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Abstract:Background and Objectives: This study aims to assess the bone implant osseointegration 
after the healing process of machined, reabsorbable blast material (RBM) and sandblasted and large 
acid grid (SLA) surface titanium implants placed simultaneously using graft material in rat tibias. 
Materials and Methods: The study involved 30 Sprague Dawley rats that were divided into three 
groups: machined surfaced (MS) (n = 10), resorbable blast material (RBM) (n = 10), and sandblasted 
and large acid grid (SLA) surfaced (n = 10). The titanium implants were inserted into the bone 
sockets along with the graft, and the rats were euthanized after a 4-week experimental period. The 
implants and the bone tissue surrounding them were extracted for reverse torque analysis 
(Newton’s). Results: The biomechanical bone implant contact rate was greater in SLA-surfaced 
implants than in RBM and machined surface implants (P<0.05). Conclusions: The application of 
graft material may be more effective in implants with SLA and RBM surfaces when used locally, as 
per the biomechanical parameters. 
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1. Introduction 

Dental implant supported prostheses, which are connected without connective tissue between 
the bone surface, has been a scientifically accepted and frequently used treatment option in complete 
and partial edentulism [1,2]. However, jawbone defects cause problems in the placement and 
function of dental implants in the jawbone. In order to overcome these problems, various biomaterials 
and methods are used in the jaw bone defects treatment [3]. In this age, with the increase in aesthetic 
perception and the widespread use of chairside technology, patients desire the radip resolution of 
their existing bone defects. The succesful and desirable early clinical outcome of dental implants 
depend on bone implant osseointegration. Dental implant topography is one of the most important 
parameters affecting bone implant osseointegration [4]. The categorization of dental implant 
topography can be done on a scale basis into macro, micro, and nano subgroups [5,6]. The visible 
shape of an implant defines its macrotopography [7]. The microtopography is determined by mikro 
roughness (1-100 μm) [8]. Changes in microtopography influence the growth, metabolism, 
movement, and the production of cytokines and growth factors in osteogenic cells by expanding the 
surface area [9]. It is thought that the nanotopography (1-100nm) of implants have an effect on a 
cellular and protein level [10]. Implant topography modifications fall into three interrelated 
categories; physical, mechanical and chemical [11]. Machine, SLA and RBM are micro level 
modifications in the physical category. These modifications can enhance the fibrin matrix formation 
as an osteoconductive scaffold by increasing the surface area of the implants on a micrometer scale 
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[12]. In clinical studies in which implant surfaces were evaluated in terms of bone implant 
osteintegration, it has been observed that implant surface systems do not have a complete superiority 
to each other [13,14]. It can be thought that the bone surface may have an effect on the implant 
osteointegration in implants placed simultaneously with graft material. This research intended to 
examine the osteointegration of titanium implants with turned, sandblasted, etched and roughened 
surface, which was implanted in rat tibias along with graft material, post-healing. The hypothesis of 
this study is that different implant surface treatments may affect the osteointegration of implants 
applied simultaneously with the graft material. 

2. Materials and Methods 

2.1. Animals and Study Design 

All experimental and surgical process was conducted at the Experimental Research Center of 
Firat University, in Elazıg,Turkey. Fırat University’s Animal Experiments Ethics Committee granted 
ethical approval for the research and supplied the study animals (XXX, XXX). The study adhered to 
all recommendations of the Declaration of Helsinki regarding the protection of laboratory research 
animals of the World Medical Association. Thirty healthy adult female Sprague-Dawley rats, aged 1 
to 1.5 years, were included in the study. The rats’ average body weight ranged from 250 to 300 g at 
the start of the experimental protocol. The rats were housed in a temperature-controlled environment 
using plastic cages. The rats were allowed to eat and drink freely and were exposed to a 12-hour light-
dark cycle throughout the study. The rats were randomly allocated into three groups, each with ten 
rats, ensuring similar mean weights across all groups. Experimental groups; The implant groups 
were formed from turned (n=10), roughened with fusible material (n=10) and sandblasted etched 
surface (n=10) implant groups.  

2.2. Surgical Procedures 

No additional nutritional supplements were administered before, during or after the experiment 
and no state of deprivation was applied. All surgical procedures were carried out in compliance with 
the principles of maintaining a sterile environment and preventing the growth of microorganisms. 
All subjects were administered 35 mg/kg of ketamine hydrochloride and 5 mg/kg of xylazine 
intramuscularly for anesthesia. After general anesthesia, the surgical area was washed with 
povidone-iodine and shaved. After the surgical area was cleaned with povidone iodine, it was 
covered with sterile drapes that exposed the surgical area. First, the cavities opened to the 
corticocancellous bone in the metaphyseal part of the right tibia bones of all rats were filled with 
bovine bone grafts. Then titanium implants with turned surface (n=10), roughened surface with 
soluble material (n=10) and sandblasted acidified surface (n=10) were placed inside the graft (Figure 
1). The crest was incised to access the metaphyseal part of the right tibia. The skin flap was lifted and 
the periosteum was dissected. Each tibia was made the bone sockets that measured 4 mm in diameter 
and 5 mm in length. Bone grafts were inserted into the sockets, and 2.5 mm diameter and 4 mm length 
titanium implants (TiAl6V4, Implance Dental Implant Systems, AGS Medikal Corporation, Istanbul, 
Turkey) were placed into the grafts simultaneously. After these procedures, the subjects’ skin and 
soft tissues were returned to their initial positions and closed using 4-0 prolene sutures.At the end of 
the 12-week recovery period, the subjects were sacrificed (Figure 2). Bone-implant fusion analyzes of 
the obtained samples were performed using a biomechanical reverse torque device (Figure 3). The 
data was obtained as force. Improperly placed implants were excluded from the study. 
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Figure 1. Surgical integration of the titanium implants in the metaphysial part of the 

corticocancellous bone of the tibia after the skin incision and elevation of the soft tissues. 

 
Figure 2. Titanium implants and surrounded bone tissues after the samples collection. 

 
Figure 3. Biomechanical reverse torque analysis. 

2.3. Statistical Analysis 

IBM SPSS Statistics 22 software was utilized to perform statistical analysis on the data in the 
study. The normality of the parameters was assessed using the Kolmogorov-Smirnov test. The 
Kruskal Wallis test was used to compare the non-normally distributed parameters between groups, 
and identified the group that caused the difference using the Mann Whitney U test. Significance was 
evaluated at the P<0.05 level. 
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3. Results 

When compared, the machined surface (4.04 N/cm) showed statistically significantly lower 
biomechanical bone implant osseointegration than both RBM (6.88 N/cm) and SLA (11.11 N/cm) 
surfaces. When the RBM and SLA surfaces were compared, the SLA surface showed statistically 
significantly higher biomechanical bone implant osseointegration than the RBM surface (Table 1). 

Table 1. Bone-implant fusion analysis. 

Groups N Mean (N) Minimum (N) Maximum P* Value   

Machined 9 4.04 3.2 5.2 <0.005   

RBMa1 8 6.88 4.3 11.2 <0.005   

SLAa2, b 9 11.11 5.9 19.2 <0.005   

*Kruskal-Wallis Test. a: Statistically different compared with Machined group, according to a Mann-Whitney U 
test. a1: 0,001, a2:0.000. b: bStatistically different compared with RBM group, MannWhitney U. b: 0,036. RBM: 
Reabsorbable Blast Material, SLA: Sandblasted and Large Acid grid. 

4. Discussion 

In dental implant treatment, there may not always be enough bone tissue to allow the surgical 
placement of the implant due to reasons such as; vertical and horizontal bone deficiencies, sinus 
droop, and non-ideal conditions such as low bone mineral density and osteoporosis. Graft materials 
and implants with the ideal surface properties that can be simultaneously applied with them in order 
to have successful and early clinical results in patients with bone defects have attracted the attention 
of researchers [2,4]. In this study, a statistically significant difference was found in the osteintegration 
values between the MS, SLA and RBM surface dental implants placed simultaneously with the graft. 
The biomechanical bone-implant osseointegration values of the SLA and RBM surface implants were 
found to be higher than the machined surface implants. In addition, when the RBM and SLA surfaced 
implants were compared, it was observed that the osseointegration values of the SLA surfaced 
implants were statistically higher than the RBM surfaced implants. These results suggest that implant 
surface preparation methods are not only effective in the interaction of healthy bone tissue with the 
implant surface, but also in the interaction of graft materials and the implant surface [2,4]. It has been 
reported in many studies that rough surface implants are more advantageous in bone-implant 
osseointegration than machine surface implants. Machined surfaces are used as a control group in 
studies examining implant surface properties [2,4]. Demetoğlu et al. clinically compared RBM and 
SLA surface implants in their study involving 2005 patients and reported that a significant difference 
in terms of osseointegration success between the two groups of implants was not detected [15]. In a 
study evaluating the osseointegration levels of implants with five different surfaces, Dundar et al. 
placed implants in the femurs of rats and evaluated bone-implant osseointegration with non-
decalcified histological examination. In the study, the levels of osteointegration in the SLA and RBM 
implants and the percentage of contact with bone tissue was examined, and it was stated that the two 
different surfaces did not have superiority to each other [16]. In their study examining the 
osteintegration and surface properties of nano, SLA and RBM surface-like target-ion-induced 
plasma-sputtered surface (TIPS) implants produced with 3D printed, Lee et al. discovered that 
treating the surface of 3D printed implants can help with the initial deposition of organic matrix and 
mineralized bone, however the surface comparison of features did not produce any significant results 
[17]. On the other hand, Özcan et al. compared the effects of locally applied ankaferd hemorrhage 
stopper (ABS) on peri-implant bone healing using implants with three different surfaces; RBM, SLA, 
and turned surface. It was reported that implants with SLA and RBM surfaces showed higher bone 
implant osseointegration than implants with turned surfaces and that the surface of SLA implants 
may be more effective in ABS applications [18]. In parallel with the study by Özcan et al., the 
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osteointegration success of implants with SLA surfaces were statistically higher in the present study. 
It has been observed in the current study that osseointegration was higher in grafts placed 
simultaneously with SLA_surfaced implants. In an experimental histomorphometric study on rabbits 
by Le Guehennec et al., it has been repoted that implants with an RBM surface did not make a 
statistically significant difference in osseointegration levels compared to the SLA surface implants. In 
addition, the osseointegration levels of the SLA surface implants were higher on a numerical level. It 
can be stated that the data found in this present study may be similar to the study by Le Guehennec 
et al [4]. The researchers reported that the histomorphometric and scanning electron microscobic 
samples obtained at both the 2nd and 8th weeks of the experimental period, showed that the 
osseointegration levels of the SLA-surfaced implants were numerically higher than the 
RBM_surfaced implants . Im et al. compared the osseointegration values of implants with SLA and 
RBM surfaces in a study using the canine maxilla and could not detect a statistically significant 
difference between the two implant surfaces [19]. In addition, researchers reported that SLA-surfaced 
implants showed greater osseointegration on the numerical level. This study has some limitations. In 
this study, the rat tibia model was considered suitable for this study due to its ease of application and 
use. Animal studies have been used successfully in implant research. However, the tibial bone cannot 
fully model the jawbone. In addition, the structure of the tibia bone differs from that of the jaw bone. 
The tibia is encircled by well-vascularized and bulky muscles. There are differences between 
experimental rat studies and human studies in skeletal morphology, bone tissue maturation, bone 
turnover, and healing behavior. The response of the tibia-femur long bones to graft-implant 
application may differ from that of the jawbones (mandible-maxilla) due to differences in their 
osteogenic potential. The method used in this study did not allow for a comprehensive investigation 
of the relationship between graft_implant application and peri-implant bone tissue, including 
molecular mechanisms. While experimental animal studies are necessary to clarify the relationship 
between bone and implant surfaces, the data obtained can only be used to predict pathways in 
humans. The study did not evaluate the long-term success or survival rate of the implants, which is 
an important criterion for determining implant success [20,21]. 

5. Conclusions 

In this study, the effect of implants with different surface structures and graft material placed 
simultaneously on the level of osteointegration was evaluated. The analyzes showed higher 
osseointegration at the bone-implant junction with SLA surface implants in the comparrison of the 
turned surface, SLA surface and RBM surface implant groups. In addition, it has been observed that 
the RBM surface implants with surface roughening applied by the spraying of fusible material also 
show better osseointegration than the turned surface. It is suggest that these results may be due to 
the increase in the surface area of the implant with sandblasting/acid-etching and calcium phosphate 
spraying, therefore increasing retention with the graft material. The SLA implant surface may be 
more effective in graft material applications. Further research is required to elucidate the connection 
between osseointegration, implant surface, and graft material. 
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