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Abstract
Introduction: Considering the positive effects of a low-level laser on new bone formation, we aimed 
to investigate the effects of a low-level laser in the treatment of patients with class II mandibular 
deficiency treated with Farmand functional appliance.
Methods: Twenty-two growing patients aged 10-14 years were randomly divided into “Farmand” 
and “Farmand + Laser” groups. All patients were treated with Farmand functional appliance. Patients 
in the “Farmand + laser” group were exposed to laser irradiation (980 nm, 100 mw, 4 points around 
temporomandibular joints, 100 seconds each point) weekly for three months after 3-4 weeks of 
using the appliance. Lateral cephalometry radiographs were taken from all patients before and after 
the treatment period, and changes in skeletal and dental parameters were measured. 
Results: The association of the particular laser irradiation with the functional appliance led to a 
greater increase in the effective length of the mandible (Co-Gn, P = 0.048), the anterior sagittal 
position of the mandible (SNB, P = 0.029), and the length of the ramus (Co-Go, P = 0.028), and it 
showed a further decrease in the discrepancy between the jaws (ANB, P = 0.000) compared with the 
functional appliance alone.
Conclusion: The application of the laser with the chosen parameters and protocol in conjunction 
with the functional appliance improved the effects of the functional appliance and reduced the 
discrepancy between the two jaws.
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*Correspondence to
Mohadeseh Sharifi, 
Email: Sharifimohadeseh@
yahoo.com

Received: December 3, 2022
Accepted: January 21, 2023
Published online April 17, 2023

 Journal of

Lasers
in Medical Sciences

J Lasers Med Sci 2023;14:e12

http://journals.sbmu.ac.ir/jlms

Introduction
Laser irradiation has different effects on tissues, varying 
from photobiomodulation to photodisruption depending 
on the time of radiation and energy density.1 Recently, 
low-level lasers have been used for strengthening bone 
repair after a fracture2,3 and distraction osteogenesis of 
the mandible,4,5 bone formation in the mid-palatal suture 
after the rapid expansion of palate,6-8 acceleration of 
dental movements during orthodontics9 stimulation of 
the growth of epiphyseal plates,10 and also stimulation of 
cartilage growth.11

The most common skeletal problem among orthodontic 
patients is class II malocclusion12,13 because of mandibular 
retrognathism.14,15

In the treatment of class II malocclusion, the ability 
to change the facial growth pattern is of particular 
importance, which can be achieved by the functional 
appliance.16,17 The best treatment for adult patients is 
obtained with orthosurgery, but it has been well established 
that in growing patients, the use of a functional appliance 
stimulates the growth of the condyle,18-20 increases the size 
of the mandible21,22 and consequently changes the skeletal 
pattern of the patient, and minimizes the need for future 

surgery. Therefore, the treatment of patients with class 
II mandibular deficiency depends on the ability of the 
functional appliance to stimulate cartilage growth.

Farmand II (Fa-II) is a passive tooth-borne functional 
appliance that was designed and introduced by Faramand 
S.M and registered in Loyola university in 1972. This 
appliance which is used by many Iranian orthodontists 
consists of flexible arches, tongue bow and stop bow at 
the mesial part of the first molars (Figure 1).

This appliance has been shown to be effective in the 
forward movement of the mandible23,24and to cause 
significant anterior displacement of the hyoid bone and 
tongue position,25 and significantly increases pharyngeal 
airway dimensions26 and improve soft tissue profile in the 
Treatment of Class II Division1 malocclusion patients.27

Mandibular cartilage is classified as secondary 
cartilage. Many in vitro and in vivo studies have shown 
that biomechanical stimuli are necessary for the growth 
of secondary cartilage. A helpful stimulus is a low-level 
laser.28,29

In a study on rabbits, irradiation of low level laser (LLL) 
(KLO3) during mandibular advancement increased 
bone formation in the condylar region compared to 
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mandibular advancement without laser radiation.30

Another study showed that an intraoral appliance could 
stimulate condylar growth and increase mandibular 
protrusion in rats if combined with low-power laser 
treatment (8 J/cm2).31 

Two clinical studies have recently evaluated the 
simultaneous treatment of functional appliance and low-
level laser, and their results showed that the combination 
of laser and functional appliance did not significantly 
increase the effectiveness of the functional therapy.32,33

Considering the positive effects of the low-level laser on 
new bone formation, we aimed to evaluate the effect of 
the low-level laser in the treatment of patients with class 
II mandibular growth deficiency treated with Farmand 
functional appliance. 

Materials and Methods
This study was designed as a randomized controlled 
clinical trial. A total of 22 patients (8 girls & 14 boys) aged 
10-14 years were recruited with the following criteria 
after their recall from the waiting list for orthodontic 
treatment from the Orthodontic Department of Yazd 
Dental School, Yazd, Iran.

A minimum of 8 patients per group were required 
to detect a clinically significant difference of 5 mm 
in mandibular efficient length (Co-Gn) between 
the two groups based on the previously reported 
standard deviations of 2.923 for a significant level of 5% 
(power = 0.9). We selected 11 patients for each group to 
consider possible dropouts.
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Inclusion Criteria
1.	 Age range of 10-13 years for girls and 11-14 years 

for boys (before or at the beginning of the pubertal 
growth spurt)27

2.	 Mandibular retrognathia (so the patient will have 
a more balanced profile after bringing her/his 
mandible forward) 

3.	 Class II canine and molar dental relationship
4.	 No history of diseases affecting the growth

5.	 No history of jaw surgery
6.	 No history of trauma to the skull and face

Exclusion Criteria
1.	 Lack of cooperation in using the appliance
2.	 Refusing to continue the treatment

All patients were in the pubertal stage (Cs2 and Cs3) 
according to cervical vertebral maturation.

To prepare the construction bite for making the 
Farmand appliance, we placed the wax between the 
patient’s teeth. We guided the patient’s mandible forward 
so that the tip-to-tip relationship of the incisors was 
achieved with a 2-3 mm opening of the bite between the 
molars.

Then lateral cephalometry radiographs were obtained 
from the patients. All radiographs were prepared in the 
radiology department of Yazd Dental School by PM-2002 
EC (Planmeca, Finland) and Agfa film (made in Belgium) 
and in standard conditions (teeth in occlusion, lips at 
rest, and natural head posture). The cephalometry of each 
patient was traced twice by one person using the manual 
method, and if there was a difference in measurements, 
their mean value was calculated and selected.

The patients were instructed to use the appliance 24 
hours a day, except when eating, exercising, and brushing 
their teeth. They were followed up weekly until the end of 
the active phase of using the appliance (Figure 1).

At this stage, we randomly divided the patients into 
two groups of 11. The files containing the patients’ 
information, which had the same appearance and were 
closed and numbered from 1 to 22, were prepared. 
Then, with the help of the site “www.graphpad.com”, 
the numbers were placed in one of the two groups, so 
that each group included 11 patients. The first group of 
patients used only the functional appliance. The second 
group of patients underwent laser irradiation in addition 
to the functional appliance.

The laser used in this study was a diode (gallium-
aluminum-arsenide laser, GaA1As) (A.R.C. Laser, 
Deutschland, Nurberg) with a wavelength of 980 nm; 
the output power was 100 mW, and radiation was done 
continuously by a contact method for 100 seconds at each 
point.

The laser treatment protocol was selected according 
to the website https://energy-laser.com/guide-lines-for-
treatment-with-laser-therapy/ and previous studies.33,34

In the first group of patients, after 3-4 weeks of using 
the appliance, a laser with the above characteristics was 
irradiated once a week (12 sessions).

This interval was created due to the evaluation of the 
patient’s cooperation and also because of the coincidence 
of beginning the treatment with maximum cell activity 
according to the studies.35,36

Radiation was performed accurately and continuously 
at four points around the temporomandibular joint 

Figure 1. Farmand Functional Appliance
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(TMJ) (upper, anterior, posterior, and lower posterior). 
These points were determined by first determining the 
location of the TMJ by opening and closing the patient’s 
mouth and then marking the mentioned points around 
that area for radiation (Figure 2). The patients in the 
second group were placed in the same situation, but we 
only placed the laser applicator in the mentioned places 
without laser radiation.

After completing the period of functional appliance 
treatment (6 months), lateral cephalometric radiographs 
were taken again from all the patients. Then, the distances 
of Co-Gn, Co-Me, Co-Go, Ar-Gn, Ar-Pg, Go-Me, Go-
Pg, N-Pg, S-Go, Ar-Go, Overjet, Overbite, Upper lip to 
Eline, Lower lip to Eline and the angles of SNA, SNB, 
ANB, U1toSN, IMPA were measured in the lateral 
cephalograms before and after the treatment, and the 
results of the two groups in the pre- and post-treatment 
stages were compared (Figure 3).

In this study, the patients were unaware of which group 

they were in (Farmand group or Farmand + laser group) 
because all the patients were in the same situation with 
the difference that in the “Farmand group” the laser 
applicator was placed in the specified points but without 
laser radiation. In this study, except for the researcher 
who was aware of radiation or no radiation, the second 
researcher (who was also responsible for treating the 
patients and collecting data) and also the statistical 
consultant who was responsible for data analysis did not 
know which group each patient belonged to.

Results
During the study period, one patient from each group was 
excluded from the study because of a lack of cooperation. 
However, the rest of the patients (20 patients: 6 girls and 
14 boys) completed the study period.

The mean age of the participants at the beginning of 
the study (Farmand group = 12.06 ± 0.83, Farmand + laser 
group = 11.51 ± 1.27), sex distribution (3 girls and 
7 boys in each group), and initial overjet (Farmand 
group = 6.80 ± 2.47, Farmand + laser group = 7.00 ± 2.14) 
did not differ between the two groups (P value of age = 0.54, 
P value of sex = 1.00, and P value of overjet = 0.20). 

Kolmogorov-Smirnov and Shapiro-Wilk tests showed 
that the data had a normal distribution. Accordingly, 
parametric tests were used for statistical evaluation. To 
analyze the data and determine statistically significant 
changes, paired and independent t tests were used, and 
P < 0.05 was considered statistically significant. Table 1 
shows the mean and standard deviation values of each of 
the variables in both groups before and after the treatment, 
as well as the P-values obtained from the paired t test. The 
mean and standard deviation of the differences between 
the two groups as well as the P values obtained from the 
independent t test are also shown in Table 2.

Skeletal Changes
Anterior-posterior maxillary discrepancy (ANB) was 
significantly reduced in both groups. The rate of this 
reduction was significantly higher in the laser group than 
in the Farmand group.

SNA values decreased in both groups, but this decrease 
was significant only in the Farmand + laser group. SNB 
also increased in both groups, but this increase was 
significant only in the Farmand + laser group. Moreover, 
the rate of increase of the SNB angle, which indicates 
the position of the mandible relative to the base of the 
cranium, was significantly higher in the Farmand + laser 
group than in the Farmand group.

The effective length of the mandible (Co-Gn) and other 
variables that show the overall length of the mandible 
(Co-Me, Co-Go, Ar-Gn, Ar-Pg) increased significantly in 
both groups. The effective length of the mandible (Co-
Gn) increased significantly more in the Farmand + laser 
group than in the Farmand group.

Figure 2. laser Radiation

Figure 3. Angles and Distances Measured in This Study
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The mandible body length (Go-Pg, Go-Me) increased 
significantly in both groups; however, other indicators 
showing the total length of the mandible and the body 
length of the mandible did not show a significant 
difference between the two groups. 

Dentoalveolar changes, vertical changes, and soft tissue 
changes are also shown in Tables 1 and 2.

Discussion
The aim of this study was to evaluate the effects of a low-
level laser in the treatment of growing patients with class 
II mandibular deficiency treated with Farmand functional 
appliance. We found that the association of the laser with 
the functional appliance led to a further increase in the 
effective length of the mandible, the anterior sagittal 
position of the mandible, and the length of the ramus, and 
it showed a further decrease in the discrepancy between 
the two jaws compared with the functional appliance 

alone.
Photobiomodulation therapy is a type of light 

therapy that uses non-ionizing forms of light sources, 
including lasers, LEDs, and broadband light, in the 
visible and infrared spectrum. This process leads to 
beneficial therapeutic results that include relieving pain 
or inflammation, modulating the immune system, and 
improving wound healing and tissue regeneration.37 
Recent studies have shown that laser radiation has 
stimulatory effects in active areas such as bone fractures, 
mandibular osteogenesis distractions, bone lesions, and 
silent extractions.38-40 In this study, we focused on TMJ as 
the active growth region of the laser.

Among the different types of lasers, in the present 
study, we selected the GaAlAs, which is known for its 
high penetration depth compared to other types of lasers 
and is, therefore, a highly efficient tool.41 The World 
Association of Laser Therapists (WALT) has provided 

Table 1. Mean Values of Variables Before and After the Treatment in the Two Groups

Variables

Farmand Group

P value 95% CI

Farmand + Laser Group

P value 95% CI
Mean ± SD Mean ± SD

Before 
Treatment

After 
Treatment

Before 
Treatment

After 
Treatment

Skeletal maxilla and mandible

SNA 80.30 ± 3.09 79.25 ± 4.36 0.235 -2.91-0.81 81.95 ± 3.94 80.65 ± 3.93 0.009 -2.19-(-40)

SNB 74.55 ± 3.16 75.25 ± 4.19 0.319 -.80-2.20 74.45 ± 3.57 77.05 ± 2.89 0.000 1.57-3.62

Co-Gn 101.43 ± 6.08 106.15 ± 5.79 0.000 3.53-5.90 101.21 ± 6.64 107.50 ± 7.45 0.000 5.11-7.46

Co-Me 93.99 ± 6.02 104.95 ± 5.96 0.000 3.77-6.26 100.41 ± 7.13 106.05 ± 7.39 0.000 4.96-6.31

Co-Go 48.81 ± 4.14 51.8 ± 3.51 0.000 1.80-4.17 48.44 ± 3.40 53.55 ± 4.79 0.000 3.49-6.72

Ar-Gn 92.8 ± 7.76 98.05 ± 6.17 0.000 3.44-7.05 93.11 ± 5.92 99.15 ± 5.98 0.000 4.77-7.30

Ar-Pg 92.54 ± 7.18 97.95 ± 5.98 0.000 3.82-6.99 93.15 ± 6.01 98.95 ± 5.98 0.000 4.74-6.85

Maxilla relative to mandible

ANB 5.75 ± 1.62 4.00 ± 1.92 0.000 -2.28-(-1.21) 7.50 ± 1.64 3.60 ± 1.42 0.000 -4.52-(-3.27)

Dental maxilla

U1 To Sn 105.05 ± 11.94 101.40 ± 11.07 0.027 -6.78-(-0.51) 106.95 ± 8.95 105.00 ± 4.69 0.380 -4.52-(-3.27)

Dental mandible

IMPA 98.25 ± 9.40 103.20 ± 7.82 0.065 -.30-8.20 100.50 ± 7.72 102.80 ± 5.63 0.175 -1.23-5.83

Mandible Body

Go-Me 63.15 ± 4.52 67.10 ± 4.07 0.000 2.79-5.10 5.69 ± 63.59 67.35 ± 6.38 0.000 2.77-4.74

Go-Pg 66.79 ± 4.42 70.75 ± 4.54 0.000 3.14-4.77 66.70 ± 5.72 70.45 ± 6.40 0.000 2.97-4.52

Interdental  

Overjet 6.80 ± 2.47 2.95 ± 1.32 0.000 -5.24-(-2.45) 7.00 ± 2.14 3.25 ± 1.32 0.000 -4.67-(-2.82)

Overbite 4.10 ± 2.97 2.45 ± 1.60 0.029 -3.09-(-.20) 3.70 ± 1.35 2.65 ± 1.41 0.017 -1.86-(-.23.0)

Vertical

N-Pg 102.04 ± 6.48 107.35 ± 6.73 0.001 2.98-7.63 103.47 ± 4.41 108.80 ± 6.30 0.000 3.18-7.47

S-Go 66.41 ± 4.77 70.30 ± 4.56 0.000 2.57-5.20 67.02 ± 4.32 73.40 ± 6.64 0.000 4.12-8.63

Ar-Go 41.88 ± 4.85 45.40 ± 4.85 0.000 2.30-4.73 42.49 ± 4.30 47.25 ± 4.63 0.000 3.31-6.20

Soft tissue

Ulip To E Line 0.45 ± 1.36 -0.45 ± 1.92 0.156 -2.21-0.41 1.60 ± 1.32 0.30 ± 1.25 0.001 -1.86-(-.73)

Llip To E Line 1.10 ± 2.50 0.85 ± 1.87 0.644 -1.43-0.93 1.40 ± 2.50 0.45 ± 1.81 0.046 -1.88-(-.19)
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guidance on the dosage range and treatment protocol 
for laser treatment and biological stimulation42, based on 
which the laser therapy protocol of the present study was 
selected.

One study showed that irradiation to bone at infrared 
wavelengths (700 to 1000 nm) increased osteoblastic 
proliferation, collagen formation, and new bone 
formation.43 The wavelength we used in our study was in 
the same range. According to another study, the highest 
rate of new bone formation in the posterior condyle 
during mandibular advancement was observed on day 
3036. For this reason, and also because of the one-month 
evaluation of the patient’s cooperation, we started laser 
irradiation after 3-4 weeks of using the appliance.

In the present study, skeletal age assessment was 
performed by examining CVMS, as in the modified 
method of Baccetti et al.44 The selected patients of both 
groups were in the SC2-CS3 stage. According to Baccetti 
et al, maximum therapeutic effects were obtained when 
the course of treatment included a growth spurt of 
puberty, and it was suggested that the best time to treat 
with a functional appliance was during or shortly after the 
onset of puberty.45

One of the functional appliances currently used in 
private offices and dental schools in Iran is the modified 
bionator Farmand appliance. In 1967-1970, Farmand 
introduced the FAII appliance by modifying the wired 
components of the bionator. Skeletal changes in condylar 

growth and dental changes have been proven with this 
appliance.24

In orthodontic articles, CBCT and lateral cephalogram 
have been used to evaluate the length of the mandible. 
Comparing CBCT and lateral cephalometry in assessing 
mandibular growth, studies have shown that CBCT has no 
precedence over cephalometry and that bi-dimensional 
lateral radiographs remain the method of choice in 
evaluating mandibular body growth.46 Therefore, lateral 
cephalometry was selected as the most efficient, least 
time-consuming, most economical, and most accessible 
method for this study.

Skeletal Changes
Maxilla
It is claimed that functional appliances apply a distal 
force to the maxilla while moving the mandible forward 
(headgear effect).

In the present study, the SNA did not change 
significantly in the Farmand group. This result agrees 
with the results of previous studies.47-51

Although the SNA reduced significantly in the laser 
group, the difference between the two groups was not 
statistically significant. This result was in agreement with 
another study, where the association of the laser with the 
functional appliance did not have a significant positive 
effect on the SNA angle and maxillary sagittal position.33

Mandible
In the present study, after functional therapy in both 
groups, the mandibular sagittal position (SNB), effective 
mandibular length (Co-Gn), and ramus length (Co-Go 
and S-Go) improved. This improvement was significantly 
greater in the laser group.

This is consistent with another study on albino mice, 
which observed the growth of the mandible in the 
group that received a laser with an energy of 8 J/cm2 in 
conjunction with the bite jumper appliance, showing 
the highest growth of the mandible. They concluded 
that laser radiation could stimulate condylar growth and 
increase mandibular growth.31

The result of the present study was consistent with 
another study that examined the clinical and histological 
effects of a low-level laser on condylar growth in rats. 
The researchers concluded that mandibular growth was 
greater in the group to which the laser was applied in 
combination with the mandibular advancing appliance 
than in the group with the appliance alone.11

On the other hand, Amer et al showed in their study 
that low-level laser irradiation had no synergetic impact 
on the outcomes of twin-block therapy.32 The wavelength 
(940 nm) and laser power (100 mW) were similar to those 
of our study. However, the difference in their results 
compared to our study may be related to the difference 
in the points of radiation (1 point vs 4 points), time of 

Table 2. Mean differences between the two groups

Variables

Farmand 
Group

Farmand + Laser 
Group P Value 95% CI

Mean ± SD Mean ± SD

SNA -1.05 ± 2.60 -1.30 ± 1.25 0.788 -2.17-1.67

SNB 0.7 ± 2.09 2.60 ± 1.42 0.029 0.21-3.58

Co-Gn 4.72 ± 1.66 6.29 ± 1.63 0.048 0.19-3.12

Co-Me 5.02 ± 1.74 5.64 ± 0.94 0.337 -0.70-1.94

Co-Go 2.99 ± 1.65 5.11 ± 2.66 0.028 0.25-3.98

Ar-Gn 5.25 ± 2.51 6.04 ± 1.76 0.428 -1.25-2.83

Ar-Pg 5.41 ± 2.21 5.80 ± 1.48 0.649 -1.38-2.16

ANB -1.75 ± 0.75 -3.9 ± 0.87 0.000 -2.91-(-1.38)

U1 to Sn -3.65 ± 4.38 -1.95 ± 6.77 0.514 -3.66-7.06

IMPA 3.95 ± 5.94 2.30 ± 4.94 0.508 -6.78-3.48

Go-Me 3.95 ± 1.61 3.76 ± 1.37 0.780 -1.59-1.21

Go-Pg 3.96 ± 1.14 3.75 ± 1.08 0.678 -1.25-0.83

Overjet -3.85 ± 1.94 -3.75 ± 1.29 0.894 -1.45-1.65

Overbite -1.65 ± 2.01 -1.05 ± 1.14 0.423 -0.93-2.13

N-Pg 5.31 ± 3.25 5.33 ± 3.00 0.989 -2.92-2.96

S-Go 3.89 ± 1.83 6.38 ± 3.14 0.044 0.06-4.91

Ar-Go 3.52 ± 1.69 4.76 ± 2.02 0.154 -.51-2.99

Ulip to E line -0.90 ± 1.83 -1.30 ± 0.78 0.535 -1.72-0.92

Llip to E line -0.25 ± 1.65 -0.95 ± 1.30 0.307 -2.09-0.69

https://link.springer.com/article/10.1007/s41547-022-00158-x#auth-Mohamed_E_-Amer
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irradiation (25 seconds vs 100 seconds each point), and 
type of functional appliance (twin block vs Farmand).

Also, this result was not consistent with Amer and 
colleagues’ study on growing patients. They concluded 
that although these indicators increased in both groups 
with functional appliance therapy (with and without a 
laser), there was no difference between the two groups.33 
This may be related to differences in the properties of 
the GaAlAs laser used in this study (635 nm wavelength) 
or a different functional appliance (Twin block). This 
difference may also be attributed to darker skin types in 
the Egyptian population than in Iran. As shown in one 
study, at each wavelength of the laser, darker skin absorbs 
more laser energy, leaving less laser to act in the deeper 
layers of the skin.52

According to the results of the present study, an ANB 
difference of 2.15 degrees and an effective mandibular 
length difference of 1.57 mm can be considered clinically 
significant; however, more studies should be done to 
evaluate the cost-benefit of this treatment.

One of the limitations of the present study was the lack 
of a control group without treatment to consider normal 
growth. However, because of ethical issues, including a 
group without treatment is problematic. In addition, the 
evaluation period of our study was short. 

It is recommended that more clinical trials with a larger 
sample size and for a longer period of time be carried 
out to further explore the effectiveness of low-level laser 
therapy during functional treatment.

It can also be hypothesized that with lower laser 
power and even the use of visible light, similar effects 
can be achieved in this study to increase mandibular 
length. To test this hypothesis, we can use an appliance 
similar to a headphone that emits light around the TMJ 
while advancing the mandible by means of a functional 
appliance.

Conclusion
The application of a laser with the parameters and protocol 
used in this study in conjunction with the functional 
appliance positively affected the effective length of the 
mandible (Co-Gn), the anterior sagittal position of 
the mandible (SNB), the length of the ramus (Co-Go), 
and the discrepancy between the jaws, and it enhanced 
the effect of the functional appliance on improving the 
skeletal profile and reducing the discrepancy between the 
two jaws.

Acknowledgements 
The authors gratefully acknowledge that this report is based on 
a thesis submitted to the School of Dentistry, Shahid Sadoughi 
University of Medical Sciences, in partial fulfillment of the 
requirement for an MS degree (Thesis number:176T).

Competing Interests
The authors declare no conflict of interest. 

Ethical Approval
The study protocol was approved by the Ethics Committee of 
Shahid Sadoughi University of Medical Sciences (license number: 
IR.SSU.REC.1398.025) and registered at Iranian Registry of Clinical 
Trials (identifier: IRCT20210221050435N1).

Funding
This study was financially supported and approved by Shahid 
Sadoughi University of Medical Sciences, Yazd, Iran

References
1.	 Altan BA, Sokucu O, Ozkut MM, Inan S. Metrical and 

histological investigation of the effects of low-level laser 
therapy on orthodontic tooth movement. Lasers Med Sci. 
2012;27(1):131-40. doi: 10.1007/s10103-010-0853-2.

2.	 Bashardoust Tajali S, Macdermid JC, Houghton P, Grewal 
R. Effects of low power laser irradiation on bone healing in 
animals: a meta-analysis. J Orthop Surg Res. 2010;5:1. doi: 
10.1186/1749-799x-5-1.

3.	 Shakouri SK, Soleimanpour J, Salekzamani Y, Oskuie MR. 
Effect of low-level laser therapy on the fracture healing 
process. Lasers Med Sci. 2010;25(1):73-7. doi: 10.1007/
s10103-009-0670-7.

4.	 Kreisner PE, Blaya DS, Gaião L, Maciel-Santos ME, Etges 
A, Santana-Filho M, et al. Histological evaluation of the 
effect of low-level laser on distraction osteogenesis in rabbit 
mandibles. Med Oral Patol Oral Cir Bucal. 2010;15(4):e616-
8. doi: 10.4317/medoral.15.e616.

5.	 Miloro M, Miller JJ, Stoner JA. Low-level laser effect on 
mandibular distraction osteogenesis. J Oral Maxillofac Surg. 
2007;65(2):168-76. doi: 10.1016/j.joms.2006.10.002.

6.	 Saito S, Shimizu N. Stimulatory effects of low-power laser 
irradiation on bone regeneration in midpalatal suture during 
expansion in the rat. Am J Orthod Dentofacial Orthop. 
1997;111(5):525-32. doi: 10.1016/s0889-5406(97)70152-5.

7.	 Farzan A, Moshiri A, Andalib S, Shamsi M, Motamed N. Effect 
of simvastatin and low-level laser therapy on sutural bone 
formation after expansion in rats: biomechanical, computed 
tomography and immunohistochemical assessment. J Lasers 
Med Sci. 2022;13:e21. doi: 10.34172/jlms.2022.21.

8.	 Farzan A, Khaleghi K, Pirayesh Z. Effect of low-level laser 
therapy on bone formation in rapid palatal expansion: a 
systematic review. J Lasers Med Sci. 2022;13:e13. doi: 
10.34172/jlms.2022.13.

9.	 Yassaei S, Fekrazad R, Shahraki N. Effect of low level laser 
therapy on orthodontic tooth movement: a review article. J 
Dent (Tehran). 2013;10(3):264-72.

10.	 Choi JW, Jang IS, Jeong MJ. Review of low level laser therapy 
on the growth of epiphyseal plate. J Pediatr Korean Med. 
2015;29(4):29-38. doi: 10.7778/jpkm.2015.29.4.029.

11.	 Seifi M, Maghzi A, Gutknecht N, Mir M, Asna-Ashari M. The 
effect of 904 nm low level laser on condylar growth in rats. 
Lasers Med Sci. 2010;25(1):61-5. doi: 10.1007/s10103-009-
0651-x.

12.	 Sharma JN. Epidemiology of malocclusions and assessment 
of orthodontic treatment need for the population of eastern 
Nepal. World J Orthod. 2009;10(4):311-6.

13.	 Celikoglu M, Akpinar S, Yavuz I. The pattern of malocclusion 
in a sample of orthodontic patients from Turkey. Med Oral 
Patol Oral Cir Bucal. 2010;15(5):e791-6. doi: 10.4317/
medoral.15.e791.

14.	 McNamara JA Jr. Components of class II malocclusion in 
children 8-10 years of age. Angle Orthod. 1981;51(3):177-202. 
doi: 10.1043/0003-3219(1981)051 < 0177:cocimi > 2.0.co;2.

15.	 Staley R. Etiology and prevalence of malocclusion. In: Bishara 
SE, ed. Textbook of Orthodontics. Philadelphia, PA: WB 

https://doi.org/10.1007/s10103-010-0853-2
https://doi.org/10.1186/1749-799x-5-1
https://doi.org/10.1007/s10103-009-0670-7
https://doi.org/10.1007/s10103-009-0670-7
https://doi.org/10.4317/medoral.15.e616
https://doi.org/10.1016/j.joms.2006.10.002
https://doi.org/10.1016/s0889-5406(97)70152-5
https://doi.org/10.34172/jlms.2022.21
https://doi.org/10.34172/jlms.2022.13
https://doi.org/10.7778/jpkm.2015.29.4.029
https://doi.org/10.1007/s10103-009-0651-x
https://doi.org/10.1007/s10103-009-0651-x
https://doi.org/10.4317/medoral.15.e791
https://doi.org/10.4317/medoral.15.e791
https://doi.org/10.1043/0003-3219(1981)051%3c0177:cocimi%3e2.0.co;2


Journal of Lasers in Medical Sciences  Volume 14, 2023 7

LLLT on Mandibular Deficiency Treatment

Saunders; 2001. p. 83-96.
16.	 Singh GD, Clark WJ. Localization of mandibular changes in 

patients with class II division 1 malocclusions treated with 
twin-block appliances: finite element scaling analysis. Am 
J Orthod Dentofacial Orthop. 2001;119(4):419-25. doi: 
10.1067/mod.2001.113265.

17.	 Clark W. Design and management of Twin Blocks: reflections 
after 30 years of clinical use. J Orthod. 2010;37(3):209-16. 
doi: 10.1179/14653121043110.

18.	 Elgoyhen JC, Moyers RE, McNamara JA Jr, Riolo ML. 
Craniofacial adaptation of protrusive function in young 
rhesus monkeys. Am J Orthod. 1972;62(5):469-80. doi: 
10.1016/0002-9416(72)90023-1.

19.	 Petrovic AG. Mechanisms and regulation of mandibular 
condylar growth. Acta Morphol Neerl Scand. 1972;10(1):25-
34.

20.	 Ruf S, Baltromejus S, Pancherz H. Effective condylar growth and 
chin position changes in activator treatment: a cephalometric 
roentgenographic study. Angle Orthod. 2001;71(1):4-11. doi: 
10.1043/0003-3219(2001)071 < 0004:ecgacp > 2.0.co;2.

21.	 McNamara JA Jr, Hinton RJ, Hoffman DL. Histologic analysis of 
temporomandibular joint adaptation to protrusive function in 
young adult rhesus monkeys (Macaca mulatta). Am J Orthod. 
1982;82(4):288-98. doi: 10.1016/0002-9416(82)90463-8.

22.	 Rodrigues de Almeida M, Castanha Henriques JF, Rodrigues 
de Almeida R, Ursi W. Treatment effects produced by Fränkel 
appliance in patients with class II, division 1 malocclusion. 
Angle Orthod. 2002;72(5):418-25. doi: 10.1043/0003-
3219(2002)072 < 0418:tepbfa > 2.0.co;2.

23.	 Pakshir H, Mokhtar A, Darnahal A, Kamali Z, Jamilian 
A. Treatment effects of Farmand functional appliance on 
class II division 1 malocclusion. J Res Dent Maxillofac Sci. 
2016;1(1):22-7. doi: 10.29252/jrdms.1.1.22.

24.	 Yassaei S, Aghili H, Razeghi D. Evaluation of dentoskeletal 
effects of Farmand functional appliance (Fa II) on class II 
malocclusion. J Dent Med. 2007;20(3):212-9. [Persian].

25.	 Yassaei S, Sorush M. Changes in hyoid position following 
treatment of class II division 1 malocclusions with a 
functional appliance. J Clin Pediatr Dent. 2008;33(1):81-4. 
doi: 10.17796/jcpd.33.1.lj3133w7275718kr.

26.	 Yassaei S, Bahrololoomi Z, Sorush M. Changes of tongue 
position and oropharynx following treatment with functional 
appliance. J Clin Pediatr Dent. 2007;31(4):287-90. doi: 
10.17796/jcpd.31.4.lp479v346345460g.

27.	 Yassaei S, Jamilian A, Joshan N. Effects of Twin-Block and 
Faramand-LL appliances on soft tissue profile in the treatment 
of class II division 1 malocclusion. Int J Orthod Milwaukee. 
2014;25(4):57-62.

28.	 El-Bialy T, El-Shamy I, Graber TM. Growth modification 
of the rabbit mandible using therapeutic ultrasound: 
is it possible to enhance functional appliance results? 
Angle Orthod. 2003;73(6):631-9. doi: 10.1043/0003-
3219(2003)073 < 0631:gmotrm > 2.0.co;2.

29.	 Oyonarte R, Zárate M, Rodriguez F. Low-intensity pulsed 
ultrasound stimulation of condylar growth in rats. Angle 
Orthod. 2009;79(5):964-70. doi: 10.2319/080708-414.1.

30.	 Abtahi M, Poosti M, Saghravanian N, Sadeghi K, Shafaee 
H. The effect of low level laser on condylar growth during 
mandibular advancement in rabbits. Head Face Med. 
2012;8:4. doi: 10.1186/1746-160x-8-4.

31.	 Okşayan R, Sökücü O, Üçüncü N. The effects of low-level laser 
therapy on condylar growth with a mandibular advancement 
appliance in rats. Photomed Laser Surg. 2015;33(5):252-7. 

doi: 10.1089/pho.2014.3870.
32.	 Amer ME, ElKadi A, Nadim M, Sedky Y. Effect of low-level 

laser therapy on condylar growth in children treated with 
functional appliance: a preliminary study. Lasers Dent Sci. 
2022;6(3):177-87. doi: 10.1007/s41547-022-00158-x.

33.	 Hameed Mohamed MA, Abdallah KF, Hussein FA. Three-
dimensional assessment of mandibular condylar volume 
and position subsequent to twin block functional therapy 
of skeletal class II malocclusion accompanied by low-level 
laser therapy. Dent J (Basel). 2020;8(4):115. doi: 10.3390/
dj8040115.

34.	 Yassaei S, Aghili H, Afshari JT, Bagherpour A, Eslami F. Effects 
of diode laser (980 nm) on orthodontic tooth movement and 
interleukin 6 levels in gingival crevicular fluid in female 
subjects. Lasers Med Sci. 2016;31(9):1751-9. doi: 10.1007/
s10103-016-2045-1.

35.	 Rabie AB, Zhao Z, Shen G, Hägg EU, Dr O, Robinson 
W. Osteogenesis in the glenoid fossa in response to 
mandibular advancement. Am J Orthod Dentofacial Orthop. 
2001;119(4):390-400. doi: 10.1067/mod.2001.112875.

36.	 Rabie AB, Leung FY, Chayanupatkul A, Hägg U. The 
correlation between neovascularization and bone formation 
in the condyle during forward mandibular positioning. 
Angle Orthod. 2002;72(5):431-8. doi: 10.1043/0003-
3219(2002)072 < 0431:tcbnab > 2.0.co;2.

37.	 Anders JJ, Lanzafame RJ, Arany PR. Low-level light/laser 
therapy versus photobiomodulation therapy. Photomed Laser 
Surg. 2015;33(4):183-4. doi: 10.1089/pho.2015.9848.

38.	 Hughes PS. Treatment of molluscum contagiosum with the 
585-nm pulsed dye laser. Dermatol Surg. 1998;24(2):229-30. 
doi: 10.1111/j.1524-4725.1998.tb04141.x.

39.	 Michel JL. Treatment of hemangiomas with 595 nm pulsed 
dye laser dermobeam. Eur J Dermatol. 2003;13(2):136-41.

40.	 Khadra M, Rønold HJ, Lyngstadaas SP, Ellingsen JE, Haanaes 
HR. Low-level laser therapy stimulates bone-implant 
interaction: an experimental study in rabbits. Clin Oral 
Implants Res. 2004;15(3):325-32. doi: 10.1111/j.1600-
0501.2004.00994.x.

41.	 Bartlett WP, Quillen WS, Gonzalez JL. Effect of gallium 
aluminum arsenide triple-diode laser on median nerve 
latency in human subjects. J Sport Rehabil. 1999;8(2):99-108. 
doi: 10.1123/jsr.8.2.99.

42.	 Guidelines for Treatment With Laser Therapy. IOP Publishing 
energy laser. https://energy-laser.com/guide-lines-for-
treatment-with-laser-therapy/. Accessed April 19, 2021.

43.	 Pinheiro AL, Gerbi ME. Photoengineering of bone repair 
processes. Photomed Laser Surg. 2006;24(2):169-78. doi: 
10.1089/pho.2006.24.169. 

44.	 Baccetti T, Franchi L, McNamara JA Jr. An improved 
version of the cervical vertebral maturation (CVM) 
method for the assessment of mandibular growth. 
Angle Orthod. 2002;72(4):316-23. doi: 10.1043/0003-
3219(2002)072 < 0316:aivotc > 2.0.co;2.

45.	 Baccetti T, Franchi L, Toth LR, McNamara JA Jr. 
Treatment timing for Twin-block therapy. Am J Orthod 
Dentofacial Orthop. 2000;118(2):159-70. doi: 10.1067/
mod.2000.105571.

46.	 Maspero C, Farronato M, Bellincioni F, Cavagnetto D, Abate 
A. Assessing mandibular body changes in growing subjects: a 
comparison of CBCT and reconstructed lateral cephalogram 
measurements. Sci Rep. 2020;10(1):11722. doi: 10.1038/
s41598-020-68562-6.

47.	 Clark WJ. The twin block technique. A functional orthopedic 

https://doi.org/10.1067/mod.2001.113265
https://doi.org/10.1179/14653121043110
https://doi.org/10.1016/0002-9416(72)90023-1
https://doi.org/10.1043/0003-3219(2001)071%3c0004:ecgacp%3e2.0.co;2
https://doi.org/10.1016/0002-9416(82)90463-8
https://doi.org/10.1043/0003-3219(2002)072%3c0418:tepbfa%3e2.0.co;2
https://doi.org/10.1043/0003-3219(2002)072%3c0418:tepbfa%3e2.0.co;2
https://doi.org/10.29252/jrdms.1.1.22
https://doi.org/10.17796/jcpd.33.1.lj3133w7275718kr
https://doi.org/10.17796/jcpd.31.4.lp479v346345460g
https://doi.org/10.1043/0003-3219(2003)073%3c0631:gmotrm%3e2.0.co;2
https://doi.org/10.1043/0003-3219(2003)073%3c0631:gmotrm%3e2.0.co;2
https://doi.org/10.2319/080708-414.1
https://doi.org/10.1186/1746-160x-8-4
https://doi.org/10.1089/pho.2014.3870
https://doi.org/10.1007/s41547-022-00158-x
https://doi.org/10.3390/dj8040115
https://doi.org/10.3390/dj8040115
https://doi.org/10.1007/s10103-016-2045-1
https://doi.org/10.1007/s10103-016-2045-1
https://doi.org/10.1067/mod.2001.112875
https://doi.org/10.1043/0003-3219(2002)072%3c0431:tcbnab%3e2.0.co;2
https://doi.org/10.1043/0003-3219(2002)072%3c0431:tcbnab%3e2.0.co;2
https://doi.org/10.1089/pho.2015.9848
https://doi.org/10.1111/j.1524-4725.1998.tb04141.x
https://doi.org/10.1111/j.1600-0501.2004.00994.x
https://doi.org/10.1111/j.1600-0501.2004.00994.x
https://doi.org/10.1123/jsr.8.2.99
https://energy-laser.com/guide-lines-for-treatment-with-laser-therapy/
https://energy-laser.com/guide-lines-for-treatment-with-laser-therapy/
https://doi.org/10.1089/pho.2006.24.169
https://doi.org/10.1043/0003-3219(2002)072%3c0316:aivotc%3e2.0.co;2
https://doi.org/10.1043/0003-3219(2002)072%3c0316:aivotc%3e2.0.co;2
https://doi.org/10.1067/mod.2000.105571
https://doi.org/10.1067/mod.2000.105571
https://doi.org/10.1038/s41598-020-68562-6
https://doi.org/10.1038/s41598-020-68562-6


Aghili et al

Journal of Lasers in Medical Sciences  Volume 14, 20238

appliance system. Am J Orthod Dentofacial Orthop. 
1988;93(1):1-18. doi: 10.1016/0889-5406(88)90188-6.

48.	 Elfeky HY, Fayed MS, Alhammadi MS, Soliman SAZ, El 
Boghdadi DM. Three-dimensional skeletal, dentoalveolar and 
temporomandibular joint changes produced by Twin Block 
functional appliance. J Orofac Orthop. 2018;79(4):245-58. 
doi: 10.1007/s00056-018-0137-1.

49.	 Yildirim E, Karacay S, Erkan M. Condylar response to 
functional therapy with Twin-Block as shown by cone-beam 
computed tomography. Angle Orthod. 2014;84(6):1018-25. 
doi: 10.2319/112713-869.1.

50.	 Trenouth MJ. Cephalometric evaluation of the Twin-block 
appliance in the treatment of class II division 1 malocclusion 

with matched normative growth data. Am J Orthod 
Dentofacial Orthop. 2000;117(1):54-9. doi: 10.1016/s0889-
5406(00)70248-4.

51.	 O’Brien K, Wright J, Conboy F, Sanjie Y, Mandall N, 
Chadwick S, et al. Effectiveness of early orthodontic treatment 
with the Twin-block appliance: a multicenter, randomized, 
controlled trial. Part 1: dental and skeletal effects. Am J 
Orthod Dentofacial Orthop. 2003;124(3):234-43. doi: 
10.1016/s0889540603003524.

52.	 Mustafa FH, Jaafar MS. Comparison of wavelength-dependent 
penetration depths of lasers in different types of skin in 
photodynamic therapy. Indian J Phys. 2013;87(3):203-9. doi: 
10.1007/s12648-012-0213-0.

https://doi.org/10.1016/0889-5406(88)90188-6
https://doi.org/10.1007/s00056-018-0137-1
https://doi.org/10.2319/112713-869.1
https://doi.org/10.1016/s0889-5406(00)70248-4
https://doi.org/10.1016/s0889-5406(00)70248-4
https://doi.org/10.1016/s0889540603003524
https://doi.org/10.1007/s12648-012-0213-0

