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Abstract: 

Introduction: Although many studies have been conducted to compare the survival rate 

of dental implants with different degree of roughness, but there is scarcity of studies that 

compare the survival rate of implants with two different surfaces and have geometrically 

identical body design. 

Purpose: The purpose of this study was to evaluate and discuss the difference in survival 

rate between two geometrically identical implant groups with two different surfaces to 

help understand the effect of implant surface roughness on their survival rate. 

Materials and methods: The data in this study were obtained retrospectively from the 

consecutive analysis of anonymous database at New York University College of 

Dentistry. The clinical records for 161 patients (102 males, and 59 females) were 

gathered. The study included 280 implants of the same identical geometrical design and 

had either RBM or SLA surface. The follow up time since the implants were restored 

ranged from 4 to 32 months (average 18 months). 

Results: A total of nine implants have failed in six patients. The overall survival rate of 

the 280 implants was 96.7%. The first group included 167 RBM implants while the 

second group included 113 SLA implants. Only one implant from the SLA group was 

lost compared to eight implants that have failed from the RBM group. The SLA implants 

group had higher survival rate of 99.1% while RBM implants group found to had a 

survival rate of 95.2%. 

Conclusion: In the limitation of this study, geometrically identical implants with either 

RBM or SLA surface have a very comparable survival rate at least on the short term.  

However, the SLA surface implants seems to be superior in the posterior maxilla with 

poor bone quality. 
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Introduction: 

The early experimental studies in the field of implant dentistry suggested that an inert 

titanium implant could be surgically inserted in an edentulous alveolar ridge. Once the 

implant in place, sequence of soft and hard tissue healing around it will follow. 

Eventually the implant can be utilized in anchoring dental prostheses.(1) Branemark 

group was the first to report that titanium implants could be incorporated within the bone 

through oxide layer and as a result, the two could not be disconnected without fracture. 

This phenomenon has been referred to as osseointegration or osteointegration, which 

mandate a direct bone-to-implant contact with absence of fibrous tissue encapsulation.(2) 

 

Ever since, the bone-to-implant interface has been studied extensively with great 

emphasis on the implant surface characteristics. On one hand, it is believed that 

osseointegration between bone and titanium implants can be achieved and maintained for 

a long period of time regardless of their surface characteristics.(3) On the other hand, the 

majority of in-vivo and in-vitro studies found that an implant surface with some degree of 

roughness has a better and an accelerated process of healing toward achieving 

osseointegration.(4) It has been shown that there is a positive relationship between the 

degree of roughness and the speed of osseointegration. One study showed that implants 

with surface roughness (Sa) ranging between 0.5-1μm have a weaker bone response 



compared to implants that have (Sa) ranging between 1-2μm.(5) One systematic review 

concluded that smooth (Sa 0.5μm) and minimally rough (Sa 0.5–1μm) surfaces show 

reduced and slower bone responses than rougher surfaces. Interestingly, moderately 

rough (Sa 1–2μm) surfaces showed better bone responses than highly rough surfaces (Sa 

>2μm).(6) It was previously shown that implants with rougher surface has more bone-to-

implant contact at period 3-6 weeks than implants with less roughened surface. In 

addition to that, a recent in vitro study found that rough surfaces (1-2μm) are more 

preferable by osteoblasts as they increased the gene expression for Cbfα1 mRNA of 

osteoblast. Osteoblast also showed an enhanced adherence and propagation on rough 

surfaces compared to machined surface implants.(7,8)  

 

Different techniques have been utilized to alter the surface topography of dental implants. 

These techniques are usually applying either additive or subtractive concepts. One of the 

early used techniques is the Titanium Plasma Spray (TPS) which is an additive technique 

results in an increase of the surface area up to six times(9). Hydroxyapatite (HA) plasma 

spray is also one of the early additive techniques developed for coating dental implants 

with biomaterials to change their surface characteristics. The early results of this 

technique were very promising as it enhanced the osseointegration of dental implants, but 

follow up studies showed that the use of plasma-sprayed HA to coat dental implants has 

increased the clinical failure which was attributed to the delamination of the thick HA 

layer and to the uncontrolled rate of dissolution of deposited phases.(10, 11) The additive 

surfaces became less preferred by clinicians than the subtractive surfaces. Long term 

follow up studies for these surfaces have shown increased risk of peri-implantitis and 



eventually led to decline in their survival rate.(6,12) TPS surfaces have also shown poor 

response to treatment of peri-implantitis. Consequently, subtractive surfaces like Sand 

blasted and acid etched (SLA), Resorbable Blast Media (RBM), and Dual Acid Etching 

(DAE), which have moderate roughness, became more popular.(13) 

 

Currently, the two major subtractive surfaces in clinical use is the SLA surface and the 

RBM surface.(9) SLA surface is created first by sandblasting with large grit particles then 

followed by acid etching to remove the remaining particles and further increase the 

roughness. The SLA surface has surface average roughness (Sa 1.78μm).(9, 14) One 

study that looked at the survival rate of SLA implants found that after 10 years period of 

follow up, these implants had 98% survival rate.(15) Simone et al also reported survival 

rate for SLA surfaced dental implants of 82.94% after a follow up period of 10-16 

years.(16) Resorbable blast media surface (RBM) is formed through propelling 

resorbable coarse bioceramics (calcium phosphate) particles on titanium metal substrate 

followed by passivation process aiming to increase the level of roughness and enhance 

the osseointegration capability of the implant. One of the advantages of this technique is 

gained via the use of calcium phosphate particles that eliminates the risk of leaving 

contaminating debris after blasting. Leaving contaminated surface is considered a 

common drawback for using other less biocompatible blasting materials. Resorbable blast 

media surface possesses average roughness around 1.5μm.(17,18) In one animal study, 

RBM surface had a higher bone to implant contact after 90 days than either of TPS, HA 

coated, and smooth surface implants.(19) As far as RBM surface survival rate is a 

concern, studies have reported comparable survival rate of 95.37% after 7 years of follow 



up period.(20)  

 

With regard to comparing the effect of the implant surface characteristics on the survival 

rate, the literature is rich with large numbers of studies investigating this issue but all of 

the mentioned previous studies cited in this article have compared different implant 

surfaces on different geometrical design. For example, Al Nawas et al compared the 

survival rate of Turned surfaced implants from Nobel Biocare to double acid etched 

surfaced implants from Biomet 3i. After periods of 49 months follow up, no difference in 

the survival rate has been found between the two surfaces.(21) In another similar study 

by Khang et al that compared the survival rate of machined surfaced implants to double 

acid etched surfaced implants found that the latter had a 9% higher survival rate of 

95%.(22)  

 

According to the author’s knowledge, there is a scarcity of clinical studies that compare 

the survival rate of two surfaces with the same exact body design. One study by Li et al 

compared the removal torque and the bone response of two identical implants with either 

SLA surface or machined and acid etched surface and found that SLA surface achieves a 

better bone anchorage and had more than 5% higher stiffness of the removal torque 

test.(23) Therefore, the aim of this study was to evaluate and discuss the survival rate of 

SLA surface to RBM surface for implants with identical geometrical design.  

 

 

 



 

Materials and Methods 

The data in this study were obtained retrospectively from the consecutive analysis of 

anonymous database at New York University College of Dentistry. The clinical records 

for 161 patients (102 males, and 59 females) were gathered. These patients have received 

a total of 280 implants all of which had the same body design with diameter ranging from 

4.1mm to 4.8mm and length ranging of 9 to 13mm (average 11mm). The age of the 

patients in this study ranged from 21 to 81 (average 55.3 years). Implants were placed in 

the period between March 2012 to February 2014. The study included 167 implants with 

RBM surface and 113 implants with SLA surface. All of the survived implants are 

restored and in function at the time of this study. The follow up time since the implants 

were restored ranged from 4 to 32 months. 

The study included only patients who had received implants of the same identical 

geometrical design and had either RBM or SLA surface (EBI Inc., Kyungsan, South 

Korea), (Figure1, 2). The surface roughness parameters for each surface represented in 

Ra and Sdr are shown in table 1 (A, B).  

Patient who had uncontrolled systemic disease were excluded from this study. All the 

patients included in this study were periodontal disease free. The bone quality was 

considered poor when the patient had type IV bone (Zarb and lekholm) and had less than 

15Ncm primary stability. All of the implants were surgically placed by the same surgeon 

(SC), while another restorative dentist restored them.  

Administrator
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Statistical Analysis  

Statistical analyses were performed using SPSS version 22, (Chicago IL-CHECK). 

Continuous data are presented as means and their associated standard deviation and 

categorical data are presented as percentages. Group-differences for continuous variables 

were assessed using the t-test (normal distributed variables), analysis of variance 

(ANOVA) or Mann-Whitney U test (non-normal distribution).  For categorical variables, 

Chi-square or Fischer’s Exact Tests were used.  

 

We performed our analysis in three steps.  First, we used two-way analysis of variance 

(ANOVA) with implant failure as the dependent variables and the type of implant surface 

as the independent variable. In the second step, we estimated the mean implant failures 

after adjusting for relevant co-variables. The relevant co-variables were defined as the 

ones that showed to be statistically significant between the SLA and RBM surfaces and 

they were time of follow-up, diameter and diabetes.  

 

Third, we determined the magnitude of the effect of the implant surface type on implant 

failures by using logistic regression analyses in which implant failure was the dependent 

variable and implant surface type and the relevant covariates (as defined above) were the 

independent variables. 5% level of significance was used.
 
 

 

 

 

 



Results:  

Statistical results  

Characteristics of the population 

Overall, this study evaluated 280 implants that were followed up for a mean of 19.2 

month (SD=6.62) and a range of 4-32 months (Figure 3). However, there was a 

significant difference in the time of follow up between SLA and RBM implants. Age, 

gender, smoking, length of the placed implants, and area of placement (posterior maxilla 

vs. not-posterior maxilla) did not differ between the two surface groups (Table 2). 

Diameters of the placed implants were higher in the SLA group and more diabetes 

subjects were present in the RBM group (Table 2).   

 

Implant failure in the two surface groups 

When we compared implants with SLA and implants with RBM surface, mean failed 

implants tended to be lower in the SLA group compared to RBM group (0.01 vs. 0.05; 

p=0.07). Due to the time of follow up, implant diameter and the number of implants 

placed in diabetes subjects were different between the two implant surface groups, we 

performed ANCOVA with these parameters as covariates. The adjusted means were 

statistically significant (p=0.039). These results showed that the mean failure is lower in 

SLA group and diabetes, smoking and follow-up time did not account for this difference.  

 

Using logistic regression, we estimated the magnitude of the implant surface effect on 

predicting implant failures. Since the covariates age, gender, smoking, anatomical area, 

implant length did not differ between the two groups, they were not included in the final 



model. However, diabetes and time to follow-up were statistically significant different 

between the two groups and therefore were included in the models. As shown in Table 3, 

three models were constructed. In our crude analysis the implant surface type was a 

significant predictor of the implant failures at a trend level (OR=5.64; p=0.11). When in 

sequential models the follow up time and diabetes were added to the models the OR 

became even stronger (OR=6.40 and 6.52 respectively) suggesting that these parameters 

did not affect the surface effect on implant failure. Pertaining to our results we observed a 

significant effect of follow-up time on the implant failure independent of the surface 

effect. Our results showed that the follow-up time was a significant predictor of the 

implant failure: with each year increase in the follow up was a significant odds of not-

failures. In other words, as the time passes the odds of failures decreased (p=0.009).  

 

Clinical Results 

The two groups of either RBM surfaced implants or SLA surfaced implants were 

analyzed. A total of nine implants have failed in 6 patients. The overall survival rate of 

the 280 implants was 96.7%. The first group included 167 RBM implants while the 

second group included 113 SLA implants. (Table 4) Only one implant from the SLA 

group was lost compared to eight implants that have failed from the RBM group. The 

SLA implants group had a cumulative survival rate of 99.1% while RBM implants group 

found to have a cumulative survival rate of 95.2%. (Table 5 A, B),  (Figure 4) 

 

 

 



Implants survival in different location: 

Anterior maxilla: 

Twenty RBM implants were placed in the anterior maxilla. Three of them were placed in 

grafted sites while the rest were placed in pristine bone. The survival rate for these RBM 

implants was 90%. The two implants from this group have failed both of them were 

placed in grafted sites. In comparison two SLA implants were placed in the anterior 

maxilla. One implant was placed in pristine bone while the other was placed in grafted 

site. The survival rate of these implants was 100%. 

Posterior maxilla: 

Eighty-eight RBM implants were placed in the posterior maxilla. Forty-eight of them 

were placed in grafted sites utilizing either sinus elevation or guided bone regeneration. 

The survival rate for these implants was 95.4%. Four implants in this group have failed 

all of which were placed in grafted sites. On the contrary, sixty-three SLA implants were 

placed in the posterior maxilla. These implants had survival rate of 98%. Twenty-seven 

of these implants were placed in grafted sites utilizing either Guided bone regeneration of 

sinus augmentation procedure. Only one implant has failed in this group, which was also 

placed in previously grafted area. 

Anterior mandible: 

In this location eleven RBM surfaced implants were placed. None of these implants was 

lost to the time of this study. No SLA surfaced implants were placed in this location.  

Posterior mandible: 

All of the implants that were placed in the posterior mandible were placed in pristine 

bone. Forty-eight RBM surfaced implants had a survival rate of 95.8% with two implants 



failures. While forty-eight SLA surfaced implants that were placed in the posterior 

mandible had 100% survival rate with no failures. 

 

Cement-retained verses screw-retained  

 

Screw retained restoration was utilized in the majority of implants’ restorations. Thirty-

nine implants were restored utilizing cement-retained restorations all of which are still in 

function at the time of this study. All of the failures have occurred in the screw-retained 

restorations with eight failures in the RBM surface group and one failure in the SLA 

surface group. 

  

 

 

Single unit verses multi units  

 

Out of two hundred and eighty implants placed, seventy-two of them had a single unit 

restoration. The rest of the implants were supporting fixed dental prosthesis. The survival 

rate of implants supporting single unit restoration was 100% for the RBM group as well 

as the SLA group. All of the nine failures have occurred in implants supporting fixed 

dental prosthesis. 

 

 

 



Discussion: 

 

The purpose of this study was to evaluate and discuss the difference in survival rate 

between two geometrically identical implant groups with two different surfaces to help 

understand the effect of implant surface roughness on their survival rate. This study 

found that there is a direct relationship between the poor bone quality and the increased 

rate of failures especially for RBM implants which were placed in augmented bone. Four 

out of eighty eight RBM surfaced implants have failed in grafted posterior maxilla. These 

failed implants were the most distal implants that supported fixed dental prostheses. The 

remaining forty implants, which were placed in native bone in the posterior maxilla, have 

all survived. Barone et al have also reported that implants in grafted posterior maxilla 

have a higher failure rate compared to the implants placed in pristine bone in the 

posterior maxilla.(24) However, their study did not address the effect of the implant 

surface on the survival rate.  

In this study sixty-three SLA implants were placed in the posterior maxilla, only one of 

them has failed. The failure has occurred in a smoker and again the implant was the most 

distal implant in three units maxillary fixed dental prosthesis. The author suggests that the 

rougher SLA surface have a compensating effect in areas with poor bone quality through 

the improved bone-implant-contact which might increase the survival rate at such area 

compared to less rough RBM surface especially during the first months of 

osseointegration. This finding has been supported with many previous studies, which 

investigated the effect of surface roughness on the survival rate of dental implants in poor 

bone quality. In one study compared the survival rate of machined and double acid etched 



implants. It was stated that machined implants had higher failure rate than double acid 

etched in areas of poor bone quality.(22) Stach et al have also reported similar results 

analyzing the survival rate of the same previous two surfaces.(25) In a more recent long 

term retrospective study of 19 years follow up, it was shown that minimally rough 

surface implant had higher failure rate than moderately rough surface implants 

(Machined Vs. SLA). The failures were more correlated to implants placed in type IV 

bone. Although the study found that rough surface implants had more failures in the long 

term than smooth surfaces, which was correlated to the occurrence of per-implantitis 

assessed by probing depth, bleeding on probing, suppuration, Plaque Index, and the 

presence of saucer- or crater-shaped bone loss in radiographs.(26) 

 

The survival rate of the RBM implants in the anterior area was 90%, which is low with 

regard to the short observation period of this study. It has been shown before that the 

anterior maxilla follows the posterior maxilla in the tendency of implant failures.(27) In 

addition to that, the two failed implants in the RBM group were placed in previously 

grafted sites. On the contrary, there were only two SLA implants placed in this area and 

they both still in function. 

The posterior mandible RBM implants had survival rate of 95.8%, as two implants from 

this group has failed in one patient, while SLA implants had a 100% survival rate. The 

same survival rates of SLA implants in posterior mandible have been reported previously 

including short implants.(28) Only two implants from the RBM group have failed. Based 

on this result, the author suggests that implant surface degree of roughness between the 

two groups does not seem to have an effect on implant survival rate at the posterior 



mandible at least for the short term outcomes.  

 

Forty-eight RBM surfaced implants and twenty-seven SLA implants were placed in 

grafted posterior maxilla. Five out of total nine failures have happened in this location. 

Interestingly, about 50% of the failures occurred in the most distal supporting implant. 

The number of failure had indirect relationship with the amount of remaining crestal bone 

before the augmentation. It has been reported in the literature that the most posterior 

implant receives the highest occlusal forces. The combination of poor bone quality and 

excess forces on the posterior implant seemed to have a major negative effect on the 

survival especially for the RBM surface group. 

In addition, six out of the nine failures have occurred when the implants were opposing to 

natural teeth. Parel et al have also reported an increase in the percentage of implant 

failure in posterior maxilla with poor bone quality where implants are opposed by natural 

dentition. They attributed the failures to the irregularities in the occlusion of the natural 

dentition.(29)  

 

This study included twenty-seven smoker subjects. Only three of the implants placed in 

those subjected had failed. All of the three implants were RBM surfaced implants. 

Although, previous studies have reported increased risk of implant failure in smokers.(30) 

However, in this study the author relates the failure of these implants to local factors like 

bone quality and occlusal factors rather than to smoking or any other systemic factors. 

One possible explanation for this is that the short-term follow up of this study may have 

prevented the smoking from manifesting a significant effect on the survival rate.  



It has been stated before that implant failures occur as a cluster in small number of 

patients rather than random incidence. This means that some groups of patients have high 

risk of losing more implants than others. Multiple factors have been suggested to 

influence the increased failure rate in these patients. In this study, three RBM implants 

have failed in one patient. After the removal of these implants, Three SLA implants have 

been placed. Until the time of this study all of them are still in satisfactory status. Burt et 

al, have reported that if an implant failure has happened in a patient there is more than 30% 

chance that this patient will lose another implant.(31) 

 

Conclusion  

 

In the limitation of this study, geometrically identical implants with either RBM or SLA 

surface have a very comparable survival rate at least on the short term.  However, the 

SLA surface implants showed fewer tendencies to fail compared to RBM surfaced 

implants.  
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   RBM      SLA  

Figure 1. Two geometrically identical implants, 4.1mm X 11mm, the RBM surfaced implant on the left and the 
SLA surfaced implant on the right. 

 

 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. SEM of RBM on the left and SLA on the right at 2000x magnification 

 
 
  



Ra High Middle Low 

Left 1.00 1.09 1.49 

Center 1.21 1.17 1.29 

Right 1.33 1.43 1.41 

Overall  1.27 SD 0.16 

Sdr High Middle Low 

Left 206.79 172.00 250.94 

Center 196.37 178.35 186.68 

Right 174.58 220.17 189.20 

Overall 179.23 SD 25.46 

Table 1. A) RBM surface Ra, and Sdr 

Ra High middle Low 

Left 1.44 1.15 1.22 

Center 1.13 1.18 1.19 

Right 1.46 1.05 1.04 

Overall 1.21 SD 0.15 

Sdr High middle Low 

Left 206.79 172.00 250.94 

Center 196.37 178.35 186.68 

Right 174.58 220.17 189.20 

Overall 197.23 SD 25.46 

Table 1. B) SLA surface Ra, and Sdr 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 3. The follow up period of all implants 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Mean (SD) = unadjusted means and standard deviations. 

 

 

 

 

 

 

 

 

 

 

 

  

 SLA Surface 

N= 

RBM Surface 

N= 

p-value 

Age [Mean (SD)] 55.3 (11.30) 57.70 (10.31) 0.165 

Gender [N (%)]: Female 40 (36.7) 52(32.1) 0.433 

Follow up [Mean (SD)] 17.58 (5.93) 20 (7.11) 0.002 

Posterior Maxilla 

 [N (%)] 

61 (54) 90 (53.9) 0.988 

Smoking 17 (15) 29(17.4) 0.607 

Diabetes 4 (3.5) 16 (9.6) 0.054 

Diameter 4.72 (0.40) 4.12 (0.12) 0.00 

Length 10.10 (0.63) 10.05 (0.23) 0.48 

Failure 0.01 (0.09) 0.05 (0.21) 0.07 

Failure Frequency 1 (0.9) 8 (4.8) 0.069 



Table 3.  Odds ratios for the implant surface type as relates to implant failures.  

      OR  95%CI   p-value 

    

 

Surface type 
    RBM      1.00  Ref 

    SLA 
Crude     5.64  0.70-45.69  0.11  

 Model 1     6.40  0.68-60.61  0.11 
 Model 2     6.52  0.69-61.72  0.10 

- Crude (only surface) 
- Model1 (variables:  Surface type, and follow up) 
- Model2 (variables: Surface type, follow up and diabetes 

 
 

 
Anterior maxilla  Posterior Maxilla Anterior Mandible Posterior Mandible 

RBM 20 88 11 48 

Failed 2 4 0 2 

Survival Rate 90% 95.40% 100% 95.80% 

SLA 2 63 0 48 

Failed 0 1 0 0 

Survival Rate 100% 98.40% N/A 100% 

Table 4. The overall survival rate of each group of implants in different locations in the mouth 

 

Interval Time (months) Implants in Interval  Implants Lost Implants Survived  Cumulative Survival  

0-3 167 0 167 1 

4-6 167 2 165 0.98 

7-12 165 6 159 0.95 

13-18 159 0 159 0.95 

19-24 159 0 159 0.95 

25-36 159 0 159 0.95 

Table 5. A) Cumulative survival rate of RBM surfaced implants 

Interval Time (months) Implants in Interval  Implants Lost Implants Survived  Cumulative Survival  

0-3 113 0 113 1 

4-6 113 0 113 1 

7-12 113 1 112 0.99 

13-18 112 0 112 0.99 

19-24 112 0 112 0.99 

25-36 112 0 112 0.99 

Table 5. B) Cumulative survival rate of SLA surfaced implants   
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Figure 4. Survival curve of RBM and SLA surfaced implants. 

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

100% 

0-3 4-6 7-12 13-18 19-24 25-36 

RBM Implants 

SLA Implants  




