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ABSTRACT

Purpose: The aim of the study was to evaluate the crestal bone height changes around laser 
grooved implants with mandibular overdenture.

Materials and Methods: The study sample comprised of 10 completely edentulous male 
patients with age range between 40-60 years. In each patient, two laser grooved implants were 
placed in the interforaminal area. Implants were exposed after three months of healing, and ball 
abutments were used to retain the mandibular dentures. Crestal bone changes were evaluated 
using long cone paralleling technique after 0, 6 and 12 months. Data were collected, tabulated and 
statistically evaluated.

Results: The results showed that mean change in marginal bone height throughout the 12 
months follow-up period was 1.12 mm. T-test showed insignificant difference regarding effect of 
time on bone height changes from baseline to 6 months, from 6 months to 12 months, and from 
baseline to 12 m as P > 0.05,

Conclusion: From the results of this study, it could be concluded that laser grooved implant 
retained overdenture showed minimal bone height changes after 1 year from prosthetic loading.
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INTRODUCTION 

Edentulous patient usually suffer from lack of 
optimal stability and retention especially with their 
mandibular dentures in cases of severely resorbed 
ridges. Implant retained overdenture is considered 
a reliable treatment modality that contributes to a 
more favorable and successful prosthesis. It provides 
better chewing and masticatory performance, less 
complaints and higher satisfaction when compared 
with conventional complete denture. [1-3] 

Until the 1990s, dental implants had primarily 
machined smooth surfaces. Imperfections along 
these machined surfaces enable osteogenic cells 
to attach and to deposit bone. Implants with 
smooth machined surface have the disadvantage of 
requiring long time for osseointegration, about 3 to 
6 months depending on the anatomical location and 
the quality of bone. [4] Titanium implant surfaces 
have been modified in various ways to improve 
biocompatibility and accelerate osseointegration, 
which results in a shorter treatment time period for 
a patient. [5]

The surface modification methods can be 
divided into subtractive and additive methods. 
The subtractive methods remove material from 
the implant surface, such as grit blasting, acid 
etching, anodization and laser ablation. Whereas 
the additive methods add material, by methods like, 
hydroxyapatite coating, calcium phosphate coating 
and recently titanium plasma spraying.[4]

Surface roughness can be divided into three lev-
els depending on the scale of the features: Macro-
sized topography, micro-sized topography and na-
no-sized topography. The macro topography of an 
implant is determined by its visible geometry, for 
example, threaded screws. Numerous reports have 
shown that appropriate macro topography improves 
both the primary implant fixation and long-term me-
chanical stability. [6,7] 

In recent years, scientific effort was mainly fo-
cused on micro- and nanotopography. Microtopog-

raphy is linked to microroughness ranging from 
(1–100 μm) and is achieved by fabrication methods 
like acid-etching, anodization, sandblasting, and 
different coating materials [8]. Implant surfaces with 
microtopography have shown greater percentage 
of bone-to-implant contact and higher resistance to 
torque removal when compared with machined or 
polished titanium surfaces. [9]

While the micro topography of the implant 
surface has been proposed to act at the cellular level 
of osseo-integration [10], nano-topography is thought 
to influence cell-implant interactions at the cellular 
and protein level [11].

Nano-surface topography scale ranges from 1 to 
100 nm. Changes in nanotopography convey their 
effects at a physical, chemical, and biological level. 
At the nano-scale, a more textured surface topog-
raphy increases the surface energy. A high surface 
energy increases its wettability to blood, and the 
spreading and binding of fibrin and matrix proteins. 
It thus favors cell attachment and tissue healing, 
particularly directly after implantation, which is an 
important point in the osseointegration process. [4,12]

Numerous reports have shown that bone-implant 
contact, the removal torque values, the early fixa-
tion and long-term mechanical stability of the im-
plant can be improved by a high roughness profile 
compared to smooth surfaces [13, 14] However, a ma-
jor risk with high surface roughness may be an in-
crease in peri-implantitis as well as an increase in 
ionic leakage. [5, 15]

Surface treatment by sand blasting implies 
blasting the implant with hard ceramic particles 
which are projected through a nozzle at high velocity 
by means of compressed air. Various ceramic 
particles have been used, such as alumina, titanium 
oxide and calcium phosphate particles. Alumina 
(Al2O3) is frequently used; however it gets impeded 
in the implant surface. Being insoluble in acids 
makes it hard to remove from the implant surface.  
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These particles can release into the surrounding tissue 
and interfere with osseointegration. Additionally, 
the chemical heterogeneity of the implant surface 
may decrease the excellent corrosion resistance of 
titanium in a physiological environment. [16]

Recently, the technique of blasting followed by 
acid etching has been commonly used for surface 
treatment. Blasting achieves a favorable roughness, 
while the acid etching smoothness the peaks and 
increases protein adherence, which is considered 
important during the initial bone healing process. [17]

Another possibility for roughening titanium den-
tal implants consists of using a biocompatible, osteo-
conductive and resorbable blasting material like cal-
cium phosphate and hydroxyapatite and beta-trical-
cium phosphate. Unlike alumina; they are resorbable 
and easy to remove from the implant surface without 
the need to strong acids. Leading to, clean implants 
without contamination from acids. [18]

Laser ablation was suggested by many authors 
to mechanically create surface roughness. Laser can 
produce micro- or nano-roughness. Laser has many 
advantages over the other mechanical methods used 
to create surface roughness such as, the ability to 
create topography of uniform size and shape; also 
it is a very reproducible roughness. Laser acts in 
a no contact mode leading to contamination-free 
implants. [19]  

In a study done by Branemark et al [20] they 
evaluated the biomechanical and histological bone 
response to laser-induced micro- and nano-scale 
implant surface roughness in comparison with 
machined implants. After an early 8-week healing 
period in rabbit tibia and femur, a 250% increase 
in removal torque was demonstrated for the laser-
treated implants. Histologically, significantly more 
bone was found in direct contact with the laser-
modified surface for the implants. They concluded 
that the micro- and nano- surface roughness and 
surface oxide formed by laser treatment increased 

the amount of bone formed in direct contact with 
the implant.

Soft tissues attachment to laser microgrooved tita-
nium abutment surfaces was examined histologically 
and microscopically by polarized light and scanning 
electron microscopy. After 6 months of healing, per-
pendicular collagen fiber bundles was attached me-
chanically on the laser treated surfaces. [21]

Numerous studies also reported shallower 
pocket depth and less peri-implant crestal bone 
loss around laser surface treated implants when 
compared to machined implants, [22-25] and faster 
osseointegration. [26]

AIM OF THE STUDY

The aim of the study was to evaluate the bone 
height changes around laser grooved implants 
supporting mandibular overdenture after one year 
of loading.

MATERIALS AND METHODS

Ten healthy completely edentulous male patients 
were selected with age range 40-60 years from the 
clinics of Faculty of Oral and Dental Medicine, Fu-
ture University in Egypt. All patients selected were 
healthy and have well keratinized mucosa, bone 
width of 8mm and bone height to accommodate 
10mm implant (Biomate implant system, Biomate 
Medical Devices, Taiwan). The selected patients 
were aware of the nature of the research work and 
patient’s approval was obtained by written consen-
sus. The research work was approved by Future 
university ethics committee, approval number FUE.
REC (10)/10-2017. Participant flowchart is shown 
in figure (1).

After clinical and pre-operative radiographic 
assessment with panoramic radiograph, all patients 
received a new conventional complete denture. 
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Fig. (1) Participant flowchart

Scan appliance construction:

A scan appliance of the finished denture was 
constructed to be worn by the patients during 
the CBCT scan to aid in CBCT interpretation.  
The denture was duplicated in a radiopaque ma-
terial using a mix of self-cure acrylic resin (Cold 
cure special tray material, Acrostone, Egypt)- and 
barium sulphate (12%). Holes were drilled in the 
surgical guide in the proposed implant positing be-
tween lower lateral and lower canine [27] as shown in  
figure (2).

For each patient, following clinical and 
radiographic examination, two root form dental 
implants with internal hex, 10° Morse taper, 
trapezoid self-tapping thread design with thread 
depth of 0.3mm and laser surface treatment was 
selected (Biomate implant system, Biomate 
Medical Devices, Taiwan). The implants were ⌀4.1 
in diameter and 10mm in length. 

This radiographic guide was then converted into 
a surgical guide by reducing anterior teeth height 
and anterior labial flange as shown in figure (3). 

Fig. (2) (A) Denture duplication (B) Scanning appliance.

Surgical Preparation & Procedure

One hour pre-operative, Amoxicillin was admin-
istered as prophylactic antibiotic. Mandibular men-
tal block anesthesia and infiltration was given bilat-
erally using Mepivacaine-L 2% carpule (Mepecain-
L, AlexandriaCo. Pharmaceuticals, Egypt). After 
confirming that the tissues were anaesthetized, the 
surgical stent was introduced and bleeding points 
was done by probe in the proposed implant sites. 

Using a No. 15 surgical Bard-Parker blade 
(SteriLance Medical, Suzhou Inc, Jiangsu, China) 
a crestal incision was performed down to the bone 
extending 1 cm distal to the proposed implants sites. 
A full thickness mucoperiosteal flap was elevated 
labially and lingually. Handpiece torque and rpm 
setting was set according to the manufacturer in-
structions. 

Drilling was done insuring parallelism between 
the osteotomies. After completion of the preparation 
the implants were carried out of its sterile vial and 
screwed until resistance is felt, then the Torque 
Ratchet (Biomate implant system, Biomate Medical 
Devices, Taiwan) was used to complete the implant 
insertion to the full depth until the implant top 
was below the bone surface and adequate torque 
of minimum 35 Ncm achieved, cover screw was 
threaded into the implant and finally, the flap was 
repositioned and secured by interrupted suture and 
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horizontal mattress suture using 4/0 black silk suture 
(International Sutures Manufacturing Co., Egypt). 

Patient was instructed to bite down on sterile 
gauze pack soaked in saline (Sterile sodium chloride 
0.9%, FIPCO, Egypt) for 30 minutes to ensure that 
any post-operative bleeding stops. Post-operative 
instructions were given. The patients were recalled 
after two weeks for suture removal. 

Abutment connection and loading

After 3 months of healing, implants were ex-
posed and healing collars were screwed into the im-
plants. Then the two implants were tested for signs 
of successful osseointegration. 

The areas opposing the healing collar on the 
denture fitting surface was marked and relieved by 
acrylic stone to allow seating of the denture and 
tissues were left to heal for two weeks. After two 
weeks, healing collars were removed and implants 
were loaded by ball abutments.

Follow-up 

Changes in crestal bone height were evaluated 
radiographically by long cone paralleling technique 
at time of loading (baseline), 6 months and 12 months 
using VistaScan imaging plate (VistaScan Imaging 
plate Size 0, DURR DENTAL SE, Germany).

For each patient, a radiographic stent was 
constructed on a cast obtained from an open tray 
impression by modifying the anterior RINN XCP 
film holder which was modified by trimming the 
vertical part to accommodate the limited lingual 
vestibule of the completely edentulous patients 
and drilling a hole in the horizontal part to fit the 
impression coping. Vertical part of the film holder 
was adjusted parallel to the implant long axis as 
shown in figure (4). Stents were screwed into the 
implants as shown in figure (5). Changes in bone 
height were calculated digitally from a reference line 
at implant abutment junction and a line tangential 
to the implant as shown in figure (6). Data were 
tabulated and statistically analyzed using repeated 
one way ANOVA measures.

Fig. (3) Scan appliance converted to surgical guide by reduction 
of anterior teeth height and anterior labial flange

Fig. (4) Showing parallelism between the implant long axis and 
the vertical part of the film holder

Fig. (5) The radiographic stent screwed onto the implant during 
exposure
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RESULTS

Comparison was performed between different 
follow up periods by performance on repeated one 
way ANOVA measures which revealed insignificant 
difference between them as p > 0.05.

T test showed insignificant difference regarding 
effect of time on bone height changes from baseline 
to 6 months, from 6 months to 12 months, and from 
baseline to 12 m as P > 0.05, as presented in table 
(1) fig. (7). 

TABLE (1)

M SD T value P value

At base line  
– After 6 months

0.10 0.03 0.82 0.20

After 6 months 
 – After 12 months

0.07 0.02 0.60 0.27

At baseline  
– After 12 months

0.17 0.01 1.39 0.08

DISSCUSION

All patients attended all the follow-up recalls till 
the end of the study (one year). All implants showed 
successful osseointegration. 

In this study, the results showed mean change in 
marginal bone loss through the 12 months follow-
up period was 1.12 mm. The recorded values were 
consistent with those reported by other authors who 
done similar studies [28-32] 

Buser et al [33] and Albrektsson and Zarb [34] 
reported implant success criteria which includes 
that crestal bone loss remain less than 1.5 mm 
after the first year of loading. However, a loss of 
more than 0.2 mm per year thereafter is regarded as 
undesirable. 

The minimal mean crestal bone height changes 
values reported in this study after one year of 
loading could be attributed to the effect of dental 
implant laser surface treatment among other factors 
on improvement of osseointegration and crestal 
bone height in agreement with other studies[21-25, 35-37]

Not only laser grooved dental implants reduce 
crestal bone loss, but also laser microgrooves appear 
to inhibit apical migration of cervical epithelium 
and to promote true attachment of peri-implant 
gingiva. Forming an interface between connective 

Fig. (6) Showing measuring crestal bone height changes from 
horizontal reference line at implant abutment junction.

Fig. (7) Bone changes at different time intervals.
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tissue and the implant collar that is more like the 
biological width attachment of natural teeth, which 
will improve the long-term performance of dental 
implants by decreasing crestal bone loss, as reported 
by Ketabi et al [23] and other authors [21, 24, 36, 40, 42] .

CONCLUSION

Within the limitation of this one year clinical 
study it can be concluded that, laser grooved 
implants retaining overdentures showed minimal 
bone height changes after 1 year from prosthetic 
loading. The clinical use of dental implants with 
laser surface treatment and nano-topography to 
retain mandibular overdenture could be used 
predictably for edentulous patients.

Further long term comparative clinical studies 
with different implant surface treatments and larger 
sample sizes should be performed.
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