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BACKGROUND/AIMS
Temporomandibular joint (TMJ) hypermobility is characterized by condyle hypertranslation, which moves anteriorly to the articular
eminence as the mouth opens. This study investigated the efficacy of organic silicon prolotherapy for treating TMJ hypermobility.
MATERIAL and METHODS
The study sample consisted of six young New Zealand White rabbits. One of the rabbit’s TMJ’s was injected with organic silicon while
the other joint was injected with isotonic saline. Isotonic saline (1.5 mL) was bilaterally administered into the upper joint space (1 mL) and
pericapsular tissue (0.5 mL). The rabbits were sacrificed using high-dose anesthetics one month after the follow-up. The sample sections
were stained with Mallory-Azan dye in order to identify collagen fibers. The samples were analyzed in terms of fibrosis and tissue
reactions. Statistical analysis was performed using the Mann-Whitney U test.
RESULTS
There was a significant difference in the severity of fibrosis amongst the study groups (p=0.00512). It was noted that more collagen fibers
and adipose tissue were produced from organic silicon than saline in the retrodiscal ligament.
CONCLUSION
The study concluded that organic silicon could be used as an alternative to dextrose injection for prolotherapy. Future studies and clinical
trials are necessary to gain further insight.
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INTRODUCTION
Temporomandibular joint (TMJ) hypermobility is defined as the hypertranslation of the condyle. The condylar head
moves anteriorly to the articular eminence as the mouth opens (1). The terms ‘‘subluxation,” ‘‘luxation,”’ and “dislocation”
have been used to describe this phenomenon (2). TMJ dislocation can be an acute or a recurrent problem. It occurs
when the condyle moves outside the glenoid fossa, locks anteriorly to the articular eminence, and cannot be self-reduced (3, 4).
The cause of TMJ hypermobility is linked to the morphology of the mandibular condyle–glenoid fossa–articular eminence
and generalized joint laxity (5). Some actions that contribute to TMJ hypermobility include yawning, trauma, wide biting,
intubation with general anesthesia, connective tissue disorders, tooth extraction, occlusal discrepancies, and lost vertical
dimension which increases capsule weakness and ligament laxity (6).
TMJ hypermobility can be treated using surgical or conservative techniques. Surgical procedures may include condylectomy, lateral pterygoid myotomy, capsular plication, and augmentation or reduction of the articular eminence (1,
7-9). Other conservative treatment approaches include physiotherapy, prolotherapy occlusal splints, intermaxillary fixation, intramuscular injection of botulinum toxin or sclerosing solutions, and intra-articular autologous blood injections
(10, 11).
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Prolotherapy, or “proliferation treatment,” is also known as “regenerative injection therapy” and “growth factor stimulation injection therapy.” Since 1937, it has been used to strengthen and
repair chronic ligaments, capsules, joints, and tendinous injuries
through the stimulation of collagen proliferation at the fibro-osseous junctions, which promotes the repair of soft tissues and
relieves pain (12). Prolotherapy primarily stimulates a small inflammatory response that promotes healing and/or viable scar
tissue formation which leads to stronger fibrous tissue at the
TMJ capsule and ligaments. Consequently, it inhibits the condyle from locking in an abnormal position in front of the articular
eminence (13).
Prolotherapy involves the use of various agents such as pumice
flour, phenol, sodium morrhuate (14), combinations of dextrose–
glycerin–phenol, psyllium seed oil (15), and various concentrations of dextrose (16).
Organic silicon is one of the most widely used drugs in mesotherapy. It is a structural component of connective tissue and is
an important part of both elastin and collagen. It controls the increase in fibroblast numbers and promotes the regeneration of
elastin and collagen fibers. Silicon also stimulates and regulates
the mitosis of fibroblasts. The mechanism of action that is used
in organic silicon is similar to that of prolotherapy (17).
The most common substance used in prolotherapy is dextrose.
However, Kılıç et al. showed that dextrose has had no superiority and does not contribute to the treatment of hypermobility
when compared with isotonic saline (18). Based on this finding,
it is believed that prolotherapy can be performed with a novel
material that has not been previously explored. Therefore, proliferation was tested in this study with a component containing
organic silicon.
MATERIAL and METHODS
Gazi University, Animal Experiments Local Ethics Committee
(G.Ü.ET-16.004/04.02.2016) The bilateral TMJs of six male New
Zealand White rabbits (approximately 1-year-old, weighing
2.5–3.0 kg) were assessed. The maximum number of animals
that the ethics committee allowed was used in this study to
achieve the minimum number of animals needed to generate
statistically significant data. The rabbits’ health was observed
for seven days before the study. The rabbits were housed in
standard-sized individual cages with consistent humidity and
temperature (approximately 60% and 22 °C, respectively) under
a 12-h light/dark cycle. They were fed a standard laboratory diet
with water ad libitum.
Main Points:
•
•

•
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Prolotherapy is one of the conservative treatments currently being used in hypermobility of temporomandibular joint.
In general, dextrose is used in prolotherapy. However,
there is currently no standard set for the concentration of
dextrose. This uncertainty propels researchers to research
different materials that can be used in prolotherapy.
Organic silicon may be one such material that can achieve
the necessary histological results for prolotherapy.
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Each rabbit was given both injection groups. One side of the TMJs
received an organic silicon (Conjonctyl, sodium monomethyl trisilanol orthohydroxybenzoate, 5 mL, Sedifa Laboratory, France) injection (six TMJs). The contralateral sides of TMJs were injected
with an isotonic saline (six TMJs). The rabbits were injected intramuscularly with ketamine hydrochloride (35 mg/kg) and xylazine (5 mg/kg) as anesthesia. First, the preauricular region was
shaved and the injection site (as specified by Artuziet et. al (19)
was disinfected using povidone–iodine. Then, a 28-gauge needle
was used to inject organic silicon into the upper space of the TMJ
(1 mL) and the pericapsular tissues (0.5 mL). Similarly, the control
group was injected with isotonic saline: 1 mL into the upper space
of the TMJ and 0.5 mL into the pericapsular tissues.
Orthodontic brackets were used for one day on the mandibles
to prevent the elongation of newly forming fibrous tissues. No
postoperative medication was used. The rabbits were sacrificed one month after the experimental period. Ketamine hydrochloride (45 mg/kg) and xylazine (5 mg/kg) were intramuscularly injected to maintain deep anesthesia. Afterwards, 20 mg
xylazine was injected into the pinna vein to sacrifice the rabbits
while they were anesthetized. The TMJ regions were then dissected and fixed in a 10% buffered formalin solution for 72 h.
The samples were decalcified with an 8% hydrochloric acid
and 8% formic acid solution. The paraffin blocks were sliced to
a thickness of 6 μm using a Leica RM 2125RT. The TMJ sections
were stained with Mallory–Azan dye to identify collagen fibers
for evaluation of fibrosis and tissue reactions in the samples.
Routine light microscopy techniques were used.
The guidelines established by Sairyo et al. (20) were used to assess fibrosis severity in retrodiscal ligaments and the lateral capsular ligaments (Grade 0: normal tissue showing no fibrotic regions, Grade 1: <25% fibrosis of the entire area, Grade 2: 25%–50%
fibrosis, Grade 3: 50%-75% fibrosis, and Grade 4: >75% fibrosis).
The statistical calculations were performed using Statistical
Package for the Social Sciences18 software (SPSS Inc., Chicago,
IL, USA). The Mann-Whitney U-test was used to estimate the
differences in fibrosis severity among the study groups. Statistical significance was accepted as p<0.05.
RESULTS
The rabbits in the study underwent the procedure with no complications. Two independent observers, who were unaware of the
treatment groups, performed the histopathological examination.
When the articular fibrous disk between the temporal and mandibular bones and the subsequent retrodiscal ligament were
examined, it was noted that there was an increase in inflammation of the organic silicon group, especially in the region where
the ligament was attached to the posterior part of the temporal
bone. It was also observed that there was proliferation of chondrocytes, increased amount of chondral tissue, and cell activation in the area where the temporal bone adhered to the ligament and also on the surface facing the disk. Inflammatory and
adipocyte cells, as well as collagen fibers, were also commonly
observed in the fibrous articular disk (Figure 1). Thin bundles of
collagen fibers, adipocytes, and fibrin accumulation were observed in collateral ligaments in the isotonic saline group. Inflammation was not detected (Figure 1).
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TABLE 1. Severity of fibrosis in areas of the temporomandibular joint injected with organic silicon and isotonic saline
Treatment Groups

n

Grade 0

Grade 1

Grade 2

Grade 3

Saline-injected
Organic silicon-injected

Grade 4

Mann Whitney U test p

6

6

0

0

6

0

2

3

0

0

0.00512

1

0

opening decreased with 10% dextrose prolotherapy, but the decrease was not statistically significant.
A 12-week follow-up study by Refai et al. (6) reported that 10%
dextrose can effectively decrease the maximum mouth opening
more than in the placebo group. In the study by Kilic et al. (18),
30% dextrose was not superior to isotonic saline in treating TMJ
hypermobility. Both treatments resulted in similarly significant
improvements in all visual analog scale measures. However, this
study did not find an increase in fibrotic area for TMJs injected
with isotonic saline.

FIGURE 1. Histological aspects of groups. (A and B) Organic silicon
group. (C and D) Isotonic saline group. ad, Adipocyte; f, fibrin; red
star, area of inflammation; c, connective tissue (Mallory–Azan
staining: A–C, original magnification × 10; B-D, original magnification
× 40).

Fibrosis severity was significantly different amongst the study
groups (p=0.00512). Within the organic silicon group, Grade 1 fibrotic
sites were seen in two TMJs (33.3%), grade 2 in three TMJs (50%),
and grade 3 in one TMJ (16.7%). Grade 0 fibrotic areas were observed in all of the joints injected with isotonic saline (Table 1).
DISCUSSION
This study investigated the efficacy of organic silicon prolotherapy for treating TMJ hypermobility. It was hypothesized that
organic silicon prolotherapy would produce superior results to
the saline control.
TMJ hypermobility can be treated using both surgical and conservative techniques. Considering the neurological complications
and difficulties associated with inappropriate applications of
surgical techniques (21), both doctors and patients tend to prefer
conservative treatment methods for treating TMJ hypermobility.

Rawand et al. (23) reported that there was no significant difference
between different concentrations (10%, 20%, and 30%) of dextrose
during TMJ prolotherapy. All concentrations were effective in improving clinical symptoms related to TMJ hypermobility. It was
specified that 10% dextrose may be just as adequate in treating
TMJ hypermobility as higher concentrations. In one instance, although the patient recovered clinically in the early period following
administration of injectable agents, it was observed that the disease recurred in the long term. It is a known fact that examining the
histological changes of the agents used produces more objective
results than examining the clinical improvements only (25).
Conjoctyl (monomethyl silanetriol salicylate, organic silicon) is an
antioxidant used in mesotherapy. Silicon is a component of the
structure of elastic connective tissue. It serves as a coenzyme for
macromolecular synthesis in the interstitial matrix and increases
collagen production (17, 26). Since the mechanism of action of the
drug and the mechanism of prolotherapy treatment are generally
the same, it is thought that conjoctyl may be a possible new alternative to prolotherapy with dextrose. The present study highlights that the number of inflammatory cells and collagen fibers
increased in histological images. Furthermore, a clear and significant increase in the fibrotic area was observed. This reflects the
accuracy of the hypothesis proposed in the beginning of this study.

Dextrose is commonly used in prolotherapy as it is readily available, inexpensive, and safe to use. There are currently various
dextrose concentrations (10%, 12.5%, 15%, 25%, and 50%) that are
used in the treatment of TMJ hypermobility (6, 12, 13, 22). However,
the number of sessions and amounts injected may vary. This may
be confusing for clinicians because differing reasons for its application are related to varying concentrations of dextrose but it has
shown no superiority to saline as cited by some studies (18, 23).

In a study by Sangho et al. (27), changes in the collagen structure
in rabbits were investigated in the 1st, 2nd, 4th, 8th, and 12th weeks
after prolotherapy. Changes in the collagen structure were evident in the fourth week following dextrose prolotherapy. A similar
4-week evaluation was performed in the present study. Multiple
sessions of dextrose injection were used in the clinical applications of prolotherapy. It was shown that more fibrotic area can
be obtained with multiple sessions of organic silicon injections.
Furthermore, it can be safely applied to TMJ prolotherapy in a
clinical manner because it is already practiced in many areas of
medicine such as in dermatology and ophthalmology (17, 28).

Refai (24) stated that 10% dextrose prolotherapy was sufficient
for significant recovery of symptoms related to TMJ hypermobility. Tomographic views have shown no morphological effect
on the bony components of the joint or the condylar position.
However, Ungor et al. (13) mentioned that the maximum mouth

There were a few limitations present in the study. First, it is not ethical to restrict jaw movements for a long period of time in animal
studies. Jaw movement was restricted in the rabbits for one day
in this study. Second, the sample size was limited as we were restricted in the number of animals allowed by the ethics committees.
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In conclusion, dextrose is used at different concentrations in
prolotherapy. Many studies emphasized the superiority of using dextrose for prolotherapy, and each dose was shown to be
successful in treating TMJ hypermobility. However, some other
studies reported no difference between using dextrose or saline
for prolotherapy. This study suggests that organic silicon may
limit hypermobility of the TMJ. Further studies and clinical trials
are needed to shed insight on this matter.
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