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Abstract
Purpose: To evaluate possible effect of simultaneous Laser therapy application on dental implant inserted into narrow alveolar

ridges after crestal splitting using a piezoelectric device.

Subjects and Methods: Thirty-two dental implants were inserted into 16 patients exhibiting partially edentulous mandibular posterior sites, applying split mouth technique to classify them into two groups: Group 1: received split-crest technique by ultrasonic bone
surgery with implant placement and PRF only. Group 2: received split-crest technique by ultrasonic bone surgery with the implant.

Placement and PRF + biostimulation of implant sites by diode laser. Clinical evaluation was carried out using: site-specific Gingival
Index (GI), Plaque Index (PlI) and Pocket depth (PD). These were recorded immediately after implant loading, at one, three, and six

months later. Implant stability was evaluated by resonance frequency analysis (RFA) at the baseline and immediately before implant
loading. Radiographic evaluation was carried out preoperative using (CBCT) to assess the bone height and thickness (to guide the

implant treatment plan), immediately after surgery at time of loading, as well as 6 months after loading to evaluate the ridge width,
crestal bone loss, and bone density.

Results: There were no statistically significant differences regarding GI, PlI, and PD measured in the two groups after one as well as

three months. After 6 months; Group I showed a statistically significantly lower scores than Group II, for GI the P-value = 0.021, Effect
size = 1.416), for PlI the P-value = 0.027, Effect size = 1.333), and for PD the P-value = 0.008, Effect size = 0.386). Radiographically,

there was no statistically significant difference between median crestal bone height measurements in the two groups immediately
after loading as well as after six months. The two groups showed a statistically significant increase in crestal bone height measure-

ments denoting crestal bone loss (P-value < 0.001, Effect size = 3.701) and (P-value =0.001, Effect size = 3.265), respectively. No
statistically significant difference between the two groups in ridge width, bone density, and Implant stability evaluated RFA.
Keywords: Laser Biostimulation; PRF; Piezoelectric Surgery; Ridge Splitting; Implant Stability; CBCT
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Introduction
Dento-alveolar ridges that are narrow and atrophic provide a

significant obstacle for dental implant insertion [1,2], as appropri-

ate amount of alveolar bone is necessary around implant after its
placement. Thickness of vestibular and buccal surrounding bone
lamellae should be around 1 mm in the horizontal dimension [3].

According to Wolff’s law, “bone remodels in proportion to the forces applied”. When a bone’s function is altered (teeth loss), its internal architecture and external configuration are altered as well [4].

Misch mentioned that, teeth absence result in lack of stimulation to

the alveolar bone, which decrease in trabeculae and bone density,
as well as a loss of width and height; degradation of edentulous
alveolar ridges is enhanced by inflammatory local processes [5].

The presence of narrow alveolar ridges is a challenge in field of

dental implants. Hence several attempts and efforts were directed
toward the expansion of these ridges. In this respect, to obtain a

horizontal bone expansion, a variety of procedures as ridge splitting, guided bone regeneration, and bone block grafting may be

used. Ridge-splitting is a faster way to predictably extend and graft
an atrophic ridge with no need for a second surgical site harvest-

ing [1,6,7]. The split-crest technique is a flexible technique that al-

lows many modifications, which are can performed with a choice

of devices for bone cutting. The most common instruments implemented were fissure burs [8], osteotomy micro-saw/discs [9-11],

chisels [4,12-14] and piezo-electric knives [10,14-17]. The piezo
surgery has several advantages including: clear vision of the surgi-

cal area from the pressurized irrigation and cavitation effect; he-

mostasis is ensured through the cavitation effect; bone sectioning
can be performed with micrometric sensitivity; avoiding the risk
of damage to adjacent soft tissue while cutting; healing occurs fast

because no damage is inflicted on the living bone morphogenetic
protein release as well as ease of harvesting intra- or extra-oral au-

togenous graft. Its ability to be inserted with various angles makes
it easily used in areas where it is difficult to see and reach. Due to
absence of macro-vibrations, patients feel very comfortable during
surgeries under local anesthesia [18].

Low-level laser therapy (LLLT) is a well-accepted adjuvant med-

ical method for improving wound healing processes in general and

treating functional impairments [10]. A great number of researches on its use in periodontal therapy have been carried out [11,13].

The term “phototherapy” refers to therapeutic procedures that use
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lasers or incoherent light at low or high energy levels. Laser therapy, in particular, has been increasingly adopted and successfully

employed clinically in dentistry since the early 1990s. Lasers have

a variety of tissue interactions, such as ablation or vaporization,
hemostasis, microbial suppression and destruction, and biological

impacts, such as bio-stimulation (photo-bio-modulation), which

cause a variety of favorable therapeutic effects and biological responses. Thus, the use of lasers is thought to be useful and appro-

priate for treating several inflammatory and infectious disorders
including periodontal disease [14,16]. Laser therapy may reduce a
patient’s physical and mental stress, as well as intra- and postoperative pain [17].

One of new aspect is to use Laser as an adjuvant therapy to pro-

mote a potential effect for bone regeneration, through its impact
on ATP generation, reactive oxygen species, and transcription fac-

tors; as Laser treatment influences cell proliferation and migration
[19]. This mechanism increases the likelihood of bone regenera-

tion and callus development [20,21]. In this respect, a study found

that Laser therapy can improve bone density while also promoting
anti-inflammatory and analgesic effects in maxillofacial bony abnormalities [22]. Studies have found that the use of LLL improves

bone growth [23], as distraction osteogenesis using LLL resulted
in greater bone mineral density of freshly produced bone. Another

study [27] reported that LLL was successfully used in a block allograft for bone defect regeneration. Wound healing is divided into

three stages: the inflammatory phase, the cell proliferation phase,
and tissue remodeling phase.

Laser bio-stimulation largely influences the cell proliferation

phase of the wound healing process [24]. Mitochondria are sensitive to monochromatic near-infrared light, and laser light appears

to boost respiratory metabolism in some cells [25,26]. Laser light
treatment influences processes as fibroblast proliferation, procollagen, and collagen synthesis, growth factor production (includ-

ing transforming growth factor [TGF], keratinocyte growth factor

[KGF] and platelet-derived growth factor [PDGF]), macrophage
stimulation, lymphocyte stimulation [27] and an increase in the

rate of extracellular matrix production [28].

Platelet rich fibrin (PRF) has a very significant slow continu-

ous release of growth factors for at least 1 week and up to 28 days

[29,30]. PRF could inspire its environment for an extended period
of time during wound healing [31]. PRF has been shown to play
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an important function in bone healing and quality improvement

in studies [15,32]. It has been claimed that PRF able to improve
the stability of dental implants by influencing the development and

proliferation of osteoblasts [33]. PRF is a second generation platelet concentrate made up of viable platelets that release a variety
of growth factors including platelet derived growth factor, vascular
endothelial growth factor, transforming growth factor, insulin-like

growth factor, epidermal growth factor, and basic fibroblast growth
factor. PRF clot’s robust fibrin matrix provides a scaffold for transporting cells that are needed for tissue regeneration while also pro-

tecting growth factors from proteolysis, and it has the advantage of
being entirely autologous and cost-effective [9,12].

In view of these it was hypothesized that application of diode

laser immediately to dental implants inserted into narrow mandib-

ular alveolar ridges that expanded by means of piezo surgery may

have added value through initiation of bone regeneration effect.
The present study was designed and performed to test this hypoth-

esis through recording of clinical parameters as well as through
radiographic examination.

Subjects and Methods

This study was designed as a randomized clinical trial. Patients

with narrow ridges seeking implant placement were incorporat-

Sample size calculation
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This was carried out on the basis of previous work [23], thus a

sample size of 16 implants in each group has an 80% power to de-

tect a difference between means of 10.26 with a significance level

(alpha) of 0.05 (two-tailed) and 95% confidence intervals. In 80%

(the power) of those experiments, P value will be less than 0.05
(two-tailed); so the results will be deemed “statistically significant”. In the remaining 20% of the experiments, the difference be-

tween means will be deemed “not statistically significant”. Report
created by GraphPad StatMate 2.00:

Where; (Z) is the Z score, (δ) is the standard deviation and (ME)

margin of error

Confidence level l 90% 95% 98% 99%
Z score value 1.64 1.96 2.33 2.575
Intervention

Split mouth technique will be used and every patient will re-

ed. They were 16 subjects; nine females (56.3%) and seven males

ceive two types of treatment modalities in both sites of bilateral

ogy, Oral Diagnosis and Oral Radiology, Faculty of Dental Medicine,

cleoss implant system™ T6 line Menderes, Izmir -Turkey). Group

(43.7%); mean age were 42.7 + 10.5 years old; were selected from
Outpatient Clinic of the Department of Oral Medicine, PeriodontolBoys, Cairo, Al- Azhar University.

Eligibility criteria of population:
•

Inclusion criteria: Adults exhibiting initial insufficiently

bone ridge ranged from (3 - 5 mm) with no vertical bone

defect; exhibiting good oral hygiene; and are free from
systemic diseases that may influence the outcome of the
•

therapy.

Exclusion criteria: Heavy smokers; patient treated by

immunosuppressive chemotherapy or radio therapy, and
patients allergic to any material or medication used in the
•

study.

Ethical consideration: Nature of the study was explained
to patients and they signed written consent forms.

edentulous area: Group 1: received split-crest technique by ultrasonic bone surgery with implant placement and PRF only. (Nu-

2: received split-crest technique by ultrasonic bone surgery with

implant placement and PRF + bio-stimulation of implant sites by
diode laser. (Nucleoss implant system™ T6 line Menderes, Izmir Turkey). Each implant was loaded according to implant stability

evaluated by resonance frequency analysis. Prior surgery, patients
were instructed with proper oral hygiene measures. Pre-surgical

mouth rinse was carried out with 0.12% chlorhexidine digluconate
rinse, while povidone iodine solution was used to perform the ex-

tra oral antisepsis. At least two hours prior to surgery, 1g of amoxicillin was administered to all patients. Antibiotic therapy was con-

tinued for one week postoperatively, and under local anesthesia
surgical procedure was done according to the proposed technique.
Ridge splitting (RS) group with (PRF only)

Under local anesthesia, a papillary sparing crestal incision was

performed on the atrophic ridge; incision was followed by two
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vertical releasing incisions beyond the mucogingival line. Then a
full thickness mucoperiosteal flap was raised, and when the bone

surface was exposed the planned osteotomies were outlined, using
tip number one at low power, in order to avoid oscillation of the tip

and obtain a cut depth 1mm. The first osteotomy was carried out at

the center of the occlusal aspect of the ridge, extending the incision
in anteroposterior direction for the planned length, subsequently,

the osteotomy lines were traced using the tips progressively in or-

der of size, varying the power level of the characteristics of the in-

cision change too. In this way once the osteotomy lines have been
outlined, the tips were used in progression from number one to
number five to deepen the osteotomies (Figure 1).

PRF preparation
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An amount of 5 ml whole venous blood was collected in each

of two sterile vacutainer tubes of 6 ml capacity without anticoagu-

lant. The tubes were then placed in a centrifugal machine at 3000
revolutions per minute (rpm) for 10 minutes, after which they
were settled into the following layers: red lower fraction contain-

ing red blood cells, upper straw colored cellular plasma and the

middle fraction containing the fibrin clot. The upper straw colored

layer is then removed and middle fraction is collected, 2 mm below
lower dividing line, which is the PRF.

The mechanism which is followed here is that, fibrinogen

which is initially concentrated in the high part of the tube, com-

bines with the circulating thrombin due to centrifugation, to form
fibrin. A fibrin clot is then obtained in the middle of the tube, just

between the red corpuscles at the bottom and acellular plasma at

top. Platelets are trapped massively in the fibrin meshes. Quick

handling is the only way to obtain a clinically usable PRF clot. PRF
protocol makes it possible to collect a fibrin clot charged with se-

rum and platelets. By driving out the fluids trapped in the fibrin

matrix, practitioners can obtain very resistant autologous fibrin
membranes.

Follow up observation
Clinical parameter including: i. Site-specific Gingival Index was
evaluated after loading by 1, 3 and 6 months [19]. ii. Implant sta-

bility was evaluated by resonance frequency analysis (RFA) [20]

at base line and immediately before loading. iii. Pocket depth [21]
was measured after loading by 1, 3 and 6 months. iv. Plaque index
[22] was evaluated after loading at 1, 3 and 6 months.
Figure 1: (a) Flap reflection, (b) ridge splitting using piezotome,
(c) gained space between buccal and lingual plates of alveolar

bone, (d) PRF preparation, (e) implant insertion, (f) implant fully
engaged between bone plates, (g) application of PRF around

implant in the created space, (h) diode laser application post-op-

eratively, (i) measuring implant stability using Osstell Beacon, (j)
probing depth around loaded implant and (k) bilaterally loaded
implants.

Radiological assessment: Preoperative Cone beam computerized
tomography (CBCT) was taken for assessment of bone height and

thickness (implant treatment plan), immediately after surgery, at
time of loading and 6 months after loading to evaluate ridge width,
crestal bone loss and bone density (Figure 2).
Ethical consideration

Research protocol was approved by the ethical committee, Fac-

ulty of Dental Medicine (Boys, Cairo), Al- Azhar University, Egypt.
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Clinical parameters

Gingival index (GI): There was no statistically significant differ-

ence between median GI scores in the two groups after one as
well as three months. After six months; Group I showed statisti-

cally significantly lower median GI score than Group II (P-value =
0.021, Effect size = 1.416). As regards the changes by time within

Group I; there was a statistically significant change (P-value =
0.019, Effect size = 0.249). Pair-wise comparisons between the
time periods revealed that there was a statistically significant decrease in GI scores after three months followed by non-statistically

significant change from three to six months. The median GI score
after six months showed statistically significantly lower median

score compared to one month’s score. While for Group II; there
was a statistically significant change (P-value = 0.010, Effect size =
Figure 2: (a) Pre-operative radiograph, (b) Immediately after

implant insertion, (c) Immediately after loading, (d) Six months
after loading.

0.289). Pair-wise comparisons between the time periods revealed

that there was a statistically significant decrease in GI scores after
three months followed by a statistically significant increase from

three to six months. The median GI score after six months showed
statistically significantly higher median score compared to one
month’s score (Table 1).

Results

Crestal bone height (mm)

The present study was conducted on 16 subjects; nine females

(56.3%) and seven males (43.7%). The mean and standard deviation values for age were 42.7 (10.5) years old.
Time
1 month

3 months

6 months
P-value

Effect size (w)

Group I (n = 16 implants)

Crestal bone height measurements
There was no statistically significant difference between me-

dian crestal bone height measurements in the two groups immediGroup II (n = 16 implants)

P-value

Mean (SD)

Median (Range)

Mean (SD)

Median (Range)

0.42 (0.21)

0.4 (0.1-0.7)

0.39 (0.21)

0.35 (0.2-0.7)

0.2 (0.14)

0.29 (0.2)

0.2 (0-0.5)

B

A

0.2 (0-0.5)B

0.019*
0.249

0.23 (0.05)
0.51 (0.23)

0.2 (0.2-0.3)

B

C

0.6 (0.2-0.7)A

0.010*
0.289

Effect size
(d)

0.503
0.482

0.021*

0.34

0.357

1.416

Table 1: Descriptive statistics and results of Wilcoxon signed-rank test for comparison between GI scores in the two groups and Friedman’s test for comparison between GI scores at different time periods within each group.

*: Significant at P ≤ 0.05, Different superscripts in the same column indicate statistically significant change by time.
ately after loading as well as after six months (Figure 3). As regards
the changes by time within both groups; there was a statistically
significant increase in crestal bone height measurements denoting

crestal bone loss (P-value < 0.001, Effect size = 3.701) and (P-value
=0.001, Effect size = 3.265), respectively.
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2.98) and a range between70 -81 (mean 76 + 3.15). Group II recorded ISQ values at baseline ranging between 73 -89 (mean was

77.25 + 2.87) a range between 63 - 80 (mean 76.00 + 3.45) and a

range between 68 - 77 (mean 72.50 + 3.85). The comparison be-

tween the two groups showed statistically significant differences

between the two groups (Figure 4 illustrating these recorded
data).

Figure 3: Box plot representing median and range values for
crestal bone height measurements in the two groups.

Amount of crestal bone loss (mm)
Crestal bone loss was calculated as: (Bone height after six

months -bone height immediately after loading). There was no sta-

tistically significant difference between median amounts of crestal
bone loss in the two groups after six months (Table 2).
Group I (n = 16
implants)

Group II (n = 16
implants)

Mean
(SD)

Median
(Range)

Mean
(SD)

Median
(Range)

0.93
(0.6)

0.79 (0.182.57)

0.78
(0.54)

0.7 (0-2.11)

Pvalue

0.587

Effect
size (d)

0.274

Table 2: Descriptive statistics and results of Wilcoxon signed-rank
test for comparison between crestal bone loss (mm) in the two
groups.

*: Significant at P ≤ 0.05.
Implant stability

Implant stability was evaluated by resonance frequency analy-

sis (RFA) [20] at base line and immediately before loading.

Group I recorded ISQ values at baseline ranging between 73 - 81

(mean was 78.58 + 2.17) a range between 74 - 84 (mean 80.08 +

Figure 4: The comparison between the two groups included in

the present study regarding the values of ISQ denoting the implant
stability recorded at different intervals.

Discussion
Mester., et al. (1971) [34] published the first report on biologi-

cal laser stimulation and whether low-level laser therapy accel-

erates ossification or not. Several studies have found that using a

low-level laser after implant implantation promotes osteointegra-

tion due to rapid bone turnover. When compared to other laser sys-

tems, the diode laser offers superior tissue transmission efficiency;
hence this laser was used to stimulate ossification. Low-level laser

therapy has been shown to shorten the healing time of bone fractures [35,36]. Following the split-crest operation, an immediate
loading implant may exhibit the same biologic activity as a fresh
socket implant. In these operations, just half of the implant length

is inserted into the native bone with the proper insertion torque,

while the remaining coronal piece is only in touch with the bone
walls. Similarly, the width of the coronal gap between the implant

surface and bone walls at the time of implant placement represents
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a critical point for bone healing in fresh extraction socket implants,

plants was smaller than the marginal bone loss around the im-

shifted apically [37].

nificant difference between median amounts of crestal bone loss

because as the gap widened, the amount of bone-to-implant contact decreased and the point of highest bone-to-implant contact
Low-intensity laser irradiation has been shown to have a posi-

tive effect on preserving crestal bone surrounding implants in im-

plant dentistry. A study [38] revealed that the alveolar bone height
was preserved in the side exposed to the low-level laser, and based

plants on the control side. The difference was significant at three
and six months. But in recent study there was no statistically sig-

in the two groups after six months. Putting into consideration that

mentioned study measured crestal bone loss mesial and distal to
implant by two dimensional radiographs, but in the present study

crestal bone loss was measured buccal and lingual to implant using three dimensional radiographs (CBCT).

on the positive results, the researchers concluded that applying the

Conclusion

lased implants. In the current study, the implants on one side of

implants on the other side were not exposed to any laser thera-

both soft and hard tissue around dental implants inserted in chal-

py. Both implants were then early loaded and followed up on for
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