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Introduction

Osseo-integration of the dental implant is
currently considered a key parameter for measuring
long- term success of the dental

Abstract

BACKGROUND: Restoring masticatory function and replacing missing teeth with minimal pain and discomfort are
the most important issues for the patient and clinician. Nowadays dental implants became the most popular line of
treatment to replace missing teeth; offering a comfortable long lasting prosthesis. Osseo-integration reflects the
long term success of a dental implant. Many bio-modulators are used aiming to improve the osseointegration and
healing around dental implants such as Low-Level Laser treatment (LLLT) and Platelet Rich Fibrin (PRF). PRF
has been proven to improve bone repair process around the dental implant. LLLT is considered a noninvasive,
safe technique that stimulates osteogenesis and alleviates post-operative pain.

AIM: Evaluation of the bio-stimulatory effect of LLLT on a dental implant with PRF compared to PRF alone
clinically and radiographically.

METHODS: A randomised clinical trial with the split-mouth design was conducted on nine patients with bilaterally
missing lower posterior tooth. All patients received one dental implant on each side with PRF. LASER application
was performed to one side twice weekly for one month starting on the day of insertion. Post-operative pain was
assessed daily through the first week using numerical rating pain scale (NRS) as the primary outcome. Relative
peri-implant bone density was measured using direct digital intraoral radiography immediately after insertion, one,
four and nine months postoperatively. Implants stability were measured using radio frequency assessment
immediately after insertion, four and nine months post-operative as secondary outcomes.

RESULTS: The NRS for pain was significantly decreased by the end of the first-week postoperatively in the
intervention and control group with a mean of (2.22 + 1.56) (2.11 £ 1.83) respectively. However, there was no
statistically significant difference between the test groups at P-Value (0.892). The relative bone density values
were decreased by the end of the ninth month of follow-up in the intervention and control group with a mean of
(134.42 + 16.13) (128.77 + 33.54) respectively. No statistically significant difference was observed between the
two test groups at P-value (0.863). The radiofrequency values for implant stability showed no statically significant
difference after nine months of follow up when compared to the initial stability values at the day of insertion in the
intervention and control group. The mean radiofrequency values were (67.24 + 1.79) and (66.9 + 2.57)
respectively, and no statistically significant difference was observed between the two test groups at P-value
(0.793)

CONCLUSION: There are no statistically significant differences in post-operative pain values, implant stability and
bone density between the implant sites treated with PRF augmented by Diode laser compared to implant sites
treated by PRF alone.

bone density. Among the different techniques used in
clinical assessment, Radiofrequency analysis with
OSSTEL® device is a reliable and simple technique
reflecting implant stability [1]. Digital intraoral
radiographic assessment of relative bone density
around the dental implant is another applicable and

implant. The | . f L
widely used method reflecting the osseointegration

osseointegration assessment could be achieved either
clinical by measuring the implant stability, histological
evaluating the quality of bone and bone formation or
Radiographic through measuring the peri-implant

2.

Studies have been conducted to evaluate
different techniques, materials and protocols to
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improve osseointegration achieving long-term success
of the dental implant. Among these trials, surface
treatment to dental implant material, developing
enhanced implant designs, the use of different implant
placement surgical techniques and the use of Bio-
modulators to accelerate healing of tissues around
dental implants. PRF as a Bio-modulator is a rich
source of growth factors that have been successfully
used to enhance bone and soft tissue healing. The
Diode LASER or Low-level LASER has been used to
accelerate healing through induction of formative cells
and angio-neogenesis [3], [4], [5].

The implant Osseo-integration is better
achieved through the use of bio-modulators such as
Platelet Rich Fibrin (PRF) and Low-Level Laser
Treatment (LLLT). Each of these treatments PRF and
LLLT, when used alone, is proven to have positive
effects on bone and soft tissue healing around the
dental implant as reported by many studies [2], [3], [4],
[5]. However, these studies focused on the effect of
either PRF or LLLT alone, the effect of the
combination PRF and LLLT both clinically and
radiographically has not been studied yet.

The use of LLLT for therapy was adopted in
the late 1960s. This technique was applied to
stimulate and improve healing, as well as reducing
pain because of its stimulatory effect on different cell
types. LLLT in soft tissue has been used clinically to
speed up the healing of wounds and to control pain

[6].

On the other hand, the use of PRF which is
rich in platelet and leukocyte cytokines and growth
factors are known for its angiographic, hemostatic and
osseous conductive properties, has been proven to
improve bone healing around dental implant [7], [8],

[9].

Subjects and Methods

Trial design

This is randomised clinical trial, split-mouth
design. Nine patients are suffering from bilaterally
missing mandibular posterior teeth in two parallel
groups, with allocation ratio 1:1.

Participants
Eligibility criteria

Inclusion criteria: Missing teeth in the
posterior mandibular region bilaterally, Absence of
any pathological condition in the posterior region
(recipient site) at the time of intervention.

Exclusion criteria:
(metabolic bone disease,

Systemic disease
uncontrolled diabetes

myelitis, autoimmune diseases, patients treated with
corticosteroids at the last three months, infectious
diseases, salivary gland diseases, malignancy) or any
disease which may affect the peri-implant healing
process. Poor oral hygiene, patients with severe
chronic periodontitis as well as aggressive
periodontitis in the adjacent teeth to the edentulous
area pregnant female. Regular smokers, previous
head or neck radiation therapy, Patient with an allergy
to any material or medication that will be used in the
study, severe psychological problems (Para-functional
habits and Bruxism), a patient with the thin wiry ridge
(2 mm in width).

Study setting

The patients were recruited in consecutive
order from the pool of patients of the central clinic,
Faculty of Oral and Dental Medicine, Cairo University,
until the target population was reached.

Intervention

Pretreatment measures: the following steps
were done for all enrolled patients: detailed recording
history including systemic condition, duration as well
as diseases and drug history. Undergoing full clinical
examination (extra-oral and intra-oral), Giving oral
hygiene instructions (verbally and written), Tacking
baseline radiographs and photographs.

You are obtaining signed informed consent
after explaining the steps of the study and discussing
the treatment plan.

Steps for intervention preparation

PRF  preparation protocol: the PRF
preparation was done according to Choukroun’s
Protocol [10].

A) For each patient, venous blood was drawn
by the same operator from an antecubital vein with
pain-free blood test needles (25 Gauge).

B) About 50 ml (0.05 1U) whole venous blood
collected in a sterile vacutainer tube without
anticoagulant and the vacutainer tubes were then
placed in a centrifugal machine at 3,000 revolutions
per minute (rpm) for 10 min.

C) The resultant gelatinous PRF was placed
directly on the buccal bone surface after placement of
the implant.

Surgical Procedures

1. All surgical procedures were performed
according to Misch’s Protocol [11].

2. At the edentulous site, a full thickness flap
lingual to ridge crest was performed.
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3. Standard drills of sequential diameters
were used, and the implant was inserted.

4. Implant placement: Insertion of the suitable
implant according to the available bone in each site.

5. PRF placement on the buccal bone

surface.

Laser application

Application of LLLT was performed according
to Mandi¢ [12]. Patients were briefly informed about
the biological effect of Diode Laser and PRF before
the operation. The irradiation was performed with a
gallium-aluminium-arsenide (GaAlAs) diode low-level
laser with continuous emission of 830 nm wavelength.
The laser beam power of 100 mW and laser spot size
was 0.28 cm?, resulting in a calculated energy density
of 92.1 J/cm? and energy of 0.25 J per point. The
irradiation time was 30 second per point; the points of
irradiation were buccally and lingually with equal time
of irradiation; the total delivered energy was 15 J per
irradiation session. The application of Diode Laser
was performed in 8 visits twice weekly starting from
the day of insertion and end 1 month after insertion.

Post-operative pain assessment

It was done daily for 1 week starting from day
of implant insertion using NRS for each implant site,
for implant stability

Radio Frequency Assessment

Resonance frequency analysis (RFA) was
performed using the Osstell™ Mentor instrument.
Measurements were recorded immediately after
implant insertion and then after four months of
insertion then nine months of insertion. A
standardised abutment of fixed length was inserted
and hand-tightened into each implant. The transducer
probe was held so that the probe tip was aimed at the
small magnet on top of the Smartpeg™ at a distance
of 2-3 mm Figure 1. according to Garcia-Morales et
al., 2012.

)
@

Figure 1: Showing Osstell™ device used in Resonance frequency
analysis of implants

e

Radiographic examination for peri-implant
relative bone assessment was done day of the
operation, 1 month, 4 months and 9 months using
digital intra-oral PSP radiographic assessment (Digora
size 2 sensor, Digora Optime UV scanning sensor
unit, and X-ray unit Soredex) with exposure
parameters 70 kVp, 7 mA and 0.08 Sec ) using
radiographic stent for Standardized accurate
radiographic image, relative bone density around
implant was evaluated on DR software by taking three
parallel lines at each side (mesial, distal and apical)
with 1mm distance between each line and other then
the mean of relative bone density at the three lines in
each side was calculated to determine the density at
each side (mesial, distal and apical) according to Zaky
et al., 2016 examination [16].

Results

Demographic data

This study was carried out on nine female
patients (split-mouth design) with mean age 45 SD +
12.5.

CONSORT 2010 Flow Diagram

Assessed for eligibility (n=0)

Excluded (n=0 )
1 Not meeting inclusion eriteria (n= 0)

g Declined To participate (n=0 }
g Other reasons (n=0)

Randomized (n= 8)

| = l

1 Allocation |

Allocated to intervention (n= 8)
1 Recaived alioeated intervention (n= @)

1 Did not receive allocated intervention (n=0)

Allcated to intervention (n=8)
1 Received aliocated intervention (n=8)
 Did net receive allocated intervention (n=0)

Lost to follow up (n=0) Lost to follow up (=0}

Discontinued intervention (= 0} Discontinued intervention (n=0}

I

Analysed [n=8)
1 Excluded from analysis (n=0)

Analysed (n=18}
1 Exciuded from analysis (n=0)

Figure 2: Patients’ flow chart

Post-operative pain in each group in
different follow up periods:

1) Control group: There was a statistically
significant difference between day 1 and day 7 with a
mean difference -4.33 + 1.252, P = 0.0032 using
paired T-test.

2) Intervention group

There was a statistically significant difference
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in postoperative pain values between day 1 and day 7
with a mean difference -4.66 + 1.178, P = 0.0011
using paired T-test.

Implant stability in each group in different
follow up periods

Control group

The implant stability values comparison
showed no statistically significant difference in implant
stability through all test periods.

Table 1: implant stability values of the intervention group

Intervention group

There were no statistically significant
differences between relative bone density values
through all periods.

Table 3: Relative Bone density of the intervention group in
different follow-up periods

Compara Definition Mean Mean SD. P Comment

tives differences Deviation _value

Pair 1 implant stability at Insertion  -1.45556- 4.59622 0.370 Non-
insertion-implant 67.13 significant
stability at 4m

Pair 2 implant stability at 4m- 4 months ~ 1.71111 2.12099 0.042 Significant
implant stability at 9 m 69.16

Pair 3 implant stability at 9 months  0.25556 5.16602 0.886 Non-
insertion-implant 67 significant

stability at 9 m

Compa- Definition Mean Mean Std. P Comment

ratives differences  Deviation value

Pair1  Bone density at Insertion -10.62 33.33065 0.367 Non-
insertion-Bone 136.35 significant
density at 1 m

Pair2  Bone density at 1 m- 1 month 2.52 21.52073 0.734 Non-
Bone density at4 m  145.38 significant

Pair 3  Bone density at4 m- 4 months 17.25 28.93117 0.111 Non-
Bone density at9 m  142.86 significant

Pair4  Bone density at 9 months -8.10 39.79447 0.558 Non-
insertion-Bone 134.42 significant
density at 4 m

Pair5 Bone density at 9.155 32.63181 0.424 Non-
insertion-Bone significant

density at 9 m

Intervention group

The implant stability values comparison
showed no statistically significant difference in implant
stability between insertion time and 4 months after
insertion.

100

80

60
40
20
0 it el

Intervention

mean implant stability values (pg/ml)

Control

M at insertion mat4m at9m

Figure 3: Showing mean implant stability in different follow-up
periods

Bone density in each group in different
follow up periods

Control group

There were no statistically significant
differences between relative bone density values
through all periods.

Table 2: Relative bone density of the control group in different
follow-up periods

*Paired t-test.
Comparison between the two test groups

A- Post-operative pain between the two study
groups in different follows up periods.

'

Intervention

160
140
120
100 -
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0

Mean bone denisty values

Control

matinsertion matlm mat4m at9m

Figure 4: Showing mean density values in different follow-up
periods

There were no statistically significant
differences in post-operative pain values between
both tests groups at all study periods using student t-
test P value < 0.05.

Table 4: Comparison between postoperative pain of the two
study groups in the different follow-up periods

Comparatives Intervention ~ Control Mean P value Comments
difference

pain at day 1 6.8 6.4 0.44 0.774 Non-significant
pain at day 2 6.2 4.8 1.33 0.370 Non-significant
pain at day 3 5.2 4.5 0.66 0.554 Non-significant
pain at day 4 4.0 4.2 -0.22 -0.879 Non-significant
pain at day 5 3.2 3.6 -0.44 -0.728 Non-significant
pain at day 6 23 2.6 -0.33 -0.728 Non-significant
pain at day 7 2.2 2.1 0.11 0.892 Non-significant

Compar Definition Mean Mean SD P comment

atives differences value

Pair1  bone density at insertion- Insertion -5.57 26.62 0.547 Non-significant
bone density at 1 m 130.46

Pair 2 bone density at 1 m-bone 1 month -3.17 20.15 0.649 Non-significant
density at 4 m 135.98

Pair 3  bone density at 4 m-bone 4 months 10.44 28.40 0.302 Non-significant
density at 9 m 139.24

Pair 4 bone density at insertion- 9 months -8.75 25.04 0.325 Non-significant
bone density at 4 m 128.77

Pair 5 bone density at insertion- 1.68 32.26 0.879 Non-significant

bone density at 9 m

*Paired t-test.

Implant stability between the two study
groups in different follow up periods

There were no statistically significant
differences in implant stability values between both
groups at all study periods using student T-test, Table
5.
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Table 5: Comparison between implant stability of the two study
groups in the different follow-up periods

Comparatives Intervention Control Mean P value Comment
(mean) (mean) _difference
Implant stability at 67.1 67.5 -0.044 -0.982  Non-significant
insertion
Implant stability at 4m 69.1 67.8 1.055 0.281 Non-significant
Implant stability at 9 m 67.2 66.9 0.277 0.793 Non-significant
Comparison between Relative Bone

density values of the two study groups in
different follow up periods

There was no statistically significant
difference in relative bone density values between
both test groups at all study periods using Student T-
test Table 6.

Table 6: Relative bone density differences between the two
study groups in the different follow up periods

Control Mean
(mean) difference

Intervention
(mean)

Comparatives P value Comment

145.3
142.8
134.4

135.9 9.98889
139.5 4.28889
128.7 -2.52222

0.556
0.760
0.863

bone density at 1 m
bone density at 4m
bone density at 9 m

Non-significant
Non-significant
Non-significant

Discussion

Bio-stimulation is an emerging concept in the
field of dentistry that has been proven to accelerate
the biological process of healing and regeneration.
The purpose of the current study is to evaluate the
combined effect of two bio-stimulants, Platelet Rich
fibrin and Diode Laser compared to PRF alone. A
randomised clinical trial was carried out on nine
patients with missing bilateral posterior teeth in a split-
mouth study. All nine patients received one dental
implant on each side with PRF. On one side LLLT was
applied to start from the day of insertion twice weekly
for one month postoperatively.

Many of the published studies have assessed
the effects of either LLLT or PRF on bone healing
around dental implants; however and up to our
knowledge this is the first study evaluating the effect
of the two techniques together on healing and
osseointegration around dental implants both clinically
and radiographically using digital radiography [7], [9],
[22].

Although LLLT had a strong body of evidence
supporting its role in the neo-bone formation and
increased implant stability, the absence of a unified
protocol of LLLT application around dental implant
demands more researches on this point to identify a
successful protocol [17], [19], [21].

Post-operative pain was assessed as a
primary outcome using numerical rating score daily for
seven days. The secondary outcomes assessed were
implanted stability and relative peri-implant stability.

The results of the present study revealed no
significant difference between the two treatments.

Although the results of this study have shown
significant pain reduction in each of the test group
alone, the comparison revealed no significant
differences between the two test groups. In
agreement Marenzi et al., in 2015 [4] investigated the
influence of PRF on post-extraction healing. Where
twenty-six patients were enrolled in their study and a
split-mouth design was adopted. Only one side post-
extraction sockets received PRF and the other side
used as a control. The results were a significant pain
reduction in PRF sides.

On the other hand Ozgul et al., 2015 [25]
assessed postoperative pain reduction in the
presence of PRF compared to non-PRF protocol after
third molar extraction in a multicenter randomised
clinical trial on fifty-six patient. The study stated no
statistically significant differences regarding pain
among the groups.

In accordance He et al., in 2014 [3] conducted
a systematic review of evidence for LLLT pain
reduction capacity post extraction. They pooled the
data of 193 patients in a meta-analysis. Despite the
authors’ comment on the poor quality of the evidence
and high risk of bias, their conclusion was a significant
pain reduction after laser irradiation post-surgical.
Also, Landucci et al, 2016 [24] -evaluated
postoperative pain in twenty two post extraction
patients. The patients were randomly distributed into
two groups, one subjected to a single session of laser
radiation and the other didn’t receive radiation. They
reported the same results.

Concerning the implant stability and relative
bone density, the present study results have shown
no significant differences in each test group starting
from the day of insertion tell the end study time also
no significant difference was found between the two
test groups. In agreement, this was in contradiction to
the results reported by Jang et al., in 2010 [2]. The
study investigated the ability of PRF to fill peri-implant
bone defects in rabbit models. They concluded that
peri-implant defect could be successfully repaired by
the application of Choukroun PRF. This evidence
supported the ability of PRF to induce neo-bone
formation. However, the study was an animal study,
and the neo-bone formation was histologically
evaluated.

A significant difference was found in pain in
each group from the 1% day to the 7" day
postoperatively in this study. Pain may be reduced as
a result of the usage of PRF, finding in agreement of
Ozgul et al.,, 2015 [25] how assessed postoperative
pain reduction in the presence of PRF after third molar
extraction, and the study of Marenzi et al., in 2015 [4]
which investigated the influence of PRF on post-
extraction healing. Where twenty-six patients were
enrolled in their study and a split-mouth design was
adopted. Only one side post-extraction sockets
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received PRF and the other side used as a control.
The results were a significant pain reduction in PRF
sides.

The evaluation of PRF validity in neo-bone
formation was evaluated by Jang et al., in 2010 [2]
study which detected the ability of PRF to fill peri-
implant bone defects in rabbit models. They
concluded that peri-implant defect could be
successfully repaired by the application of Choukroun
PRF. This evidence supported the ability of PRF to
induce neo-bone formation.

Zaky et al., in 2016 [16] conducted a
prospective randomised controlled trial on 16 patient
evaluated the bone healing in maxillary cystic defect
reflected by digital radiographic assessment of bone
density after single post-operative LLLT session and
follow up period for 90 days. The results were a
significant increase in bone density in the laser group.
This contradiction could be attributed to the nature of
the maxillary bone and the different pathological
condition. [20], [26], [27].

Castro et al., in 2017 [5] conducted a
systematic review of evidence on the ability of L-PRF
to induce neo-bone formation in periodontal defects.
The results stated that “Favorable effects on hard and
soft tissue healing and postoperative discomfort
reduction were often reported when L-PRF was used
favoured the potential ability of PRF to induce neo-
bone formation in periodontal defects”. However, the
different material used and different protocol, as well
as nature of the disease, may justify this contradiction

In conclusion, there are no statistically
significant differences in post-operative pain values,
implant stability and bone density between the implant
sites treated with PRF augmented by Diode laser
compared to implant sites treated by PRF alone.
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