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Aim: The study was designed to evaluate the effect of laser surface treatment of implants on volumetric bone changes in 
implant retained overdentures through radiographic assessment over a period of one year post loading.  
Materials and methods: Seven patients were selected from the out-patient clinic of the department of Oral and 
Maxillofacial prosthodontics, Faculty of Dentistry Ain Shams University where each patient received two implants in the 
intraforaminal region through guided surgery protocol. Each Patient received one laser-lok implant on one side of the 
mandible while the other side received an identical implant but with resorbable blast texturing surface treatment. Then each 
patient had a CBCT scan done at 0,6,12-month period following loading of the implants. The MIMCS software was then 
used to evaluate the volumetric bone changes in the peri-implant bone through the bone density readings. Statistical analysis 
was performed with paired t-test for intergroup comparisons and repeated measures ANOVA followed by Bonferroni post 
hoc test for intragroup comparisons.  
Results: The bone volume around the laser-lok implants showed a statistically significant higher values (2776.57±322.79) 
and lower percentage change rate (10.48±8.04) than the resorbable blast texturing group (2398.04±108.74) (19.37±0.20). 
Conclusion: The Laser-Lok implant increased the density of bone formed around the implant post-surgically and decreased 
the rate of volumetric bone loss around implant retained overdentures.  
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Introduction 
Edentulism is considered a 

debilitating condition that is described as the 
“final marker of disease burden for oral 
health” (1)Even though the number of 
completely edentulous patients has declined 
over the last few years, edentulism remains a 
major disease worldwide with a survey from 
the World Health Organization showing as 
many as 78% of patients aged 65 years or 
older were edentulous. (2) 

Rehabilitation with dental implants is a 
vastly successful therapeutic option for 
completely edentulous jaws, with predictable 
long-term success rates. Thus, a mandibular 
two-implant overdenture therapy has become 
the first-choice treatment option in the 
rehabilitation of completely edentulous 
patients.(3) 

Due to the vast success of the implant 
supported overdentures, a global consensus 
has been reached that states that an implant 
supported overdenture should be the first 
choice of treatment and the minimum offered 
for an edentulous mandible. Both the McGill 
Consensus and, more recently, the York 
Consensus Statement supported that 
concept.(4) 

The research in the field of implantology 
has been focused to design implant surface 
that bring about controlled and rapid 
osseointegration into the surrounding bony 
tissues. (5) The surface topography of dental 
implants is crucial for the cellular 
interactions of osteoblasts during the early 
phase of osseointegration as well as the later 
bone remodeling. Imperfections along these 
surfaces enable the osteogenic cells to adhere 
and attach to the bone, thus creating a bone-
to-implant interface.(6) 

In recent decades, Nanotechnology 
has become widely popular in different 
scientific fields and It is the technology that 
engages with the application of materials and 
devices at the nanometer scale that is from 1 
to 100 nm (one billionth of meter). In dental 

implants, nano topography affects the 
interactions between the implant and 
surrounding tissues at both the cellular and 
protein level, allowing for an improved 
osseointegration. The nanoroughness of 
dental implants also provide a wider surface 
area, better cell attachment and enhanced 
biomechanical interface with bone.  (7) 

To enhance osseointegration, it has 
been proposed to modify implant surfaces 
using laser to create the optimal surface 
roughness. The laser used onto the implant 
creates a highly-pure surface, with a fair 
regularity and a nanostructured topography.(8) 
With the application of laser processing, 
identical and constant morphologies could be 
manufactured, providing better cell adhesion 
and proliferation along surfaces. (9) 

One of the methods of altering the 
Nano topography of an implant is the laser 
ablation technique (Laser-Lok, BioHorizons, 
Birmingham, AL, USA). During the process 
of laser ablation, the implant surface is 
modified using laser micromachining which 
produces both microscale patterns as well as 
nano-channels by controlling the laser beam 
parameters.(10–14) 

 
Materials and Methods 

A single-arm randomized clinical trial 
was carried out in the department of Oral 
and Maxillofacial prosthodontics, Faculty 
of Dentistry Ain Shams University to 
investigate the effect of placing an implant 
with a laser-Lok surface treatment on the 
volumetric bone changes occurring in the 
peri-implant bone after loading the 
prosthesis. This study was approved by the 
Ain Shams Faculty of Dentistry Ethical 
committee and conducted in accordance to 
the rules of human research of the Egyptian 
dental syndicate. 

The sample size was determined using 
the online sample size calculator 
(ClinCalc.com) using an (alpha error) of 
0.05% and power (beta error) of 90% with 
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average mean of 1.0 mm and an anticipated 
mean of 0.5 mm. Seven edentulous patients 
were selected from the out-patient clinic of 
Removable Prosthodontics Department, 
Faculty of Dentistry, Ain Shams 
University. All patients were assorted into 
the same group as a split-mouth 
investigation was carried out.  

The eligibility criteria of this study 
included that patients were all males, 50-60 
years old with enough inter arch space and 
bone volume to accommodate both the 
implants and the overdenture with its 
attachment. Patients with parafunctional 
habits, uncontrolled diabetes and heavy 
smokers were excluded from the study.  

Each of the Seven patients received a 
mandibular implant-overdenture 
constructed on two implants placed in the 
canine region bilaterally.  A Laser-lok 
(Biohorizons Implant Systems, Inc, 
Alabama, USA) implant was place on one 
side and an identical implant but without 
the Laser-lok surface treatment on the other 
side thus allowing a split-mouth 
investigation to be carried out.  

Each patient received a set of 
conventional dentures fabricated using the 
traditional method of complete denture 
construction Each patient was then recalled 
for the construction of a completely 
limiting surgical guide to be used during 
the implant placement.   

Six different holes were drilled into the 
dentures using round stones size 2 to 
accommodate the radiographic markers. 
Flowable composite (Meta Biomed 
Nexcomp Flow, South Korea) was then 
injected into the pre-drilled holes and cured 
using for 20 seconds.  

Two CBCT scans were taken with the 
patient wearing the radiographically 
labelled denture and the other was a denture 
scan. The two obtained scans were then 
superimposed using the radiographic 
markers to produce a surgical guide by 3D 

laser printing using the stereo lithography 
technique.  

On the day of the surgery, two bilateral 
mental nerve block injections were then 
given to the patient along with bilateral 
Inferior alveolar nerve block. The guide 
was then properly seated and the patient 
was instructed to bite using the upper 
denture. While the guide was held in place 
by the patient’s occlusion, three fixation 
pins were used to stabilize the guide. 
(Fig.1) 

 
             Figure 1 Surgical guide Fixated in place 
 

First, a tissue punch was used to remove 
the oral mucosa covering the planned site 
of the implants through the sleeves of the 
guide. Sequential drilling protocol and the 
implants were then mounted on the surgical 
hand piece and the surgical motor was 
adjusted to the proper torque of 35 rpm The 
implants were then placed until the implant 
platform was 1 mm below the marginal 
bone and both implants were placed at the 
same level. The surgical guide was then 
removed and a screwdriver was used to 
place the cover screw over each implant. 
(Fig.2&3) 
 

 

After a period of 3 full months, the 
patients were recalled for the second phase 

Figure 3 Placement of 
implant through the guide 

Figure 2 Placement of 
implant through the 

guide 
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surgery and the exposure of the implants. A 
second surgical guide was fabricated to 
expose the implant by performing a tissue 
punch through it. The guide was then 
removed from the patient’s mouth and the 
screw covers were removed using a screw 
driver. The ball attachments were installed 
initially by hand torque then by a calibrated 
torque ratchet according to the 
manufacturer’s instructions which was 
30Ncm.  

The nylon caps were then inserted 
within the metal housings which were then 
fitted over the ball attachments in the 
patient’s mouth. The undercuts were then 
blocked out using flowable composite. 
(fig.4) 

The denture’s intaglio was then 
relieved using a metallic bur and a straight 
hand piece. Once enough space has been 
created to accommodate the housings, the 
hard pick-up (Dura Liner Hard chairside 
Reline, Reliance Dental Manufacturing, 
Illinois, USA) material was applied to the 
denture surface and inserted into the 
patient’s mouth. Once the setting time has 
passed, the denture was removed from the 
patient’s mouth and any remaining excess 
material was removed and the denture was 
polished.  

 
Figure 4 Metal Housings placed with undercut being 
blocked 
 

The CBCT (i-CAT Vision Software, 
Imaging Sciences International, Hatfield, 
PA, USA) was obtained immediately after 
implant exposure, 6 months and 12 months 
after implant insertion to obseve the 
volumetric change in the peri-implant bone. 
The MIMICS software(Materialise NV, 
Belgium) was used for the analysis of 

volumetric change in peri-implant bone 
before and after implant placement.  

The semi-automated segmentation 
technique was used to separate the implant 
and 1mm of the surrounding peri implant 
bone starting from the implant platform to 
the apex of the implant. The bone density 
was then measured and used as indication 
of the volumetric bone changes. (Fig.5) 

 
Figure 5 Bone density measurement using MIMICS 
 
Results 

At the Baseline, Group A (Laser-Lok) 
showed higher bone density value 
(3096.59±129.73) than that 
(2974.49±139.86) of group B (RBT group) 
which was statistically significant 
(p<0.001). At 6 months, the statistical 
analysis showed a significant difference 
between group A and group B (p= 0.0016) 
where group A (2933.29±295.50), still 
showed a higher bone density value than 
group B (2974.49±139.86). finally, at the 
12 months, group A maintained a higher 
bone density value (2776.57±322.79) than 
that of group B (2398.04±108.74) with the 
difference being statistically significant 
(p= 0.007). 

 
Table (1): Mean and standard deviation (SD) values of bone density 
for the studied groups 
 
 
 

 
*; significant (p ≤ 0.05) ns; non-significant (p>0.05) 
 

At the Baseline-6 months interval, 
Group B (RBT group) had a higher value 
(11.02±0.92) than group A (Laser-Lok 
group) which showed a value of 
(5.38±7.30) yet the difference was not 
statistically significant (p=0.089). At the 6-
12 months interval, however, Group (B) 

Interval 
Bone density (mean±SD) 

t-value p-value Group (A) 
Laser-Lok Group 

Group (B) 
RBT Group 

Baseline 3096.59±129.73 2974.49±139.86 217.15 <0.001* 
6 months 2933.29±295.50 2645.90±107.53 10.91 0.016* 

12 months 2776.57±322.79 2398.04±108.74 16.12 0.007* 
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Interval 

Bone density percentage change (%) 
(mean±SD) 

t-value p-value 
Group (A) 

Laser-Lok group 

Group (B) 

RBT group 

Baseline-6 months 5.38±7.30 11.02±0.92 4.11 0.089 
6-12 months 5.46±2.09 9.38±0.71 54.49 <0.001* 

Baseline-12 months 10.48±8.04 19.37±0.20 8.56 0.026* 
 

(9.38±0.71) had a significantly higher 
value than group (A) (5.46±2.09) 
(p<0.001). Finally, at the baseline-12 
months, Group (B) (19.37±0.20) had a 
significantly higher value than group (A) 
(10.48±8.04) (p=0.026).  

 
Table (2): Mean and standard deviation (SD) values of bone density 
percentage change (%) for the studied groups 

 
 
 
 

*; significant (p ≤ 0.05) ns; non-significant (p>0.05) 
 
Discussion  

The objective of this study was to 
assess the impact of implant surface laser 
treatment on the surrounding peri-implant 
bone changes with the hypothesis that the 
laser treatment of the implant surface 
enhances the density of the peri-implant 
bones as well as reduces the consequent 
marginal bone loss post loading. 

The study design was a single arm 
prospective single center randomized study 
that followed a split-mouth protocol and 
was designed to determine any differences 
in outcome between implants having a laser 
modified surface and another with 
resorbable blast texturing surface 
treatment. (15,16) 

The treatment modality for the 
edentulous mandible in this study was the 
two-implant retained overdenture since it 
represents the minimum line of treatment 
for the edentulous mandible and the more 
cost-effective option for the patients.(4,17) 

The findings of the current study 
suggest that the presence of nano/micro 
channel grooves on the implant surface 
created by the laser ablation technique has 
actually induced the formation of peri-
implant bone matrix with higher density 
and reduced the subsequent marginal bone 
loss following the loading of the implants. 

After observing the CBCT records and 
the analysis using Mimics 21.0 software 
during a 12-month follow-up period, it was 
found that there is statistically significant 
difference in the bone density between both 
groups, with different amount of bone 
change from one group to the other. 

This could be attributed to the laser-
textured surface which augments the 
surface energy and improves 
osseointegration compared with the normal 
roughened implant surface. Also, the laser 
treatment increases the hydrophilicity of 
the titanium surfaces which in turn affects 
the osteoblast alignment on titanium. In 
other studies, the differentiation of human 
mesenchymal cells into an osteoblast and 
the mineralization of bone matrix has been 
shown to be significantly enhanced in case 
of laser-textured surfaces on titanium 
implants. It might be also suggested that 
nanotextured surface allows the attachment 
of cell types that enhances the development 
of mature, well mineralized bone allowing 
early osseointegration to occur more 
rapidly adjacent to implants with laser-
textured collars. (12,18–20) 

Over the 12-months periods, group A 
(Laser-Lok) and group B (resorbable blast 
texturing) showed a decrease in the mean 
bone density surrounding the implant. This 
could be attributed to the bone loss that 
occurred crestally in response to the 
loading forces of the prosthesis transmitted 
through the attachment to the implant. The 
stresses acting on implants supporting 
overdentures increase the amount of the 
bending moment due to the prosthesis 
movement. Higher bending moments are 
generated around the unsplinted implants 
as the area of support in the bone decreases. 
The resultant micromotion has a 
detrimental effect on the bone-to-implant 
contact) and may result in greater bone 
turnover.(21,22) 
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However, Group A showed a much 
lower change in the mean bone density in 
comparison with group B due to both an 
initial higher bone density and lower loss 
of crestal bone surrounding the implant.  

Also, the attachment of the osteoblasts 
to the micro grooved surface allows stress 
transfer from the implant to the surrounding 
bone. A recent finite element analysis 
engineering study demonstrated that the 
Laser- Lok design reduced the crestal bone 
stress, in particular, the stress associated 
with collar region.(19,23) 

 
Conclusion 

The Laser-Lok implant increased the 
density of bone formed around the implant 
post-surgically and decreased the rate of 
both the linear and volumetric bone loss 
around implant retained overdentures.  
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