systems.

Conclusions: This study showed that Straumann� Bone Level and OsseoSpeedTM implants induced

similar bone response after immediate implantation at 4 and 12 weeks. The immediate implant

placement resulted in peri-implant crestal bone-level changes for both types of implants.

Bone loss after tooth extraction remains an

important issue in dentistry (Carlsson et al.

1967). It is well documented that tooth

extraction is associated with dimensional

changes in the alveolar ridge. Studies have

reported that nearly two-thirds of the alveolar

bone resorption occurs within the first

3 months following tooth extraction (Araujo

& Lindhe 2005; Araujo et al. 2006; Nevins

et al. 2006). Minimizing crestal bone loss fol-

lowing immediate implant placement is con-

sidered to be the most challenging aspect in

implant therapy. The level of crestal bone

loss is also considered as one of the criteria

to assess implant osseointegration (Abra-

hamsson & Berglundh 2009).

Immediate implant placement after tooth

extraction seems to offer several advantages

when compared to the traditional approaches

(Quirynen et al. 2007). Immediate placement

of dental implants after tooth extraction

showed reduction in the alveolar bone resorp-

tion particularly on the buccal aspect of the

alveolar process (Lazzara 1989; Araujo et al.

2005; Vignoletti et al. 2009; Covani et al.

2011). However, controversial results have

also been reported. Experimental models have

shown that the placement of an immediate

implant in a fresh extraction site does not pre-

vent post-extraction alveolar bone resorption

(Araujo et al. 2005; Blanco et al. 2008; Al-Sha-

beeb et al. 2012; Hammerle et al. 2012).
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Early osseointegration events are positively

affected by implant surface topography and

chemical modifications. Studies reported that

moderately rough implant surfaces result in

higher bone-to-implant contact (BIC) com-

pared with machined surfaces (Buser et al.

1999; Cochran et al. 2002). Surface roughness

has a positive influence on cell migration and

proliferation, which in turn leads to better

BIC, suggesting that the microstructure of the

implant influences biomaterial–tissue interac-

tion (Matsuo et al. 1999; Novaes et al. 2002).

Implant systems with modified surface topog-

raphies have been introduced in the market

during the last two decades. Straumann� Bone

Level implant featuring SLActive surface has

shown enhanced bone apposition (Buser et al.

2004; Zhao et al. 2005; Bornstein et al. 2008).

The SLActive surface is created by coarse grit

blasting, followed by acid etching. Short-term

animal studies have shown better bone-to-

implant contact with these types of implants

(Ellingsen et al. 2004; Cooper et al. 2006;

Berglundh et al. 2007; Abrahamsson et al.

2008). OsseoSpeedTM implants by Astra Tech

also revealed a faster bone-healing response

and increased BIC (Berglundh et al. 2007;

Abrahamsson et al. 2008; Heitz-Mayfield

et al. 2013).

In addition to the effect of implant surface

microstructure on the final implant–bone

response, studies have shown that biome-

chanical implant design features such as

topography, surface features, stability of the

implant and the abutment microgap influ-

ence the marginal bone changes (Mertens &

Steveling 2011; Heitz-Mayfield et al. 2013).

For example, specific features, such as mic-

rothreads in the crestal implant surface area,

distribute the peak stress along the implant

and have shown to preserve peri-implant

bone (Hudieb et al. 2011).

Available data regarding the short-term and

long-term healing and crestal bone changes in

these modified implants are still limited.

Hence, the objective of the study was to evalu-

ate the osseointegration and crestal bone-level

changes following immediate placement of

Straumann� Bone Level and Astra Tech Osseo-

SpeedTM implants in fresh extraction sockets.

Material and methods

Animal model and surgical procedures

The animal study protocol was approved by

the animal ethical committee of King Saud

University, College of Dentistry, Riyadh,

Saudi Arabia, and the national guidelines for

care and use of laboratory animals were fol-

lowed. Ten healthy adult beagle dogs about

1–2 years of age were used for the study.

Root canal treatment

The dogs were premedicated using atropine

0.5 mg/kg to prevent excessive salivation and

vomiting. Ketamine HCL Injection (Parke-

Davis, Morris Plains, NJ, USA) (Ketamine 10%

8–10 mg/kg) intramuscularly (IM) and 1–3 mg/

kg IM Rompun xylazine 2% (2 mg/kg) were

used for general anesthesia. For local anesthe-

sia, xylocaine� (30 mg of 2% lidocaine with

1 : 80,000 epinephrine) was injected at the site

of the teeth to be extracted. Duphapen strep

B.P� (Pfizer SL, Alcobendas, Spain) (injectable

preparation of streptomycin, 2 ml/kg) was

given during the surgery and post-operatively.

The teeth in each quadrant were anesthe-

tized with 1.8 ml of local anesthesia (2% xylo-

caine HCL with 1 : 80,000 epinephrine)

(Xylocaine; Dentsply Pharmaceutical, York,

PA, USA) using an infiltration technique, to

reduce bleeding and to induce post-operative

analgesia. For each dog, the mesial roots of the

second, third and fourth premolars were trea-

ted endodontically on right and left sides of

the mandible. The coronal pulp chambers

were sealed with Light Cured Glass Ionomer

Cement (GC Fuji II LC Capsule; GC Corpora-

tion, Tokyo, Japan). Post-operative radiographs

were taken to assess the root canal sealing.

The distal roots of the second, third and

fourth premolars were extracted in both sides

of the mandible. These teeth were hemi-sec-

tioned using a high-speed hand piece with a

tungsten carbide bur (Caulk super bur,

Dentsply, Milford, DE, USA) to separate the

mesial and distal roots. The distal roots were

removed using a dental elevator. Lower root

dental extraction forceps were placed care-

fully on the crown to rotate the tooth and

remove it from the alveolus.

Implant installation

A total of 60 fixtures were installed in 10

beagle dogs. Two types of implants were

used: Straumann� Bone-Level implants,

which were 8 9 3.3 mm in size, featuring

SLActive� surface with uniform thread

design (The Straumann� Dental Implant Sys-

tem, Basel, Switzerland), Astra Tech Osseo-

SpeedTM 3.5 S MicroThread TM implants,

which were 8 9 3.5 mm in size with micro-

thread design at the coronal top of the

implant (Astra Tech AB, M€olndal, Sweden).

Each dog received six dental implants; three

fixtures of one implant system were placed in

each side of the mandible. The two implant

types were alternatingly installed in the left or

right side of the mandible (Table 1). Fixture

placement was performed under sterile condi-

tions, using copious irrigation with sterile sal-

ine throughout the procedure. The surgical

implant preparations of the Straumann� Bone

Level and Astra Tech OsseoSpeedTM implants

were performed according to the manufac-

turer’s guidelines. All of the implants were

placed at the level of the buccal bone crest. A

cover screw was placed, and the cover screw

was kept exposed above the gingival margin

(Fig. 1). Periapical radiographs were taken for

all of the implants after placement to check

the implant position.

Following the surgery, a broad-spectrum

antibiotic (clindamycin 4 mg/kg body weight)

and ibuprofen 600 mg (three times a day)

were administered intramuscularly for

7 days. The dogs were kept on a soft diet dur-

ing the study period. The dogs were exam-

ined every week, to evaluate the healing of

the surgical site and monitor any weight

changes. None of the implants in the study

were loaded. After 1 week, the animals were

sedated for the second post-operative treat-

ment. The surgical areas were swabbed with

0.12% chlorhexidine gluconate mouthwash,

and sutures were removed. Radiographs were

taken to assess the position of the implants.

Of the 10 dogs, five were euthanized after

4 weeks of healing and the remaining after

12 weeks. After the completion of the healing

period, each animal was premedicated with a

combination of Haloperidol (Haldol�; Janssen

Pharmaceutica, Beerse, Belgium) and Fentanyl

(Sublimaze�; Janssen Pharmaceuticals, Titus-

ville, NJ, USA). Later, a lethal dose of

Table 1. Distribution implants in 10 dogs used in the study (three implants on each side)

Dog no. Left side Right side

1 Straumann� Bone Level Astra Tech OsseoSpeedTM

2 Straumann� Bone Level Astra Tech OsseoSpeedTM

3 Astra Tech OsseoSpeedTM Straumann� Bone Level
4 Straumann� Bone Level Astra Tech OsseoSpeedTM

5 Astra Tech OsseoSpeedTM Straumann� Bone Level
6 Astra Tech OsseoSpeedTM Straumann� Bone Level
7 Straumann� Bone Level Astra Tech OsseoSpeedTM

8 Astra Tech OsseoSpeedTM Straumann� Bone Level
9 Straumann� Bone Level Astra Tech OsseoSpeedTM

10 Astra Tech OsseoSpeedTM Straumann� Bone Level
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Thiopental (Pentothal�, Pharmacia & Upjohn,

Gurgaon, India) was injected intravenously

under general anesthesia. The vascular system

was perfused with physiologic saline, followed

by 4% neutral formaldehyde as a fixative.

Histological preparation

After euthanasia, the mandibles were removed

and put into fixative of 10% neutral buffered

formalin solution. Radiographs were made in

bucco-lingual direction to identify the exact

implant position. All specimens were dehy-

drated in a graded series of ethanol (70–100%)

and eventually embedded in methyl methacry-

late (MMA). The sections (10–15 lm) were

made in a bucco-lingual direction. All sections

were stained with basic fuchsin and methy-

lene blue and examined with a light micro-

scope (Zeiss – Axio Imager Z1 automated

microscope with AxioCam MRc5 digital cam-

era and AxioVision V6.3.2. acquisition soft-

ware, G€ottingen, Germany).

Histological and histomorphometrical analysis

Histomorphometry was performed using digi-

tal image analysis software (Leica Qwin Pro-

image; Leica Imaging Systems, Cambridge,

UK).

Two quantitative parameters were assessed:

a. Percentage of bone-to-implant contact

(BIC%). Measurements were performed

along the entire length of the implant.

The amount of bone contact was defined

as the percentage of implant length at

which there is direct BIC without inter-

vening soft tissue layers.

b. Percentage of the peri-implant bone area

(BA%). The bone mass around the implant

was analyzed in a rectangular region of

interest (ROI-1000 lm).

c. The linear distance from middle of the top

of the implant to the first BIC was mea-

sured (in mm) for each implant. This was

carried out on the buccal side and lingual

side of the implant.

Statistical analysis

All measurements were statistically evalu-

ated using GraphPad Instat, version 3.10

(GraphPad Software Inc. San Diego, CA,

USA). Mean values and standard deviations

(SD) were calculated. The method of Kol-

mogorov and Smirnov was used to confirm

that the data were sampled from populations

that follow Gaussian distributions. For com-

parison of data, repeated measurements of

one-way analysis of variance (ANOVA) were

used with a Tukey’s post hoc test. Addition-

ally, unpaired t-tests were performed for each

experimental group to determine differences

between the two implantation periods (4 and

12 weeks). Differences were considered

statistically significant at P < 0.05.

Results

General observations

All animals remained in good health during

the experimental period and did not show any

post-operative wound-healing complications.

Radiographs taken after implant installation

revealed the presence of a crestal microgap

between the implant surface and the alveolar

bone wall (Fig. 1). The soft tissues around the

implants after 4 and 12 weeks did not show

any sign of inflammation or adverse tissue

reactions. Of the 60 implants placed, 55

implants were retrieved. Three Straumann�

Bone Level and two OsseoSpeedTM dental

implants were lost during the healing period.

Descriptive histological evaluation

Light microscopic examination demonstrated

that generally all sections showed bone appo-

sition and ingrowth of newly formed bone

into the gap around the implants without

any intervening layer of fibrous tissue

(Fig. 2). Analysis of the histological sections

(a) (b)

(c) (d)

Fig. 1. The surgical procedure. (a) After root canal restoration. (b) Splitting of the tooth before extraction. (c)

Implant installation. (d) Radiograph showing the implant in position.

Fig. 2. First bone-to-implant contact at lingual and buccal areas.
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after 4 weeks revealed an intimate contact

between implant and surrounding bone

(Fig. 2) for both experimental groups. The

histological sections showed a noticeable dif-

ference in bone response and crestal bone

loss pattern at buccal and lingual surfaces

(Table 2). After 12 weeks, evidently bone

ingrowth had increased for all implants com-

pared with 4 weeks of implantation and com-

pact lamellar bone filled most of the gap area

(Figs 3 and 4). Bone ingrowth had also pro-

ceeded into close proximity of all the implant

surfaces. Crestal bone loss was found around

most of the implants in both groups.

Bone-to-implant contact

The BIC contact percentage is depicted in

Fig. 5. The OsseoSpeedTM implants showed a

BIC percentage of 67.4 � 27.1 at 4 weeks and

65.3 � 20.9 at 12-week healing, whereas the

Straumann� Bone-Level implants had a BIC

percentage of 71.7 � 26.9 at 4 weeks and

73.1 � 17.5 at 12 weeks. Even though the

BIC of the Straumann� Bone-Level implants

seemed higher than that of the OsseoSpeedTM

implants, the difference was not statistically

significant.

First bone-to-implant contact at buccal and
lingual sides

The first BIC on the buccal and lingual sides

was independently assessed at both sides of

the histological sections. The measurements

are shown in Table 2. There was no signifi-

cant variation in the first BIC at both buccal

and lingual of the two types of implants at

both time intervals.

Bone volume percentage (BV)

The bone volume percentage for both implants

in 4- and 12-week healing is shown in Fig. 6.

Even though the bone volume showed an

increase at 12 weeks of implantation, this dif-

ference was not statistically significant. There

was also no significant difference in bone vol-

ume percentage between OsseoSpeedTM and

Straumann� Bone-Level implants.

Discussion

The objective of the present study was to

evaluate and compare the crestal bone-level

changes and the osseointegration of the

Straumann� Bone Level and OsseoSpeedTM

dental implant after 4 and 12 weeks of

implantation. The evaluation was based on

histological and histomorphometrical assess-

ment. The implants used differed in wettabil-

ity, surface chemistry and microthread

configuration in the coronal region of the

implant. All these surface characteristics can

influence the final bone response (Junker

et al. 2009). Further, it has to be noticed that

in the current study, no negative control

group (i.e., crestal bone alteration following

tooth extraction without immediate implant

installation) was included. This was done by

purpose, as bone alterations following tooth

extraction has been the topic of earlier inves-

tigation by another group at King Saud Uni-

versity (Al-Askar et al. 2013). A similar

comment has to be made about the lack of a

positive control (crestal bone alteration after

immediate implant installation). This aspect

of dental implant placement in dogs has

already been reported by others (Kim et al.

2007; Al-Marshood et al. 2011). In addition, a

comparison of all different effects of tissue-

level implants on bone alterations is beyond

the scope of this study and would require the

use of a too high number of experimental

animals.

The survival rate of implants in the current

study was affected by the early failures of

three Straumann� Bone Level (SLActive�)

implants and two OsseoSpeedTM dental

implants. Failures may be due to lack of pri-

mary stability, as it was noticed that the

failed implants were already mobile at

4 weeks of implantation. It can be hypothe-

sized that this loss of implants is due to the

presence of a microgap (see radiograph as

depicted in Fig. 1) as exists after immediate

implant installation between the implant

surface and the inner wall of the alveolar

bone. As Beagle dogs are a very inbred type of

animal, the anatomical differences between

the various dogs are very limited. As a conse-

quence, the width of the microgap had about

the same dimensions for all installed

implants. Therefore, we decided not to quan-

tify the width of the microgap. Nevertheless,

we cannot exclude that its presence in com-

bination with bone damage due to root

extraction and implant drilling resulted in

preliminary loss of implants.

The histological sections revealed signifi-

cant loss of crestal bone around both types of

implants following immediate implant instal-

lation. This is in agreement with earlier stud-

ies, which showed also marked bone

alteration following immediate implant

placement in fresh extraction site (Araujo

et al. 2005; Blanco et al. 2011; Bonfante et al.

2013). Covani et al. (2011) demonstrated that

immediate placement of dental implants into

fresh extraction sockets helps reduce the rate

of buccal bone resorption after tooth extrac-

tion. The results of this study contradict the

findings of the current experiment. In the

present study, the crestal bone level is found

to be more at the buccal side than the lingual

side. This is in agreement with several exper-

imental and clinical studies that showed

higher amounts of buccal bone resorption

compared with resorption of the lingual bone

plate following immediate implant place-

ment in fresh extraction site (Araujo et al.

2005, 2006; Blanco et al. 2011; Bonfante et al.

2013).

Bone remodeling is a complex process in

which old bone is removed by the process of

resorption and is replaced by new bone. It

has been suggested that, after tooth extrac-

tion, the blood vessels to the bone walls are

severed, thereby causing bundle bone resorp-

tion (Araujo & Lindhe 2005). In the present

study, marked hard tissue alterations

occurred following tooth extraction and

immediate implant placement at lingual and

buccal bone crests. Araujo et al. (2005) and

Blanco et al. (2011) reported that the place-

ment of an implant in the fresh extraction

site does not prevent alveolar bone remodel-

ing that occurred in the walls of the sockets.

Araujo et al. (2005) reported 2.5 mm of buc-

cal bone resorption after 3 months of healing

of immediately placed implants. The same

observation was reported by Blanco et al.

(2011) where the crestal bone resorption was

more pronounced at the buccal aspect. Bonf-

ante et al. (2013) compared buccal and lin-

gual crestal bone alterations to implants with

four type of surface treatment (anodized, dis-

crete crystalline deposition, SLActive and

microblasted) following immediate implanta-

tion. They observed more buccal bone loss

between 2 and 4 weeks following implant

placement with no significant difference in

the mean crestal bone resorption between

four implant systems. This observation is in

agreement with the current study. The

variation observed in the buccal crestal

bone resorption between OsseoSpeedTM and

Table 2. The first BIC on the buccal and lingual sides of the implants at 4 and 12 weeks

Implant type

First BIC – buccal First BIC – lingual

4 weeks 12 weeks 4 weeks 12 weeks

Astra Tech OsseoSpeedTM 1.87 � 1.43 1.25 � 1.00 1.83 � 1.46 1.54 � 0.83
Straumann� Bone Level 1.02 � 0.74 1.39 � 1.01 1.84 � 1.24 1.66 � 0.79

BIC, bone-to-implant contact.
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Straumann� Bone-Level implants at 4 weeks

could be explained by the difference in the

implant diameter (3.3 vs. 3.5 mm). The

implant diameter and the socket size play a

role in the marked crestal bone-level altera-

tions (Botticelli et al. 2004; Vignoletti et al.

2009; Ferrus et al. 2010). Vignoletti et al.

(2009) showed that with a 3.25 mm diameter

implant, the amount of buccal bone resorp-

tion was significantly higher in the third pre-

molar area in comparison with fourth

premolar area. Moreover, Araujo et al. (2006),

in a similar model using two different socket

sizes, found more bone resorption in the

socket of reduced diameter in comparison

with the larger one. The larger the horizontal

gap, the greater the amount of newly formed

bone (Botticelli et al. 2004; Ferrus et al.

2010).

This present investigation demonstrated

that buccal crestal bone resorption is more

pronounced around OsseoSpeedTM implants

when compared to Straumann� Bone Level

(SLActive�) implants at 4 weeks after imme-

diate implantation. This could be attributed

to the chemically modified SLA surface

Straumann� Bone Level implant, which has

an enhanced stabilization property of the

blood clot (Schwarz et al. 2007, 2010),

thereby stimulating the cellular processes of

the wound-healing cascade. We observed

more crestal bone resorption at the lingual

side than at the buccal crest for the Osseo-

SpeedTM and Straumann� Bone Level (SLAc-

tive�) implants at 12 weeks. The difference

between the two implants was not statisti-

cally significant. SA similar finding was

reported by Calvo-Guirado et al. (2010),

where the amount of the buccal bone resorp-

tion was less pronounced than resorption of

the lingual aspect. However, this observation

regarding the lingual crestal bone resorption

contradicts the findings of several other stud-

ies (Araujo & Lindhe 2005; Araujo et al.

2006; Blanco et al. 2011). Al-Shabeeb et al.

(2012) reported that crestal bone remodeling

is significantly more extensive around imme-

diate implants placed in multiple tooth

extraction sites compared with immediate

implants placed in single tooth extraction

sites. Emphasizing the importance of inter-

dental blood supply to the buccal alveolar

bone crest, this blood supply will be dimin-

ished in case of multiple contagious teeth

extractions. In the present study, the surgical

protocol was similar to the procedure by

Calvo-Guirado et al. (2010). The remaining

mesial roots were preserved by elective root

canal treatment, which might help to keep

the interdental blood supply to the buccal

bone crest.

Araujo et al. (2006) reported that the thin-

ner the bone wall and closer the implant

placed to this wall, the higher the risk of

compromised healing and occurrence of bone

dehiscence. This finding is in agreement with

the present study. Also, it must be empha-

sized that the surgical trauma subsequent to

the extraction plays important role in crestal

bone resorption (Al-Shabeeb et al. 2012). The

separation of the periosteum and its discon-

nection from the underlying bone surface

will cause vascular damage and an acute

inflammatory response, which in turn will

mediate the resorption of the exposed bone

surface (Wilderman 1963; Staffileno et al.

1966; Wood et al. 1972).

Histological examination of the 4-week

histological sections showed that evidently

both implant types stimulated coagulum

formation between the gap as left between

the implant surface and fresh extraction

socket. Crestal bone resorption was evi-

dent at both healing periods with the two

types of implants studied. Marginal gaps

in the premolar areas between the implant

and the socket walls, which were present

at the time of implantation, disappeared as

a result of newly formed bone filling. A

study involving an immunohistochemical

Fig. 3. Histological section of the Straumann� Bone Level implant. Note the dense bone around the implant. Bone

loss at the crestal area can be seen (Objective 109).

Fig. 4. Histological section of the OsseoSpeedTM implant. Dense bone is surrounding the implant. Note the bone

loss at the crestal area (Objective 109).

Fig. 5. The BIC percentage of both implants at 4-week

healing and 12-week healing. BIC, Bone-to-implant con-

tact.

Fig. 6. The bone volume percentage of both implants at

4- and 12-week healing.
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analysis of the initial angiogenesis revealed

that the organization of blood clots

seemed to have been initiated within 24 h

after implant placement (Schwarz et al.

2007). After a month, this coagulum had

been replaced by newly formed, immature

bone, which also made contact with the

rough surface of the implant in the mar-

ginal gap region. This observation is in

agreement with previously reported find-

ings (Berglundh et al. 2003; Araujo et al.

2005).

Evaluation of the BIC percentages demon-

strated no significant difference between

Straumann Bone level and OsseoSpeedTM

implants at both healing periods. The

amount of measured bone contact agrees

with several other studies in which similar

implant systems were used (Junker et al.

2009; Bonfante et al. 2013).

Conclusions

Within the limitations of this study, it can

be concluded that both Straumann Bone

Level and OsseoSpeed implants showed cres-

tal bone loss after immediate implant place-

ment in fresh extraction site in a dog model.

Similar healing pattern was observed with

both types of implants at 4- and 12-week

healing.
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