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ABSTRACT
Skeletal Class II malocclusion has been called the common orthodontic problem in orthodontic clinics. These malocclusions
are often due to mandibular deficiency. Various fixed and removable functional appliances have been used for the treatment
of skeletal Class II malocclusion in patients who are undergoing a pubertal growth spurt. The results obtained from human
and experimental animal studies showed that functional treatment of skeletal Class II treatment enhances the backward
and upward growth potential of the mandibular condyle, and this mechanism provides forward movement of the lower
jaw. Many studies reported that the adaptive remodeling of condylar cartilage and glenoid fossa increases with the aid of
mechanical forces sourced from a functional appliance. One of the most important factors in mandibular advancement is
to provide the condylar cellular activity in a shorter treatment time. The duration of functional appliance therapy depends
on several factors such as patient age, sex, severity of the skeletal problem, and appliance type. The functional treatment
period varies between 6 and 24 months. The patients undergoing orthodontic treatment often complain about the length
of treatment time. In many studies, different techniques such as low level laser, ultrasound stimulation, anabolic steroids,
growth hormone, and cyclosporine have been used to reduce functional treatment time and stimulate the condylar cartilage
and bone. The purpose of this review is to describe biostimulation of mandibular condyle growth and evaluate the various
techniques for mandibular condyle biostimulation.
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Introduction
Functional appliance treatment has been used in patients
who have skeletal Class II malocclusion. Adolescent
patients also complain about the treatment time of this
kind of treatment. Many methods were used to shorten
the functional treatment time.
Skeletal Class II malocclusion has been called the
common orthodontic problem in orthodontic clinics.
These malocclusions are often due to mandibular
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deficiency.[1] Various fixed and removable functional
appliances have been used for the treatment of skeletal
Class II malocclusion in patients who are undergoing
a pubertal growth spurt.[2-4] The results obtained from
human and experimental animal studies showed that
functional treatment of skeletal Class II treatment
enhances the backward and upward growth potential of
the mandibular condyle, and this mechanism provides
forward movement of the lower jaw. [5] Mandibular
condyle cartilage is called as a secondary cartilage and
composed from periosteal originate cells. Prenatally 3/4
parts of condylar cartilage are ossified as endochondrally.
Secondary cartilages persist postnatally in areas such as
the mandibular condyle cartilage, intermaxillary suture,
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and angular part of the mandible.[6] Many studies reported
that the adaptive remodeling of condylar cartilage and
glenoid fossa increases with the aid of mechanical forces
sourced from a functional appliance.[5,7,8] One of the most
important factors in mandibular advancement is to provide
the condylar cellular activity in a shorter treatment time.
The duration of functional appliance therapy depends
on several factors such as patient age, sex, severity of
the skeletal problem, and appliance type. The functional
treatment period varies between 6 and 24 months.[2,3,9] The
patients undergoing orthodontic treatment often complain
about the length of treatment time.[10]
In many studies, different techniques such as low level
laser, ultrasound stimulation, anabolic steroids, growth
hormone, and cyclosporine have been used to reduce
functional treatment time and stimulate the condylar
cartilage and bone.[11-15]
The purpose of this review is to describe biostimulation
of mandibular condyle growth and evaluate the various
techniques for mandibular condyle biostimulation.

Low-Level Laser Applications
Low-level laser application has gained popularity in
medical and dental fields in recent years. Many in vitro
and in vivo experimental studies were performed before
clinical use. [16] Enhancement of chondroblastic and
osteoblastic activation provides the organic matrix increase.
The stimulation of these cells’ activity causes mandibular
condylar growth and forward lower jaw growth.[11] Jia and
Guo examined the biostimulatory effect of He-Ne laser
on chondrocytic cultures, and their study showed that
4-6 J/cm2 laser irradiation increased the cell numbers and
revealed higher cell proliferation activity compared to the
control group.[17] Seifi et al. studied the effect of 904 nm
low-level laser on condylar growth in rats, and reported
that laser irradiation can stimulate condylar growth and
cause mandibular advancement.[11] Abtahi et al. studied the
effect of low-level laser on condylar growth in rabbits, and
they concluded that irradiation of 630 nm KlO3 low-level
laser during mandibular advancement in rabbits enhances
bone formation in the condylar area.[12] El-Bialy et al.
evaluated the effect of a light-emitting diode (LED) and
laser on mandibular growth in rats, and they reported that
the laser irradiated groups showed less mandibular growth
than LED-treated groups.[18]

Ultrasound Applications
Ultrasound is a type of mechanical stimulus and energy
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that occurs when acoustic pressure waves are transmitted
through living tissues. Ultrasound frequencies are above
the limit of ear hearing mechanisms.[13] Oyonarte et al. used
low-intensity pulsed ultrasound stimulation of condylar
growth in rats. They concluded that ultrasound treatment
may change mandibular growth patterns. More response
was achieved when the rats were stimulated for 20 min
rather than 10 min daily.[1] El-Bialy et al. applied ultrasound
on the condylar area of growing rabbits. They revealed that
ultrasound enhances mandibular growth by endochondral
condylar growth and ramus growth.[13] Similar findings
have been reported by Khan et al. who studied the
effects of growth hormone and ultrasound on mandibular
growth in rats. They showed that mandibular growth may
be enhanced by ultrasound application.[14] El-Bialy et al.
studied the growth modification of the mandible with
ultrasound in baboons and found ultrasound increased the
mandibular growth over a 4 months period.[19]

Hormone Applications
Growth hormone is a kind of pituitary hormone that
enhances bone growth and has an anabolic impact on
other organs and tissues. Khan et al. studied the effects of
growth hormone and ultrasound on mandibular growth in
rats and showed that there were synergetic effects of the
growth hormone and ultrasound application in increasing
mandibular condylar head length.[14] Another study about
the human growth hormone is presented by Yamamoto
who revealed that the growth hormone group had larger
condylar heads. In addition to this, cartilage cells were large
in size and number.[20] Ramirez-Yañez et al. reported that
growth hormone stimulates mitotic activity and postpones
the maturation of cartilage cells in the mandibular
condyle.[21] In rabbit mandibular condyle, growth hormone
enhances chondrocyte proliferation, synthesis of DNA, and
secretion of Type II collagens.[22] Feizbakhsh et al. showed
that localized injection of growth hormone accelerates the
condylar cartilage growth activity in rabbits.[23]
An in vitro study showed the effect of parathyroid hormone
(PTH) in chondroprogenitor cell proliferation. PTH has a
great effect on chondroprogenitor cells and might block
the differentiation pattern into mature cartilage.[24] Rabie
et al. researched the effects of PTH on the cellular activities
of chondrocytes in condylar cartilage during natural
growth and mandibular advancement. According to the
results, mandibular advancement supported mesenchymal
differentiation and caused PTH expression, which delayed
their further maturation to allow for more mandibular
condyle growth.[25]
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Estrogen restricts the mandibular condyle growth
and ovariectomy causes a proliferation of cartilage
thickness. [26] Márquez Hernández et al. studied the
effect of sex hormone-specific receptor antagonist in
growing mice, and they showed that growth is enhanced
by the stimulation of sex hormone-specific receptor
antagonist.[27] Kamiya et al. found sex hormone-specific
receptor antagonist increases condylar growth by
inhibiting the fibrocartilage turnover.[28]

4.

5.
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Anabolic Steroid Applications
Anabolic steroids can be used to improve muscle
dimension and performance. It may be possible to
accelerate craniofacial growth and change muscle activity
by using anabolic steroids.[29] Barrett and Harris found that
anabolic steroids produced both size and shape changes in
the craniofacial region.[15] da Silva and Cecanho found that
local injection of anabolic steroids into rat masseter muscle
was able to modify the growth direction and craniofacial
morphology, but did not show any changes in mandibular
length.[30] Gebhardt and Pancherz revealed that anabolic
steroids had a remarkable impact on mandibular growth
in both juvenile and adult rats.[31]
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Conclusion
Biostimulation of mandibular condyle cartilage may
affect the mandibular growth pattern in many ways with
or without intraoral appliances. According to the results
of many studies, development of new biostimulatory
technologies may shorten functional orthodontic
therapies. However, further in vivo studies are needed
with histomorphometric, radiographic and microcomputed tomography analysis to explore different effects
of various mandibular condyle cartilage biostimulatory
techniques.
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