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ABSTRACT

Objective: The purpose of the study was to assess the reliability of LLLT to accelerate dental 
implant osteointegration and healing process. 

Materials and Methods: The study sample included eight female patients according the 
inclusion criteria with total twenty dental implant placed in healed sites (maxillary `2premolars) by 
using split mouth method.  Group I was study group that receive LLLT, and group II was control 
group. Implant stability was assessed using ISQ scale in separate intervals at 6, 8 and 12 months 
postoperatively.  

Results: In Group I, the ISQ values at 3, 6, and 12 months after implant placement ranged from 
60 to 74, 62 to 78, and 68 to 80, respectively, with statistically significant differences observed 
between 3 and 6 months, 3 and 12 months, and 6 and 12 months . In Group II, the ISQ values at 3, 
6, and 12 months after implant placement ranged from 54 to 69, 56 to 70, and 60 to 72, respectively, 
with statistically significant differences observed between 3 and 6 months, and 6 and 12 months. No 
mobility was observed in any implants in either group. Group I had significantly higher ISQ values 
at all follow-up intervals than Group II.).

Conclusion: the LLLT has positive influence on increasing dental implant stability 
postoperatively.  
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INTRODUCTION 

In recent decades, implant dentistry has become 
a highly reliable method for replacing lost teeth 
and is now one of the most common oral surgical 
procedures performed worldwide. 1 It is a successful 
approach to restoring oral function and esthetics 
in totally or partially edentulous patients by 
osseointegrated dental implants. 2

The posterior maxilla presents the most 
challenging area for dental implant stability 
primarily due to its poor bone quality and low 
density. Compared to other maxillary regions, this 
area mostly has Type III or Type IV bone quality, 
which is characterized by thinner trabecular bone 
and a lack of cortical bone support, drastically 
affecting the initial implant stability. The presence 
of the maxillary sinus further complicates implant 
placement, often requiring additional procedures 
like sinus floor elevation to increase bone 
volume, yet this can delay the healing process 
and extend treatment timelines. Studies show 
that primary implant stability in this region can 
be compromised due to low bone density, which 
affects osseointegration and increases micromotion 
risk, affecting the long-term implant success.3,4 

Laser technology has been beneficial in modern 
dentistry, with its first application in both hard and 
soft tissue being highly advantageous. 5,6 Currently, 
laser therapy in clinical dentistry is at an advanced 
stage of development and has a promising future. 7

Low-level laser therapy (LLLT), also known as 
photo bio-modulation therapy (PBMT) as well (, is a 
treatment that utilizes low-power radiation (between 
5 and 500 mw) to achieve non-thermal effects, such 
as healing, pain relief, and reducing inflammation.8,9 
The effect of LLLT on cellular mitosis and the 
enhancement of metabolic cycles and protein 
synthesis have been shown to improve wound 
healing through increased cell proliferation.10,11.

Some studies have indicated that LLLT is 
beneficial in improving bone-implant interface 
strength, thus promoting the osseointegration 
process. 11, 12 While, other studies have shown little 
or no positive outcomes. 13- 15 Therefore, this study 
aims to assess the outcomes of LLLT use in dental 
implant treatment.

MATERIALS AND METHODS

This study was caried out in the dental clinic at 
Yefren’s poly clinics compound from January 2023 
to November 2023 after been approved by ethical 
committee under number (2023-186 ).  Eight adult 
patients were selected in this study after they had 
signed an informed consent form according to 
following criteria: 1) Bilaterally missing maxillary 
premolar teeth indicated for dental implant 
placement with sufficient bone volume for dental 
implant placement (minimum length of 16 mm ( 
form alveolar crest to the maxillary sinus floor  and 
8mm diameter ( mesio-distally \ buco- palatal ) and 
minimum bone density D3 ; 2) good oral hygiene;3) 
non-smoking. All patients had the following criteria 
excluded: 1) Parafunctional habits; 2) any systemic 
or local condition that contraindicates dental implant 
placement; 3) pregnancy.   

Patient Grouping 

A split-mouth design was employed in this 
study, where the implants inserted on the right side 
were categorized as group I (study group) and those 
placed on the left side as group II (control group).

In group I, low-level laser therapy (LLLT) was 
administered after implant placement, followed 
by an early loading protocol. The laser beam was 
applied to the implant area in a continuous slow-
motion wave, with an exposure dose of 3 J/cm², 
and for a duration of 1 minute, twice a week for 
the first three weeks. This study employed a soft 
laser delivery system MKW* laser system (LA-X 

*  MKW-Therapiesysteme GmbH Landstraße 67 D- 76547 Sinzheim, Germany www.mkw-laser.de
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point laser) which provided GaAlAs laser - 785 
nm, maximum total diode output of 700 mW (14 
x 50 mW), and continuous waves with exposure. 
Implants were left submerged for three months, 
after which abutment connection and fabrication of 
the final prosthesis were undertaken.

 In group II, conventional implant placement 
and loading protocols were followed. Implants were 
left submerged for three months before abutment 
connection and fabrication of the final prosthesis.

Preoperative Measures

1.	 Medical and dental history were obtained to 
identify any pre-existing medical conditions 
that may lead to complications during or after 
the surgery. The dental history was recorded 
to establish previous dental treatments and the 
patient’s attitude toward these procedures, with 
particular attention given to the cause of tooth 
loss. 

2.	 Clinical examination was conducted, which in-
cluded a comprehensive intraoral examination 
in combination with dental history. Extraoral 
examination was performed to identify any 
swellings and lymph node enlargement. Ap-
propriate oral hygiene was necessary for patient 
selection. The jaw relationship was accurately 
assessed to evaluate occlusion, teeth alignment, 
and the horizontal and vertical relationships of 
the maxillary and mandibular jaws. Patients 
with parafunctional habits such as clenching, 
and bruxism were excluded from the study. 

3.	 Radiographic examination was carried out using 
OPG to detect any existing pathological condi-
tions and to determine the exact bone height and 
width at the intended implant site. The evalua-
tion of vital anatomical structures was also con-
ducted. (Fig.1).

Preoperative preparation

Before the surgery, several preoperative mea-
sures were undertaken to ensure successful implant 
placement.

•	 These included advising patients to maintain 
strict oral hygiene measures one week prior 
to surgery, such as tooth brushing and rinsing 
with a Chlorhexidine 0.12% DG* mouth wash 
to prevent plaque accumulation and gingival 
inflammation.

•	 Patients were also prescribed oral antibiotics 
(amoxicillin/Clavulanic acid 625mg)** as 
prophylaxis against infection.

•	 Dental impressions were taken for both 
maxillary and mandibular jaws to evaluate 
occlusion status. 

•	 Computer-guided length measurements (using 
computer software)*** were taken to ensure a 
safe distance from vital structure ( Fig.2).

Surgical procedure

All implants were placed according to the two-
stages surgical protocol, following the next steps:

•	 The surgeon and his assistant followed a strict 
sterile technique and all patients were instructed 
to rinse with chlorhexidine mouth wash for 30 
seconds immediately before the surgery.

Fig. (1) A radiograph showing the preoperative panoramic view.

* Kin Laboratorios Kin S,A , Diagonal 200, 08018 Barcelona – Spain 
** Glaxo Wellcome, 53100 Mayenne, France 
***  Planmeca Romexis Viewer V. 5.1.0.R , Planmeca USA Inc.
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•	 Labial and palatal infiltration anesthesia were 
given using lidocain Hcl 2% with Epinefrin* 

•	 Crestal incision with careful releasing of 
the adjacent mesial and distal papillae was 
performed, and a muco-periosteal flap was then 
elevated (Fig. 2). The position of the implants 
was mainly determined by a surgical stent, 
while its direction was decided in relation to 
the neighboring teeth or with the aid of a CAD 
CAM surgical stent.

•	 The implant bed was prepared using a 
progressive sequence of drills, starting with a 
2mm diameter drill, and gradually widening to 
fit the fixture**. 

•	 Drilling was performed using an electric 
motor irrigation system with adequate flow of 
irrigation and a speed reduction low speed high 
torque handpiece with a drilling speed between 
600-850 rpm. After irrigating the implant bed 
with saline, the sealed sterile implant package 
was opened, and the implant was guided into its 
position with light stable finger pressure. 

•	 The coupling wrench with a ratchet was used to 
complete the installation of the implant, which 
was leveled 1mm apical to the alveolar bone 
crest. 

•	 Finally, the cover screw was attached to the 
implant top with the aid of the hex tool. 

•	 The flap was repositioned and secured in its 
proper position with 4/0 black silk sutures (Fig.3).

•	 An immediate periapical radiograph was 
taken to verify the final position of the implant  
(Fig. 4).

*  LIGNOSPAN LIDOCAINE ANESTHESIA, Septodent, France 
** HexaconeAllfit dental system, Dr.Ihde Dental AG 8737 Gommiswald Switzerland

Fig. (2) Showing Computer-guided length measuring on 
panoramic radiograph.

Fig. (3) A preoperative photograph showing the bilaterally missing of maxillary first premolars. B photograph showing the flap 
after elevation and reflection
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Postoperative Care:

1.	 Patients were advised to apply gentle pressure 
on a sterile gauze pack to promote hemostasis 
and reattachment of the flap to the underlying 
bone.

2.	 Ice packs were applied for 20 minutes every 
2 hours postoperatively to minimize edema 
formation.

3.	 Prescribed postoperative medications included 
continuing Amoxicillin /Clavulanic acid 625mg 
antibiotic every 12 hours for 7 days, and 
Diclofenac potassium* 50mg tablets as non-
steroidal anti-inflammatory and analgesic drug, 
twice daily. 

* Tabuk Pharmaceutical Mfg.Co , Tabuk Saudi Arabia.

4.	 Patients were instructed on optimal oral hygiene 
with 0.12% Chlorhexidine DG mouthwash and 
to avoid chewing solid food.

5.	 The surgical wound was evaluated for 
dehiscence, and sutures were removed after 7 
days. Patients were motivated for oral hygiene 
instructions.

Second Surgery of Implant Loading:

1.	 The second stage surgery was performed for 
both groups 3 months after implant insertion.

2.	 After local anesthesia administration, the 
implant cover screw was exposed and removed, 
and the healing cap was attached for 2 weeks.

Fig. (4) A photograph showing the dental implants after complete installation and attachment of the cover screws. B Photograph 
showing the primary closure of flap.

Fig. (5) Showing immediate postoperative periapical radiograph after placement for group I(A) and group II (B).
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3.	  An impression was made using an impression 
post and laboratory analogue with silicone 
rubber base material to fabricate the working 
cast.

4.	 The final restoration of porcelain fused to metal 
was fabricated and cemented to the abutment 
(Fig. 6 and 7).

Implant stability evaluation 

Implant stability was evaluated using resonance 
frequency analysis (RFA) with the Osstell IDX 
Mentor* and its wireless transducer (Smart Peg). 
The Smart Peg was attached to the implant body 

fixture with a torque not exceeding 10Ncm using 
a smart peg wrench. The stability was measured 
and presented as Implant Stability Quotient (ISQ) 
values, (ISQ is scaled from 1 to 100, the higher the 
ISQ value, the more stable is the implant) which 
are derived from the resonance frequency of the 
smart Peg and indicate the implant’s stability. The 
technique is contactless, non-invasive, and takes 
1-2 seconds, and the implant stability was recorded 
at 3, 6, and 12 months after implant placement for 
both groups.

Statistical analysis

Statistical analysis was performed using SPSS 
version 21. Normality of data was tested with the 
Shapiro-Wilk test. Continuous variables were 
presented as mean ± SD for parametric data and 
median for non-parametric data. Independent and 
paired t-tests were used for parametric data, and 
Mann-Whitney and Wilcoxon Signed Ranks tests 
were used for non-parametric data to compare the 
two groups. The threshold of significance was set at 
a 5% level (p-value), and the results were considered 
non-significant if p > 0.05, significant if p < 0.05, 
and highly significant if p < 0.001.

Fig. (6) A photograph showing an occlusal view of the final 
restorations.

Fig. (7) Photographs showing the final restorations in occlusion for group I (A) and group II (B).

* Osstell USA.  C/O Gross Mendelsohn & Associates 1801 Porter Street, Suite 500 Baltimore, MD 21230
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RESULTS

This study involved eight healthy female pa-
tients with an age range of 25 to 45 years and a 
mean age of 34.20±6.59 years. The study included 
the replacement of seven second premolars and thir-
teen first premolars with dental implants of varying 
lengths and diameters. Implant lengths used in the 

study ranged from 10mm to 15mm, with the most 
used length being 11.5mm, and diameters of 3.3mm 
and 3.7mm were used. Patients were clinically and 
radiographically evaluated at 3, 6, and 12 months 
after loading to assess implant stability, gingival 
health, esthetics, and marginal bone loss. The re-
sults showed a 100% success rate for osseointegra-
tion of all implanted teeth.

Fig. (8) Showing Periapical radiographs revealing marginal bone level changes 3 months after loading for group I(A) and group 
II (B)

Fig. (9) Periapical radiographs showing marginal bone level changes 6 months after loading for group I(A) and group II (B)



(198) Ahmed Ali Ajal, et al.E.D.J. Vol. 71, No. 1

Implant stability

The study investigated the Implant Stability 
Quotient (ISQ) values in two groups of dental 
implant patients. In Group I, the ISQ values at 3, 
6, and 12 months after implant placement ranged 
from 60 to 74, 62 to 78, and 68 to 80, respectively, 
with statistically significant differences observed 
between 3 and 6 months, 3 and 12 months, and 6 
and 12 months. 

In Group II, the ISQ values at 3, 6, and 12 months 
after implant placement ranged from 54 to 69, 56 
to 70, and 60 to 72, respectively, with statistically 
significant differences observed between 3 and 6 
months, 3 and 12 months, and 6 and 12 months. 
No mobility was observed in any implants in either 
group. Group I had significantly higher ISQ values 
at all follow-up intervals than Group II. (Table 1,2, 
Bar chart 1).  

Fig. (10) Periapical radiographs showing marginal bone level changes 12 months after loading for group I(A) and group II (B)

TABLE (1) Showing implant stability recorded at 3, 6 and 12 months:

Time Group (I) no=10 Group (II) no=10
PISQ Range Mean±SD ISQ Range Mean±SD

3 months 60-74 67±5.43 54-69 61.90±6.04 P=.048*
6 months 62-78 69.10±3.47 56-70 64.60±5.12 P=.034*
12 months 68-80 73.70±3.77 60-72 68.60±4.45 P=.013*

TABLE (2) ISQ values recorded at 3, 6, and 12 months:

ISQ 3 months 6 months 12 months Test of sig. (p-value)
Group (I):

Mean±SD 67±5.43 69.10±3.47 73.70±3.77 P1=.05* 
P2=≤.001**
P3=≤.001** 

Group (II):
Mean±SD 61.90±6.04 64.60±5.12 68.60±4.45 P1= .012*

P2=≤.001**
P3=≤.001**

*paired t-test used, P1=comparison between 3m-6m, P2=comparison between 3m-12m, P3=comparison between 6m-12m.
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DISCUSSION

Low-level laser therapy (LLLT) has gained 
attention in recent years for its potential applications 
in dentistry, particularly in implantology.18-20 
However, most studies on LLLT in dentistry have 
been animal experiments conducted in vitro. While 
these studies have shown positive results, more 
investigations on human subjects are necessary. 21-22  

In this study, the split technique was used to 
control for individual bias factors, and implant 
stability was evaluated using Resonance Frequency 
Analysis (RFA) as a realistic and less invasive 
parameter for assessing osseointegration during the 
healing period. 16,14,24-28 While, other clinical studies 
that measured LLLT on implant osseointegration 
were limited. 14,15, 29-32 The secondary implant 
stability was assessed at 3, 6, and 12 months since 
all implants were inserted in healed bony sites. 

Although the ISQ value in this study showed 
increasing patterns throughout the measuring 
intervals in 3, 6, and 12 months compared to the 
controlled group, it contradicts with Kinalski et 
al’16 study, which tested ISQ at insertion and at the 
abutment phase within 4-6 months, and Lobato 
et al’15  study, which used the same parameters to 
measure the effect of LLLT on implant stability 
in freshly extracted sockets. Additionally, Garcia-
Morales et al12 and Torkzaban et al’26 studies 

showed no significant difference in implant stability 
that induced by LLLT.

However, this study agreed with Mandić et al’29 
study, which used the split-mouth technique in the 
posterior maxilla, in which the irradiated implants 
achieved higher stability compared to the control 
group. Furthermore, Gokmenoglu et al’34 study 
concluded that LLLT application to the surgical area 
has a positive effect on the osseointegration process, 
and implant stability can be maintained.

 Although the results of the present study 
showed limited agreement with other published 
studies, it should be noted that most human trials 
have shown no positive impact of LLLT on implant 
osseointegration due to a lack of studies in this 
subject matter compared to animal studies. 22 Some 
authors have highlighted the lack of a fixed protocol 
for LLLT use, 15,35 while others have pointed out the 
variety of treated surfaces of dental implants. 36

Overall, while LLLT shows promising potential 
for improving implant osseointegration, further 
investigations on human subjects are needed to 
establish a definitive protocol for LLLT use and 
to determine its effectiveness in different clinical 
scenarios.

CONCLUSION

From the results of our study, we concluded that 
LLLT has positive influence on increasing dental 
implant stability postoperatively.  
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