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Orofacial pain is not a disease entity, but rather a symptom
concerning many disease entities.

It is characterized by pain localized to the face and
temple and is often, but not always, accompanied by limi-
tation of temporomandibular joint (TMJ) function [1].
Sometimes, it is a symptom afferent to a disease that concern
the entire soma (as, for example, a body postural problem
[2]), and in these cases, the therapeutic approach must take
into account pathologies in anatomical districts also far from
the orofacial area. For example, TMJ disorders are a mus-
culoskeletal disorder that cause orofacial pain and also
disability of the cervical area [3, 4] and sometimes of the
lower districts (trunk) [2].

It is estimated that over 95% of cases of orofacial pain result
fromdental causes (i.e., toothache caused by pulpitis or a dental
abscess). After dental pain, the second most common cause of
orofacial pain is TMJ disorders (clicking, popping, or crepitus
in the TMJs, with intra-articular inflammation [1, 5], masti-
catory muscle pain [4], headache, tinnitus, impaired hearing,
and earache). All other causes of orofacial pain are relatively
more rare, in comparison to these, although the full differential
diagnosis is extensive. "e clinicians must not forget that
among these causes, there are some specific dental treatments,
such as, for example, the orthodontic treatment [6].

In recent years, there have been a lot of research studies
on aetiology, epidemiology, and management of orofacial
pain. It is therefore clear that the diagnosis and the clinical
management of orofacial pain undoubtedly require a mul-
tidisciplinary approach, which is the main target of this
special issue.

Although primary-care dental clinicians would not be
expected to diagnose rare orofacial pain conditions, they

should be able to assess the presenting pain complaint from
their patients, to such an extent that, if required, an ap-
propriate referral to secondary or tertiary care can be ex-
pedited. "is is because the majority of patients with
orofacial pain, including those with chronic pain, are ini-
tially managed by primary-care dental clinicians, who must
have scant time, resources, and training to effectively assess,
eventually treat and/or monitor these cases, or alternatively
send them to the appropriate specialists.

"e underlying causes of orofacial pain, both of dental or
nondental origin, can be complex, and their understanding
often requires a deep knowledge of background.

With these premises, it is clear that the New Frontiers in
Orofacial Pain and Its Management concern not only TMJs
and teeth—that are traditionally treated by intraoral in-
terventions, eventually aimed at managing pain from other
districts, too, as from the cervical area [7]—but also all the
other neuromuscular structures linked to the masticatory
system in the head and neck areas. "erefore, this special
issue reports research studies that concern not only the
branch of dentistry but also maxillofacial surgery and
neurosurgery. "e viscosupplementation, the use of botulin
toxin, and the ultrasound-guided interventions for tri-
geminal neuralgia are some of the newly developed tech-
niques described and reported in this special issue.

"e viscosupplementation is a minimally invasive tech-
nique that replaces synovial fluid by intra-articular injection
of hyaluronic acid. Although effective in some joints, there is
no conclusive evidence regarding temporomandibular dis-
orders in literature. "us, D. F. B. Fonseca et al. describe ten
cases reporting the efficacy of this protocol in intra-articular
TMJ disorders. In all the cases, the viscosupplementation
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protocol reduced pain and symptoms associated with internal
derangement of TMJ and improved quality of life of the
patients. Osteoarthritis changes decreased, and 20% of pa-
tients improved mandibular head excursion after treatment,
and these changes could also be monitored by 3D imagines
[8].

"e efficacy and safety of botulinum toxin type A in
treating adult patients with idiopathic trigeminal neuralgia are
described in this special issue by Liu et al., who applied the
protocol in a group of ≥ 80-year-old subjects (n � 14) and
with < 60-year-old subjects (n � 29). "e orofacial pain in
older patients declined significantly at 1-month after treat-
ment, as did that of younger patients. Also, some transient
side effects are described, of mild entity, and the strategies to
manage them, resolving the cases within 3 weeks.

In the field of neurosurgery, E.-S. Allam et al. report an
updated review on the ultrasound-guided intervention for the
treatment of trigeminal neuralgia."e strategic importance of
this technique is due to the fact that ultrasound provides real-
time images of the muscles and accompanying arteries and
can be used to guide the needle to the target region. Most
importantly, ultrasound guidance significantly reduces the
risk of collateral injury to vital neurovascular structures. "e
authors also describe the regional anatomy and ultrasound-
guided injection and techniques for the trigeminal nerve and
its branches, including the supraorbital, supratrochlear,
infraorbital, mental, auriculotemporal, maxillary, and man-
dibular nerves.

Moreover, in the field of maxillofacial surgery, the oro-
facial pain complainants in a group of 286 subjects already
treated with orthognathic surgery are described in this special
issue by Agbaje et al. "ey conclude that, in the posttreatment
period after maxillofacial surgery, TMJ symptoms do develop
both in patients with and without a previous history of TMJ
complaints, and most of these patients can be managed with
nonsurgical therapeutic modalities.

In conclusion, it is expected this special issue to address
and report recent advanced topics in the management of
orofacial pain and describe the ultimate new techniques and
tools both from an academic and real-world applications
point of view. Current views included in this issue will
hopefully allow us to assess a perspective of the orofacial
pain and to develop and familiarize with new research
studies related to the most recent multidisciplinary
viewpoints.
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Objective. To retrospectively analyze the effects of our original combination therapy treatment on patients with nonodontogenic
persistent dentoalveolar pain. Methods. Twenty-one patients suffering from persistent dentoalveolar pain (nineteen females and
two males; mean age± standard deviation: 55.7± 19.6 years) participated in this study. ,ey were treated with a therapy
combination of jaw exercise and psychoeducation to reduce oral parafunctional activities every month. ,e intensity of pain in
these subjects was evaluated using a numerical rating scale (NRS) before and after treatment. Results. ,e NRSs at the baseline
ranged from 5 to 10 (median, 8), from 0 to 10 (median, 2) at one month after treatment, from 0 to 10 (median, 1) at three months
after treatment, and from 0 to 10 (median, 0) at the end of treatment. Pain intensity after treatment improved significantly.
Conclusion. ,ere was a significant reduction in pain after our combination of therapies as nonpharmacological treatments, and
therefore this treatment could be useful in the management of NPDP patients.

1. Introduction

Patients suffering from nonodontogenic persistent den-
toalveolar pain (NPDP) continue to seek pain treatment
from several doctors, not only dentists but also several kinds
of medical practitioners. NPDP is known as idiopathic
periodontalgia [1], phantom tooth pain [2], atypical
odontalgia (AO) [3], persistent idiopathic facial pain [4], and
persistent dentoalveolar pain disorder (PDAP) as recently
reported by Nixdorf and Moana-Filho [5]. NPDP is de-
scribed as a pain that persists in the dentoalveolar region
without any evidence of clinical disease. Malacarne et al.
reported PDAP is likely to be neuropathic in origin, but
pathophysiological mechanisms to explain the onset and

persistence of the pain are still far from understood in their
review [6]. Dentists and medical practitioners treating
NPDP frequently fail to provide adequate pain relief and
improve patient’s quality of life [7].

Several studies have shown that, in many cases of NPDP,
the pain occurred after dental treatment, including end-
odontic treatment or surgical procedure [8, 9]. However,
NPDP can also occur spontaneously in sound teeth [10].
Some reports suggested that NPDP was caused by central
sensitization mechanisms [10–13]. Moreover, NPDP has
been regarded as a psychological problem because the
psychiatric prevalence of the PDAP patient was high since
chronic pain disorder could be associated with psychological
problems [1, 2, 5, 14]. Otherwise, NPDP might occur from
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cracked teeth or from myofascial pain syndrome [15], be-
cause it is difficult to differentiate the diagnoses.

Effective treatments for NPDP have yet to be estab-
lished. General treatments for NPDP are the pharma-
cological treatments used to treat neuropathic pain.
However, these treatments are not actually always ef-
fective in alleviating NPDP, and some patients experience
severe side effects [7, 16]. Furthermore, several reports
highly recommend avoiding irreversible treatments for
NPDP [5, 8]. ,e current treatment target might be to
improve quality of life (QOL) but not to provide adequate
pain relief [6].

Recently, there are many reports that therapies including
exercise therapy, cognitive-behavioral therapy or pro-
gressive relaxation, and intensive interdisciplinary re-
habilitation are moderately effective for chronic pain.
,erefore, we tried to treat NPDP patients using our original
combination therapy (exercise of jaw movement and psy-
choeducation to reduce oral parafunction activities (OPAs))
that was effective on craniocervical chronic pain in a pre-
vious study [17].

,e aim of this study was to retrospectively analyze the
effects of treatment of our original combination therapy for
patients with NPDP.

2. Materials and Methods

Data were collected in a test battery using an iPad and
through interviews conducted by a dentist. ,e same dentist
treated the patients using our original combination therapy.
,e intensity of pain was rated by the patient using a Nu-
merical Rating Scale (NRS), where 0 indicated no pain and
10 indicated the greatest pain possible. Patients were asked
about the pain intensity at every visit, and inquiries about
their pain condition were made by telephone call for the
follow-up.

All patients were referred from other hospitals to the
Pain Center for treatment of NPDP. Treatment protocols
used in the present report were based on institutional policy
and clinical guidelines approved by the IRB of Aichi Medical
University, and written consent was obtained from all pa-
tients (Reference number 13-083).

2.1. Participants. Participants were the patients who
visited the Multidisciplinary Pain Center (Pain Center)
of Aichi Medical University from December 2010 to June
2012. Twenty-one patients were chosen as participants at
first, but six patients dropped out during treatment.
Nineteen patients were female and two were male, and
their mean age was 55.7 ± 19.6 years. ,ey were selected
according to the following inclusion and exclusion
criteria:

Inclusion criteria:

(i) Nonodontogenic persistent dentoalveolar pain
(NPDP)

(ii) Pain duration more than 3 months
(iii) Age >18 years

Exclusion criteria:

(i) Clear case of odontogenic pain
(ii) Rheumatic disease or general inflammatory

condition
(iii) Fibromyalgia
(iv) Language difficulties and communication difficulties
(v) Closed locking jaw

2.2. Procedure of Treatment. ,e patients were administered
our combination therapy under the supervision of a dentist
(Makino) at our pain center at every visit. ,ey were
instructed to continue the exercises at home.

2.2.1. Listening and Explanation. After checking the medical
history of each patient, we listened to the patient’s complaints
regarding NPDP and reconfirmed their pain. We confirmed
that there was no clinical or radiographic evidence of relevant
pathology in their pain and explained this to the patients.

2.2.2. Exercise for Jaw Movement. Patients were instructed
to perform the jaw movement exercise at home.,e exercise
consists of ten sets of protrusion-retrusion (anterior-
posterior) jaw movements, a lateral jaw movement with
the right side, and then a lateral jaw movement on the left
side. Protrusion-retrusion (anterior-posterior) jaw move-
ments were performed while biting on a cotton roll with the
front teeth. A lateral jaw movement with the right side was
performed while biting on a cotton roll with the right canine,
and then a lateral jaw movement on the left side was per-
formed while biting on a cotton roll with the left canine. One
set exercise: a cotton roll goes up from below to the occlusal
plane at first, secondly, a cotton roll maintains position at the
occlusal plane, and finally, a cotton roll goes down in each
exercise. ,ese exercises were performed once a day. It was
important for the patients to concentrate on the jaw exercise
while watching their jaws move in a small mirror and to
move the jaw slowly. ,ey were also advised to perform the
exercise carefully so as not to induce pain (Figure 1).

2.2.3. Psychoeducation

(1) Recognition of OPAs. We informed patients to un-
derstand that it was important to recognize both OPAs and
the frequency of OPAs during the daytime.We advised them
not to be obsessed with OPAs or attempt to avoid them, but
just to recognize that it had occurred. In addition, our other
instruction was that when they felt pain, they had to rec-
ognize what kind of OPAs they were doing and how fre-
quently they were doing them.

(2) Relaxation of Masticatory System Method. Patients were
trained to relax their tongue, their masticatory muscles, and
their jaw. ,is form of relaxation involved taking a breath
with their mouth wide open and then closing the mouth and
trying to relax the tongue and jaw, without allowing the teeth
to clench together. ,ey were instructed to perform this
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system of relaxation when they noticed their pain and OPAs
(Figure 2).

2.3. One-Year Follow-Up. In the follow-up 1 year after the
patient’s last visit, we followed up on their pain condition
over a telephone call.

2.4. Statistical Analysis. ,e pain intensities in the patients
gained at every visit to the pain center. ,e data of the initial
pain and the pain intensity one month later, three months
later, and at the end of treatment were first analyzed by
Friedman test followed by Wilcoxon signed-rank test be-
tween the initial pain and the pain intensity one month later,
three months later, and at the end of treatment. ,e level of
significance for each test was set at P � 0.01.

3. Results

,e characteristics and the dental treatment histories of the
patients are described in Table 1. ,e mean duration of pain

was 37.7± 48.6 months. At first, 21 participants were
recruited for this study, but six participants (patient number:
16-21) dropped out during treatment. Finally the number for
statistical analysis was 15 out of 21 participants. Only 12
participants could be contacted by telephone call for the
follow-up.

3.1. Intensity of Pain. ,e individual changes in NRS are
listed in Table 2. ,e NRSs of the baseline ranged from 5 to
10 (Median, 8). ,e NRS ranged from 0 to 10 (Median, 0) at
one month after treatment, from 0 to 10 (Median, 0) at three
months after treatment, and from 0 to 10 (Median, 0) at the
end of treatment. ,e data of the 4 groups were significantly
different by the Friedman test (P< 0.01). Pain intensity after
treatment improved significantly (P< 0.01) (Wilcoxon test)
(Table 2; Figure 3).

3.2. Follow-Up. One year later, we evaluated 11 patients by
telephone call after the patient’s last visit. ,ree patients out

(a)

(b)

(c)

Figure 1: Jaw exercise. (a) Protusion-retrusion jaw movements while biting on a cotton roll with the front teeth. (b) Right jaw movement
while biting on a cotton roll with the right canine. (c) Left jaw movement while biting on a cotton roll with the left canine.

(a) (b) (c) (d)

Figure 2: Mouth exercise and relaxation. (a) Take a breath with the mouth wide open. (b) Roll the lips back inside the mouth. (c) Close the
mouth until the lips touch. (d) Relax the masticatory muscles, tongue, and jaw without letting the teeth touch.
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of 11 had no pain, seven patients had a recurrence of less
pain, and one patient displayed no improvement. Ten pa-
tients took no medication, while one patient occasionally
took medication. However, one patient took medication
everyday with no improvement of pain (Table 3).

4. Discussion

Generally, patients with NPDP are suffering from their pain
for a long time because available treatments fail to provide

adequate pain relief. However, this study found that our
treatment significantly improved the pain intensity of NPDP
and their QOL at follow-up. To date, therapeutic algorithm
for NPDP [8] includes mainly pharmacological treatments,
which are tricyclic antidepressants [14], serotonin and
norepinephrine reuptake inhibitors [18], anticonvulsants
[19], or pregabaline [20] as used for neuropathic pain. Al-
though these treatments could have serious side effects, the
effectiveness is not so high for NPDP [16]. In our study, three
patients said that they felt a little decrease in pain intensity
after taking anxiolytics, but almost no patients experienced
any pain relief through pharmacological treatments. ,ese
NPDP patients might include patients with persistent
periodontitis without bacterial inflammation, myofascial
pain syndrome, neuropathic pain, and PDAP because di-
agnostic criteria have not yet been established. But, the
present results apparently showed the benefits of our
original therapy for NPDP patients.

Our original therapy consists of exercise and psycho-
education that have become common therapies for chronic
pain. Recently, there are many reports of moderately ef-
fective nonpharmacologic therapies for TMD [21, 22], and
nonspecific chronic low back pain includes exercise therapy,
cognitive-behavioral therapy or progressive relaxation, and
intensive interdisciplinary rehabilitation [23]. Moreover, we
have been focusing on the fact that many NPDP patients
performed OPAs such as tongue touching of teeth and area
of pain, and teeth clenching while experiencing pain or not.
Many studies reported that chronic pain disorders including
NPDP have been linked to psychological factors [5, 24]. And,
a study reported that OPAs are associated with emotional
stress induced by social factors [25]. Vickers et al. hypotheses
that activation of low-threshold mechanoreceptors by
bruxism, which is another form of OPA, may modulate
nociception through gate-control mechanisms; bruxism
may thus be a potential pain-copingmechanism for AO [24].
In this study, almost all patients claimed that they were
always doing OPAs to pay attention to their pain area during
the day. We announce that NPDP patients have been doing

Table 2: ,e pain intensity in each visiting time at pain center.

Patient number Before 1 month 3 months End
1 8 5 5 0
2 8 2 2 0
3 5 3 0 0
4 8 10 0 0
5 8 8 4 1
6 5 2 1 1
7 7 0 0 0
8 10 10 10 10
9 9 9 5 5
10 8 0 6 5
11 8 0 0 0
12 8 1 0 0
13 8 8 2 0
14 10 0 0 0
15 10 0 0 0
Mean 8 4 2 1
Median 8 2 1 0
P value 0.0051 0.007 0.007
,e NRSs of the baseline ranged from 5 to 10 (median, 8). ,e NRS ranged
from 0 to 10 (median, 0) at one month after treatment. ,e NRS ranged
from 0 to 10 (median, 0) at three month after treatment. ,e NRS ranged
from 0 to 10 (median, 0) at the end of treatment. P value: the data were
analyzed byWilcoxon signed-rank test between the initial pain and the pain
intensity at one month later, three month later, and end of treatment.

10

5

N
RS

0
Before 1 month 3 months End of treatment

∗
∗

∗

Figure 3: ,e pain intensity in each visiting time at pain center.
Horizontal bar represents medians, boxes represent the 25th and
75th percentile ranges, and T bars represent the 5th and 95th
percentile ranges. ∗Difference between before and after treatment
(P< 0.01) (Wilcoxon test).

Table 3: ,e condition in the follow-up.

Patient number NRS Medicine
1 3∼6 None
2 1∼2 None
3 0 None
4 2∼3 None
5 0 None
6 3∼5 Sometime
7 0 None
8 10 Usual
9 — —
10 0∼1 None
11 3∼8 None
12 3∼5 None
13 0∼5 None
14 — —
15 — —
,e NRS ranges from 0 to 10, and ten patients took no medication, one
patient occasionally took medication in the follow-up.
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OPAs more frequently than dentists recognize, and OPAs
keep stimulating teeth or pain area by hard pressure. ,at is,
OPAs (teeth clenching or touching teeth by tongue) may be
major triggers in NPDP, and highly frequent OPAs might
have a bad influence on masticatory muscles. We think that
psychoeducation to reduce the frequency of OPAs could
decrease OPAs and change the facilitating muscles with
exercise. An additionally important point is that we, as
medical professionals, must sufficiently recognize the pa-
tients’ pain and explain it to them, because of the importance
of the relation between the patient and the clinician [21].

,e Hospital Anxiety (median, 11) and Depression Scale
(median, 10) and Pain Catastrophizing Scale (Median, 40) of
the participants in this study showed high score tendencies.
Four out of the 6 subjects who dropped out in this study had
mental diseases (bipolar disorder, schizophrenia, and
obsessive-compulsive disorder). Medical practitioners may
need to be careful of mental conditions or mental diseases of
NPDP patients.

Based on the present results, we could generate a hy-
pothesis about the onset mechanisms of NPDP. NPDP pa-
tients are iterating OPAs (clenching and tongue habit)
pressure teeth or area where a tooth once resists. If these
pressures continue, c-fibers on periodontal ligament space
will keep receiving the stimulation at first, and wind-up
phenomena will occur subsequently at the central nervous
system. ,is could be why local anesthesia for NPDP patients
leads to complete or incomplete pain relief, as seen on
a previous study [11]. And, most NPDP patients in this study
said that they have more OPAs than they had thought, and
their pain intensity became lower the second time they visited
the pain center after they had controlled the OPAs. It seemed
that the NPDP improved as the frequency of OPAs decreased.
As NPDP is chronic pain that means a plastic change in the
central nervous system, the pain could not be relieved im-
mediately and psychoeducation is needed for the treatment.
,at is, in NPDP, inflammation on periodontium is processed
under disrupted psychosocial conditions, thereby leading to
plastic changes of the central nervous system.

,ere are several limitations to this study. First of all, the
participants in this study were an undefined group having
NPDP because correct diagnosis and pathophysiological
mechanisms of NPDP have yet to be established. ,e
number of participants in this study is small. ,e further
studies of NPDP are needed but these studies are difficult
because the population of NPDP patients is small.

5. Conclusion

,is study reported a significant reduction in pain after our
own combination of therapies to improve jaw movement
and psychoeducation to reduce OPAs as forms of non-
pharmacological treatment. ,erefore, this treatment could
be useful in the management of NPDP patients.
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Viscosupplementation is a minimally invasive technique that replaces synovial fluid by intra-articular injection of hyaluronic acid
(HA). Although effective in some joints, there is not conclusive evidence regarding temporomandibular disorders.+is case series
described the efficacy of a viscosupplementation protocol in intra-articular temporomandibular disorders. Ten patients with
a diagnosis of disc displacement and/or osteoarthritis by Research Diagnostic Criteria for Temporomandibular Disorders
(RDC/TMD) were submitted to four monthly injections of low or medium molecular weight HA. Pain, mandibular function,
image analysis by tomography and magnetic resonance, and quality of life were assessed at baseline and follow-ups (1 and 6
months). Pain, jaw range-of-motion, mandibular function, and quality of life improved at follow-up evaluations. Osteoarthritis
changes decreased, and 20% of patients improved mandibular head excursion after treatment. Resolution of effusion and
improvement in disc morphology were observed for most patients. +is viscosupplementation protocol reduced pain and
symptoms associated with internal derangement of temporomandibular joint, improved quality of life, and showed benefits from
both low and medium molecular weight HA in alternate cycles.

1. Introduction

Temporomandibular disorders (TMDs) are a heterogeneous
group of disorders involving the temporomandibular joint
(TMJ), the masticatory muscles, and associated structures

[1–3]. TMD affect 5 to 12% of population [4], and their
management causes high costs to public health [5].+emost
common signs and symptoms include pain, TMJ sounds,
and limitation of mandibular movement, which can com-
promise daily activities and quality of life [2, 6].
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According to American Academy of Orofacial Pain
(AAOP), diagnosis and classification of TMD are divided
into twomajor groups: muscle and joint disorders, with their
respective subdivisions [3]. Among intra-articular TMD,
disc displacement with or without reduction and de-
generative joint disorders (osteoarthrosis and osteoarthritis)
are the most frequent alterations. +ey are associated to
changes in quantity and quality of synovial fluid (SF) [3, 7].

Viscosupplementation (VS) is a minimally invasive
technique that involves replacement of synovial fluid by
intra-articular injection of hyaluronic acid (HA) which
restores its concentration and molecular weight in joint
cavity [8]. HA is an important component of synovial fluid
and is produced by type B synoviocytes. +ese molecules are
involved by a large amount of water and provide suitable
viscosity and elasticity for synovial fluid [9]. Studies about
the effects of exogenous HAwith different molecular weights
have been performed. It has been suggested that high
molecular weight HA is important in lubrication and pro-
tection of joint structures due to its improvement of highly
hydrated and rheological environment [10, 11]. In contrast,
lowmolecular weight HA induces its endogen production by
type B synoviocytes restoring natural properties of synovial
fluid [12, 13].

VS has been proven to be effective for knee and other
large joints [14], and it can stimulate de novo synthesis of
HA and inhibits release of inflammatory mediators by
synoviocytes [8], such as cytokines and metalloproteinases
that have been associated with osteoarthritis, mediating
pain, and tissue damage [15–18].

Regarding TMD, there is not conclusive evidence [19–
21]. Several studies have shown that VS can improve lu-
brication and biomechanical properties of TMJ and elimi-
nate or reduce joint-related pain [22–26], but different
concentrations andmolecular weights of HA, varied number
of intra-articular injections, and treatment cycles made it
difficult to establish an effective approach [19–21]. Recent
systematic reviews have shown that HA intra-articular in-
jections in TMJ can be beneficial in improving pain and
symptoms of TMDs and in regulating inflammatory me-
diators better than placebo, but they highlight that further
clinical research is necessary to establish its effectiveness,
mainly in comparison to corticosteroid [19–21]. Moreover,
these works emphasize that an adequate protocol with
number of injections, appropriate molecular weight of HA,
minimum effective dose, and long-term side effects should
be addressed [19–21].

Based upon clinical use of VS in joint disorders, in-
cluding TMD, and the need of an efficient protocol for
treatment, we describe a case series of four monthly in-
jections of low and medium molecular weight HA in su-
perior TMJ compartment and analyze TMJ dysfunction and
quality of life through validated instruments and TMJ image
analysis.

2. Materials and Methods

+is study was approved by the Ethics Committee of
Universidade Federal de Minas Gerais, Belo Horizonte,

Brazil (CAAE-24911314.3.0000.5149) and registered in
Brazilian Registry of Clinical Trials (RBR-6759yz). All
procedures were performed in accordance with the ethical
standards of institutional and/or national research com-
mittee and with the principles stated in the 1964 Helsinki
Declaration and its later amendments. All patients provided
written informed consent before inclusion in the study and
received free and unconditional treatment.

Ten consecutive patients fulfilling the following in-
clusion criteria were selected from university orofacial pain
division or from a private orofacial pain clinic: age between
18 and 70, diagnosis of disc displacement with or without
reduction, and/or osteoarthritis according to the Research
Diagnostic Criteria for Temporomandibular Disorders
(RDC/TMD Axis I). Patients with rheumatologic diseases,
neuropathic pain, or history of previous TMJ surgery,
trauma, or fractures were excluded. No other treatment for
TMD (physical therapy, jaw exercises, heat pack to the jaw,
and muscle relaxants) was allowed during the study period,
and anamnesis before each session was performed to control
it.

2.1. Viscosupplementation. All ten selected patients un-
derwent a cycle of four injections (1 per month) of 1mL of
HA in upper joint compartment of both joints as previously
described [7]. Low MW HA (500–730 kDa, Polireumin®)
was used in months 1 and 3 and medium MW HA
(1,000–2,000 kDa, Osteonil Mini®) was injected in months 2
and 4. All injection procedures were conducted by the same
physician. Baseline evaluation and two follow-up assess-
ments (1 month and 6months) were performed after the end
of the treatment.

2.2. Clinical Evaluation. Clinical evaluations were per-
formed by the same experienced operator after training and
calibration by RDC/TMD examination protocol [27]. +e
following parameters were assessed at the time of diagnosis
(baseline) and at each appointment during treatment (data
not shown) and follow-ups (1 and 6 months after treatment):
(1) pain intensity by 0–10 numeric rating scale (NRS) (0� no
pain and 10�worst possible pain) [28]; (2) pain quality by
multidimensional McGill Pain Questionnaire (MPQ), which
characterizes emotional and sensory aspects of pain with
scores ranging from 1 to 78 [29]; (3) pain-related impact of
life by Manchester Orofacial Pain Disability Scale (MOPDS-
Brazil), a 26-item Likert scale questionnaire with scores
ranging from 0 to 52 [30]; (4) jaw range-of-motion by
interincisal distance; (5) severity of craniomandibular dys-
function by Clinical Dysfunction Index Craniomandibular
(IDCCM), ranging from 0 to 5 [31]; (6) functional limitation
by Mandibular Function Impairment Questionnaire
(MFIQ), a 17-item Likert scale questionnaire with final score
ranging from 0 to 5 [32]; (7) quality of life by Oral Health
Impact Profile (OHIP- 49) with values from 0 to 280 [33].

2.3. Image Analysis. +e patients’ left and right joints were
examined by cone-beam computerized tomography (CBCT)
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and by magnetic resonance imaging (MRI) at baseline and at
final follow-up (6 months after treatment). Images were
interpreted by a blind experienced radiologist and all
available slices were evaluated. In CBCT, osteoarthritic (OA)
changes were defined according to Ahmad et al. [34] by the
presence of sclerosis (loss of convex aspect in the articular
surface), osteophyte (reactive bone spirits), erosion (cortical
rupture), and subchondral cyst (pseudocyst infiltrated in the
subcortical region). All parameters were analyzed in sagittal
and coronal views of 1mm interval through Radiocef Studio
2 software as previously described [34]. +e distance of the
outmost points of detected alterations were compared be-
tween baseline and final follow-up images in the same to-
mographic slice. Position of mandibular head in relation to
temporal bone was assessed by visual inspection of the
CBCT scan slides and categorized as normal mobility,
hypomobility or hypermobility. In MRI, posterior band disc
joint position in sagittal and coronal views was evaluated as
previously described [18], and methods of image analysis for
MRI was similar of CBCT. Presence of reduction, adhesion,
and effusion (inflammatory signals) was also analyzed. In
addition, morphology of disc was classified as previously
described [35].

2.4. Statistical Analysis. Statistical analysis was performed
using MINITAB® software version 17. For clinical data,
within-patient differences among baseline and follow-up
values were assessed by paired t-tests for comparing mean
change or Wilcoxon signed rank test for comparing median
change. Osteoarthritic changes between baseline and final
follow-up (6 months) were evaluated by paired t-test for
comparing mean change (erosion) or by Wilcoxon signed
rank test for comparing median change (sclerosis, osteo-
phyte, and flattening). P values of 0.05 or less were con-
sidered significant. All graphs were created by GraphPad
Prism 5.0 software.

3. Results

Demographic characteristics (age, gender, race/ethnicity,
marital status, and scholarity) of sample are shown in
Table 1.

3.1. Clinical Evaluation. At baseline, 50% of patients (n � 5
patients) hadmyofascial pain according to RDC/TMDAxis I
Group I (muscle disorders) (Table 2). In RDC/TMD Axis I
Group II disorders (disc displacement), 90% (n � 9 patients)
were diagnosed with disc displacement with reduction
(ADDR). Whereas, in RDC/TMD Axis I Group III (other
joint conditions), 10% (n � 1 patient) had arthralgia at rest
and mandibular function and 20% (n � 2 patients) had
osteoarthosis/osteoarthritis diagnosis.

One and 6 months after treatment, there was a signifi-
cant change in patient diagnosis according to the RDC/TMD
Axis I Group I, that is, no patient was diagnosed with
myofascial pain. No changes were observed in RDC/TMD
Axis I Group II, except for one patient. In RDC/TMD Axis I
Group III, the patient with arthralgia became symptomless

and one of the patients formerly diagnosed with osteoar-
thritis was diagnosed with osteoarthrosis.

Mouth opening without pain improved at 1 month after
treatment in comparison to baseline (Figure 1(a)). Cra-
niomandibular dysfunction showed significant improve-
ment 1 and 6 months after treatment (Figure (1b)). Pain
intensity was significantly decreased at 1 and 6 months
(Figure 1(c)), as well as McGill pain scores (Figure 1(d)).

Moreover, orofacial pain disability was improved at 1
and 6 months follow-up evaluations (Figure 2(a)) and better
mandibular function was detected 6 months after treatment
(Figure 2(b)). Quality of life reported by patients showed
improvement at both follow-up evaluations in comparison
to baseline (Figure 2(c)).

3.2. Image Analysis. At baseline, both TMJs of all patients
were examined by CBCT and MRI. Osteoarthritic changes
evaluation by CBCTshowed significant decrease in presence
of osteophyte, flattening, sclerosis, and erosion of man-
dibular head at 6 months after treatment (Table 3). Hypo-
plasia and hyperplasia of mandibular head, deviation in
form, subcortical cysts, generalized sclerosis, loose joint
body or bone ankylosis were not found at baseline or 6
months follow-up. In addition, CBCT has shown that 20% of
patients (2 patients) have improved standard excursion of
mandibular head in both joints after treatment.

Soft tissue evaluation by MRI before and 6 months after
treatment showed the following: (1) all patients had disc
displacement with reduction before and after treatment; (2)
all patients had alterations in disc position in at least one of
the views (sagittal and/or coronal) after treatment; (3) one
patient showed remission of right disc adhesion after
treatment; (4) all patients (4 joints) who had effusion signal
before treatment evolved to resolution of effusion 6 months
after treatment (Table 4). Regarding disc shape, all patients
showed stabilization or improvement in disc morphology of
both joints, except for one patient.

4. Discussion

In this case series, we evaluated the effectiveness of a pro-
tocol of four injections of low andmediumMWHA on pain,
mandibular function, signs of intra-articular disease by
image analysis, and quality of life in ten patients with TMD.

After treatment, disc displacement diagnosis by MRI or
RDC/TMD was not changed, except for one patient, which
was expected since TMJ discs cannot be replaced by minimal
invasive technique [36]. Disc position in coronal view was
altered in 5 joints after treatment, and this may be due to
better lubrication and recovery of mandibular dynamics
obtained by VS. Joint sound is the clinical sign that
RDC/TMD utilizes for disc displacement diagnosis, but disc
position can only be determined by MRI analysis [27]. Since
VS improves joint lubrication and biomechanics, joint
sound may not be present even when disc is displaced. +is
might be the case for the patient that had a change in clinical
diagnosis by RDC/TMD, although image analysis did not
change.
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All patients initially diagnosed with muscle pain
(myofascial), joint pain (arthralgia), or limited mouth
opening have improved pain and function and those di-
agnoses were not observed at follow-ups. Pain relief was
observed by a significant reduction of pain intensity and
scores measured by NRS, McGill, and MOPDS. +is may be

attributed to different mechanisms regarding TMJ, such as
anti-inflammatory effects of HA injection with consequent
decrease of metalloproteinases and proinflammatory me-
diators in synovial fluid, as well as improvement of joint
biomechanics [10–13]. In this work, measurement of sy-
novial fluid inflammatory mediators was not performed to

Table 2: RDC/TMD diagnosis at baseline and follow-ups (1 and 6 months).

Patient

Research diagnostic criteria
Axis I

Group I Group II Group III
Right Left Right Left

1
Baseline MPWLO ADDR ADDR — —

Follow-up (1 month) — ADDR ADDR — —
Follow-up (6 months) — ADDR ADDR — —

2
Baseline — ADDR ADDR — —

Follow-up (1 month) — ADDR ADDR — —
Follow-up (6 months) — ADDR ADDR — —

3
Baseline — ADDR ADDR — —

Follow-up (1 month) — — — — —
Follow-up (6 months) — — — — —

4
Baseline — ADDR ADDR — —

Follow-up (1 month) — ADDR ADDR — —
Follow-up (6 months) — ADDR ADDR — —

5
Baseline MP ADDR ADDR Arthralgia Arthralgia

Follow-up (1 month) — ADDR ADDR — —
Follow-up (6 months) — ADDR ADDR — —

6
Baseline MP ADDR ADDR Osteoarthritis Osteoarthritis

Follow-up (1 month) — ADDR ADDR Osteoarthritis Osteoarthrosis
Follow-up (6 months) — ADDR ADDR Osteoarthritis Osteoarthrosis

7
Baseline MP ADDR ADDR — —

Follow-up (1 month) — ADDR ADDR — —
Follow-up (6 months) — ADDR ADDR — —

8
Baseline — ADDR ADDR — —

Follow-up (1 month) — ADDR ADDR — —
Follow-up (6 months) — ADDR ADDR — —

9
Baseline — — — Osteoarthrosis Osteoarthritis

Follow-up (1 month) — — — Osteoarthrosis Osteoarthritis
Follow-up (6 months) ∗ ∗ ∗ ∗ ∗

10
Baseline MPWLO ADDR ADDR — —

Follow-up (1 month) — ADDR ADDR — —
Follow-up (6 months) ∗ ∗ ∗ ∗ ∗

RDC/TMD Axis I Group I (muscle disorders): MP�myofascial pain, MPWLO�myofascial pain with limited opening; Group II (disc displacement):
ADDR� disc displacement with reduction; Group III (other joint conditions). ∗Patient did not attend final follow-up.

Table 1: Demographic characteristics of patients.

Patient Age Gender Race/ethnicity Marital status Education
1 35 F Other or unstated Never married High school or less
2 47 F Other or unstated Married High school or less
3 34 M Other or unstated Married High school or less
4 66 F White Married High school or less
5 20 F White Never married Undergraduate degree
6 30 F Other or unstated Married High school or less
7 19 F White Never married Undergraduate degree
8 27 F Other or unstated Never married Postgraduate degree
9 43 F Other or unstated Divorced High school or less
10 37 F White Never married Postgraduate degree
M: male; F: female.
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avoid invasive technique of TMJ, which could create bias in
treatment outcome. Moreover, masticatory muscles pro-
mote jaw movements and their functionality is related to
structural and functional integrity of TMJ [2]. Hence, relief
or improvement of joint symptoms, as well as restoration of
biomechanics by VS protocol, may be associated with better
function of adjacent muscles and pain relief. Moreover,
diminished peripheral inputs by restored TMJ may lead to
improvement of central sensitization and muscle pain [37].

VS protocol tested here showed significant improvement
in mouth opening amplitude both in clinical and radiologic
evaluations. +is outcome in clinical examination has also
been shown in other studies of VS but with different protocols

[7, 8, 24, 25] and may be due to restoration of joint lubri-
cation. Moreover, VS was able to improve medial disc po-
sition, shown by MRI, which may have contributed to better
mandible movements, TMJ biomechanics, and quality of life.

Less severe dysfunction was observed after treatment.
Evaluation of mandible function by MFIQ has also shown
improvement. More importantly, patients’ evaluation of
quality of life has improved. Other studies have also shown
beneficial outcomes of VS by mouth opening, pain intensity,
and subjective parameters such as satisfaction with treatment
[7, 24, 25]. However, to our knowledge, objective evaluation
of TMJ dysfunction, mandible function, and quality of life
through validated instruments is first described here.
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Figure 1: (a) Improvement on mouth opening without pain (measured in mm) at 1 and 6 months after treatment. +is parameter was
analyzed only on patients who showed limited mouth opening at baseline. Bars represent standard deviation (SD). Student’s t-test; ∗p �

0.039; n � 5 patients (1-month follow-up) and 3 patients (6-month follow-up). (b) Decrease in scores of craniomandibular dysfunction
(IDDCM-Helkimo Index) at 1 and 6 months after treatment. Box and whisker show quartiles, the band inside the box is the median, and the
ends of the whiskers represent minimum and maximum values. Wilcoxon signed rank test; ∗p � 0.034 (1-month follow-up) and ∗p � 0.038
(6-month follow-up); n � 10 patients (1-month follow-up) and 8 patients (6-month follow-up). (c) Decrease in NRS pain intensity at 1 and 6
months after treatment. +is parameter was analyzed only on patients who showed pain at baseline. Box and whisker show quartiles, the
band inside the box is the median, and the ends of the whiskers represent minimum and maximum values. Wilcoxon signed rank test;
∗p � 0.018 (1-month follow-up) and ∗p � 0.05 (6-month follow-up); n � 6 patients (1-month follow-up) and 4 patients (6-month follow-
up). (d) Decrease in McGill pain scores at 1 and 6months after treatment.+is parameter was analyzed only on patients who showed pain at
baseline. Box and whisker show quartiles, the band inside the box is the median, and the ends of the whiskers represent minimum and
maximum values. Wilcoxon signed rank test; ∗p � 0.042 (1-month follow-up) and ∗p � 0.05 (6-month follow-up); n � 6 patients (1-month
follow-up) and 4 patients (6-month follow-up)
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It is important to highlight that pain relief as well as
improvement in mouth opening, mandibular function, and
quality of life may also be a result of observed remission of
myofascial pain itself. As mentioned, masticatory muscles
and TMJ are structurally functionally related [2]. Moreover,
reduction on pain could be also attributed to a better
consciousness of mandibular function or to a placebo effect
as a consequence of being under of examination and
treatment for TMD. However, this hypothesis cannot be
tested or excluded at this time.

Only a few studies have used image analysis to evaluate
TMD treatment efficacy [18, 26]. In this work, image analysis
revealed positive effects of established therapeutics in shape
and function of hard and soft tissues of TMJ. VS improve-
ment of biomechanics and lubrication seems to stabilize disc
shape and avoid greater deformities, which is relevant for the
course of the disease [34]. Moreover, effusion signals were not
observed after treatment and our VS protocol showed

effectiveness in recovery of joint inflammation and OA de-
generative changes. VS beneficial effects such as reduction of
joint friction, improvement of rheological environment
[10, 11], and induction of endogen production of HA [12, 13]
may lead to anatomical rearrangement and can justify CBCT
and MRI tissue remodeling observed here.

Among studies that have shown efficacy of VS in TMD,
different methods have been described and, as a result, there
is an effort of researchers and clinicians to establish an
effective protocol for treatment of TMD, as already estab-
lished for other joints [7, 12, 24, 38].+e present study shows
a new protocol of four injections of low and medium MW
HA in TMJ with relevant clinical effectiveness on pain, jaw
range of motion, dysfunction degree, and quality of life.
Furthermore, it is important to emphasize that VS as a single
intra-articular treatment is less aggressive than other tech-
niques such as arthrocentesis [7, 24], associated or not with
VS, with safety and economic advantages.
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Figure 2: (a) Improvement on orofacial pain disability at 1 and 6 months after treatment. +is parameter was analyzed only on patients who
showed pain at baseline. Box and whisker show quartiles, the band inside the box is the median, and the ends of the whiskers represent minimum
and maximum values. Wilcoxon signed rank test; ∗p � 0.042 (1-month follow-up) and ∗p � 0.05 (6-month follow-up); n � 6 patients (1-month
follow-up) and 4 patients (6-month follow-up). (b) Improvement on mandibular function MFIQ at 6 months after treatment. Box and whisker
show quartiles, the band inside the box is the median, and the ends of the whiskers represent minimum and maximum values. Wilcoxon signed
rank test; p< 0.05 (1-month follow-up) and, ∗p � 0.038 (6-month follow-up); n � 10 patients (1-month follow-up) and 8 patients (6-month
follow-up). (c) Decrease of impact on quality of life (OHIP-49) at 1 and 6 months. Bars represent standard deviation (SD). Student’s t-test;
∗p � 0.029 (1-month follow-up) and ∗p � 0.035 (6-month follow-up); n � 10 patients (1-month follow-up) and 8 patients (6-month follow-up).
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+e use of HA of different MW in alternated monthly
injections is a new perspective of VS in TMD and allows
association of biomechanical properties of high MW AH
and biological effects of lower MWAH. Hence, this protocol

of treatment is able to promote fast and sustained effects, as
suggested by results.

+e literature describes different time intervals between
applications [24, 38]. We believe that 1-month interval may

TABLE 3: CBCT evaluation of osteoarthritis changes at baseline and at final (6 months) follow-up.

Patient

Osteoarthritis changes of TMJ (mm)
Sclerosis Erosion Osteophyte Flattening

Right joint Left joint Right joint Left joint Right joint Left joint Right
joint Left joint

2 Baseline 2.370 1.270 1.410 0.420 1.580 0.000 4.510 0.000
Final 1.020 1.220 0.410 0.290 1.040 0.000 3.130 0.000

3 Baseline 1.210 1.630 0.000 0.000 0.590 0.000 4.950 4.620
Final 1.060 0.870 0.000 0.000 0.510 0.000 2.220 2.160

4 Baseline 1.800 1.400 0.000 0.000 0.000 0.000 4.070 2.910
Final 1.280 1.100 0.000 0.000 0.000 0.000 2.000 2.470

5 Baseline 2.470 1.960 1.080 0.730 1.870 1.190 5.570 4.560
Final 1.550 1.950 0.850 0.350 1.300 0.850 2.520 2.220

6 Baseline 1.610 1.520 0.730 0.000 2.230 0.000 6.380 3.480
Final 1.560 1.030 0.420 0.000 1.110 0.000 2.410 3.190

7 Baseline 1.020 1.090 0.000 0.550 1.240 1.220 3.250 3.620
Final 0.920 0.770 0.000 0.190 1.030 0.770 1.650 3.300

8 Baseline 0.880 0.680 0.000 0.000 0.430 0.430 0.460 4.140
Final 0.690 1.630 0.000 0.000 0.000 0.410 2.220 4.110

Baseline

Mean or median 1.460 0.340 0.510 4.105
SD — 0.470 — —
25% 1.120 — 0.000 3.300
75% 1.750 — 1.230 4.600

Final

Mean or median 1.140 0.170 0.460 2.440
SD — 0.250 — —
25% 0.940 — 0.000 2.220
75% 1.550 — 0.980 3.170

P value Paired t-test 0.022∗
Wilcoxon test 0.041∗ 0.00∗ 0.027∗

Media and standard deviation (SD) are shown for erosion (parametric data). Median, 25th percentile (25%), and 75th percentile (75%) are shown for other
parameteres (nonparametric data); p values of 0.05 or less were considered significant.

Table 4: MRI evaluation of TMJ disc position and adhesion at baseline and at final (6 months) follow-up.

Patient
TMJ soft tissues evaluation

Right joint Left joint
Sagittal plane∗ Coronal plane∗ Adhesion Reduction Sagittal plane∗ Coronal plane∗ Adhesion Reduction

2 Baseline AI S No Yes A Lateral No Yes
Final AI S No Yes A S No Yes

3 Baseline S Medial Yes Yes S S No Yes
Final A S No Yes A S No Yes

4 Baseline A S No Yes AI S No No
Final A S No Yes S S No Yes

5 Baseline A S No No AI Lateral No No
Final A S No Yes A S No Yes

6 Baseline A Lateral No Yes A S No Yes
Final A S No Yes AI S No Yes

7 Baseline A S No Yes S S No Yes
Final S S No Yes S Lateral No Yes

8 Baseline A Lateral No Yes A S No Yes
Final A S No No A S No Yes

∗Position of disc posterior band to functional surface of the mandibular head in sagittal and coronal planes: S: superior; A: anterior; AI: anteroinferior. Two
patients did not attend final follow-up and 1 could not be submitted to CBCT or MRI because of pregnancy.
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allow HA acting inside joint for longer periods, which favor
the effects of the next injection and the treatment itself. In
addition, treatment cycle with monthly injections may be
more tolerated by patients and offer some economic benefits,
as it postpones a new cycle. Improvement of pain, man-
dibular function, and quality of life are in accordance to this
finding, and relief of TMD signs and symptoms offered by
VS may have restored local and systemic functions.

Although we show promising results regarding the de-
scribed protocol for TMJ VS, we are aware of the limitations
of this work. We believe its greater contribution may be the
description of a new perspective to be tested in a well-
controlled clinical trial in future research studies. Our small
number of patients and the study design as an open label
noncontrolled trial does not allow inference of VS positive
effects to all TMD patients. However, case series is a de-
scriptive work that illustrates novel features in clinical
practice, its sample represents common clinical population,
and generates new research questions [39]. Hence, this study
aimed at sharing a description of some well succeeded cases
of sequential VS in TMJ internal derangements. Moreover,
case series usually describes 5 to 7 cases [40], and our sample
is in accordance to this type of work, even with loss of 2
patients at final follow-up.

VS protocol shown here reduced pain and symptoms
associated with internal derangement of TMJ and improved
quality of life of TMD patients. Randomized clinical trials of
this treatment protocol should deserve attention in future
researches.
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(e aim of this retrospective study was to assess the frequency of orofacial (nonodontogenic, neuropathic, or atypical) and
temporomandibular joint (TMJ) and/or masticatory muscle pain in orthognathic patients in a tertiary institution. A total of 286
consecutive patients undergoing sagittal split osteotomy from 2014 to 2016 were included. (irty-nine (13.6%) patients presented
with TMJ pain and 10 (3.5%) with orofacial nonodontogenic pain before orthognathic surgery; 79.6% (39/49) of these patients had no
pain 1 year after surgery. Twenty-nine patients (12.2%) with no preoperative orofacial pain and 22 (9.3%) without preoperative TMJ
pain presented with pain 1 year after surgery. Fifty-one (17.8%) of the 286 patients treated for orthognathic cases at our center over
the 3-year period presented with pain 1 year after surgery. Most patients were managed conservatively with nonsurgical therapeutic
modalities including counseling, physical therapy, warmth application, and bilateral chewing and splint therapy. In patients with TMJ
pain refractory to conservative treatment, arthroscopic surgery was advised and successful in all patients for both pain reduction and
improvement of the maximal interincisal opening. TMJ symptoms do develop after orthognathic surgery in patients with and
without a previous history of TMJ complaints. Most patients can be managed with nonsurgical therapeutic modalities.

1. Introduction

Orthognathic surgery corrects dentofacial deformity and
a wide range of minor and major skeletal and dental irreg-
ularities. Severe malocclusions are associated with aesthetic
impairment, functional problems, and temporomandibular
joint (TMJ) and orofacial pain [1, 2]. Malocclusion puts
excessive strain on the TMJ and increases the risk of de-
veloping TMJ disorder, jaw stiffness, chronic headaches, and
impaired oral function [1, 2].

TMJ and muscle disorders (TMDs) are a group of con-
ditions that cause pain and dysfunction in the TMJ and the
muscles that control jaw movement [3]. (e most common
symptom is pain, particularly in the masticatory muscles
and/or TMJ. Other likely symptoms include radiating pain in
the face, jaw, or neck; jaw muscle stiffness; limited movement
or locking of the jaw; painful clicking, popping, or grating in
the TMJ when opening or closing the mouth; and a change in
the way the upper and lower teeth occlude [3]. In some cases
with major skeletal jaw discrepancies, orthodontic treatment

is indicated in conjunction with orthognathic surgery to
correct the occlusal relationship.

Orthognathic surgery may have a beneficial effect on TMJ
disorders and orofacial pain in subjects with preexisting signs
and symptoms [4]. However, the extensive bone and muscle
manipulation and various movements during surgery may
result in postoperative pain, especially in the TMJ. Positional
changes of the mandible, maxilla, or both jaws during
orthognathic surgery can affect the TMJ, masticatory mus-
culature, and surrounding soft tissue [5, 6].(e position of the
condyles in relation to the temporal bone can also be altered
during surgery. Furthermore, trauma (major or due to dental
procedures) can result in neuropathic pain [7]. Inferior al-
veolar nerve injury may occur during surgery and give rise to
unpleasant sensations (e.g., allodynia, dysesthesia, and par-
esthesia) and, in some patients, continuous aching in the
lower face (i.e., hyperalgesia and neuralgia) [8]. Known
orofacial pains include maxillary sinusitis after Le Fort I
osteotomies and infections or sensitivity due to the osteo-
synthesis material (plates and screws).
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(e influence of orthognathic surgery on the symptoms of
TMD has been widely debated in the literature and among
oral and maxillofacial surgeons, not only because of the
possibility of improvement through the correction of de-
formities but also because of the possibility of symptom
development. (e aim of this study was to assess the fre-
quency of orofacial (nonodontogenic, neuropathic, or atyp-
ical), myalgia, and TMJ pain in orthognathic patients at
a tertiary institution. Our hypothesis was as follows: ortho-
gnathic surgery may induce TMJ pain and myalgia in patients
without pain before treatment as well as orofacial pains.

2. Materials and Methods

2.1. Patients. Preoperative and follow-up data were collected
from the records of consecutive orthognathic surgical patients
between January 2014 and December 2016 with a minimum 1
year of follow-up after surgery. (e primary outcome measure
was the presence of self-reported nonodontogenic, neuro-
pathic, or atypical orofacial pain and or pain in the TMJ and/or
masticatory muscles (myalgia) before the surgery and during
follow-up. (ese self-reports were categorized by the assessor
as an absence of pain, the presence of orofacial nonodontogenic
pain, the presence of neuropathic or atypical orofacial pain, the
presence of masticatory muscle and/or TMJ pain, normal
sensation, and altered sensation (hypoesthesia, anesthesia, or
dysesthesia). (e diagnosis of pain and altered sensation was
based primarily on a questionnaire, visual analog scale (VAS)
pain score, history, and findings on physical examination [9].

(is retrospective study was approved by the Medical
Ethical Committee of Leuven University Hospitals under
number S57587.

2.2. Surgery. (e bilateral sagittal split osteotomy (BSSO)
surgical technique was described in detail elsewhere [10, 11].
All surgical procedures were done by the same surgical team.
(e main surgeon’s experience included more than 4000
orthognathic procedures spanning a period of over 25 years.
Only those orthognathic procedures were included in which
also a sagittal split osteotomy of the lower jaw was performed.
Orthognatic procedures in syndromic patients were excluded.

2.3. Pain Variables. Pain was assessed the same way in all
patients. General information about the pain complaint was
obtained using a pain questionnaire and complimentary
interview.(e questionnaire was designed to obtain as much
basic information about the pain as possible within the limits
of brevity, clarity, and self-administration. (is information
was completed during the interview. All patients were
interviewed before orthognathic surgery and during the
follow-up period by trained surgeons using a standardised
protocol.(e clinical pain assessment evaluated the presence
or absence of pain.(e subjective pain intensity present with
the jaw at rest was assessed using a VAS. Subsequently, an
increased pain response to voluntary opening and closing, as
well as to moving the jaw anteriorly and laterally, was
recorded. During subsequent assessments, joint tenderness
was scored as either absent or present. (e presence of

muscle tenderness was assessed during mouth opening and
closing and by digital palpation. Muscle tenderness was
scored as being either present or absent. (e presence or
absence of pain and altered sensation was also noted. All
patients with pain were managed postoperatively. Acute
pain was managed with analgesia, such as nonsteroidal anti-
inflammatory drugs (NSAIDs). Benzodiazepines were also
used to manage acute TMJ pain accompanied by limited
opening. Conservative modalities such as counseling,
physical therapy, warmth application, and bilateral chewing
and splint therapy were also applied. Osteosynthesis plate
removal was done in patients with pain secondary to
osteosynthesis plate. In patients with TMJ pain refractory to
conservative treatment, arthroscopic surgery was advised.

2.4. Data Collection. Information on patient age, gender,
presence or absence of pain, presence of altered sensation,
and type of surgery were recorded.

3. Results and Discussion

3.1. Results. (e study included a total of 286 patients (102
males, 184 females) aged 16–66 years (mean age 26.7± 12.3
years). During the 3-year study period, all patients who
presented at the maxillofacial unit of UZ LeuvenHospital for
orthognathic surgery were examined and followed up for
a minimum of 1 year after surgery. One hundred twenty-two
(42.66%) interventions required bimaxillary osteotomies,
and 164 (57.34%) required bilateral sagittal split osteotomies
(BSSOs). (ere was no report of altered sensation and
muscle tenderness in any of the patients preoperatively, but
36 patients presented with pain associated with TMJ (most
patients in this group complain of discomfort and some-
times pain when chewing or opening the mouth, while some
present with nonpainful sound when opening the mouth), 7
patients had orofacial nonodontogenic pain, and 3 patients
complained of both TMJ and orofacial nonodontogenic
pain. Preoperatively in most of the patients, the pain
complaint apart from mild discomfort has little effect on
their daily activity. (e pain was reported to be intermittent
in some patients, whereas others reported pain from time to
time; the recorded VAS score ranged from 1 to 3 in patients
with pain. (e number of patients complaining of orofacial
pain and TMJ pain decreased during follow-up (Table 1). Of
the 13.6% of patients presenting with TMJ pain and 3.5%

Table 1: Number of patients with orofacial and TMJ pain before
surgery and during the follow-up period (N� 286).

Type of pain Cases
Period (months)

0 3 6 12

Orofacial pain
Existing 10 2 2 2
New 0 30 29 29
Total 10 32 31 31

TMJ pain
Existing 39 14 13 8
New 0 26 28 22
Total 39 40 41 30

Patients without orofacial
and TMJ pain 237 214 214 225
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presenting with orofacial nonodontogenic pain before
orthognathic surgery, 79.6% (39/49) had no pain 1 year after
surgery. Approximately 80% (8/10) of the patients with
orofacial pain and 79.5% (31/39) of the patients with TMJ
pain before surgery were pain-free 1 year after surgery.

An overview of patients with pain (orofacial and TMJ)
before and during the follow-up period is presented in Figure 1.
Twenty-nine (12.2%) patients with no preoperative orofacial
pain and 22 (9.3%) without preoperative TMJ pain presented
with pain 1 year after surgery. Five of these patients (2.1%)
complained of both orofacial and TMJ pain (Table 1).

Fifty-one (17.8%) of the 286 orthognathic cases treated at
our center over the 3-year period presented with pain 1 year
after surgery; 3 (1.04%) were nerve related, 5 (1.75%) were
due to osteosynthesis plates, 23 (8.04%) atypical odontalgia,
and 30 (10.50%) were TMJ related. (ere are 28 patients
(20 female and 8 male) with new TMJ pain with an average

age of 30 years. (e common causes of nonodontogenic
orofacial pain in the patients are shown in Figure 2.

Pain was managed with medication such as nonsteroidal
anti-inflammatory drugs, conservative modalities such as physical
therapy, osteosynthesis plate removal, and arthroscopic surgery in
TMJ pain refractory to conservative treatment.

3.2. Discussion. Our findings are in agreement with those
reported by Dujoncquoy et al. [12] and Westermark et al.
[13], who showed that patients with preexisting TMJ
dysfunction undergoing orthognathic surgery are likely
to have significantly improved signs and symptoms of
TMJ dysfunction after surgery. Borstlap et al. also re-
ported the disappearance of signs and symptoms of TMJ
dysfunction in 56% of the 87 patients who had
preexisting signs and symptoms before surgery, whereas
22% of the 135 patients without preexisting symptoms of

Orof Orof TMJ TMJ TMJ TMJOrof
Pre-op

Orof
3 months 6 months 12 months Pre-op 3 months 6 months 12 months

10 2 2 2 39 14 13 8

0 30 29 29 0 26 28 22
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Figure 1: Overview of patients with pain before and during the follow-up period. Orof, orofacial; Pre-op, preoperative.
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Figure 2: Common causes of nonodontogenic orofacial pain (TMJ pain not included).
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TMJ dysfunction developed TMJ dysfunction [14, 15]. (e
80% improvement in TMJ symptoms observed in this study is
close to the 89.1% improvement observed by White and
Dolwick [16], but less than the improvement reported by
other authors (40–66%) [17–19]. (e observed differences in
the percentage of patients who improved after surgery can be
due to the type of patient population involved and the number
of cases included in the study, as a patient’s skeletal deformity
could have a direct impact on TMJ symptoms after surgery
[20, 21].

Orthognathic surgery in the lower jaw strains the condylar
area during surgical maneuvers in the ascending ramus. After
orthognathic surgery, most patients heal without symptoms or
signs at the TMJ, with a functional occlusion. However,
reproducing the original condylar position is difficult, and too
much pressure can be placed against the articular disc or an
unfavorable condylar position can be created during osteot-
omy, which can worsen any preexisting TMJ symptoms or
result in new ones [12]. Hu et al. [18] and White and Dolwick
[16] previously reported a new TMJ symptom rate of 8% and
8.1%, respectively, after orthognathic surgery, compared to the
8.9% of patients with new TMJ pain and 11.7% with orofacial
pain in the present study. (ough the causes of new TMJ
symptoms in patients without preoperative symptoms are not
known, one of the hypotheses proffered is the mechanical
overload exerted on both the condyle and disc during manual
repositioning of the ascending ramus in centric relation and
during osteosynthesis, which results in excessive compression
of the disc-condyle complex towards the posterior slope of the
fossa, or from excessive rotation or tilting of the condyle due to
bony interference between the proximal and distal bone
fragments in sagittal split osteotomies, and/or from com-
pression force elicited from osteosynthesis plates or screws.
(ese situations can potentially result in joint noise or pain
and can worsen any preexisting TMJ symptoms [12, 22–24].

TMJ pain can also be attributed to dysfunctional TMJ
remodeling, which can be induced by systemic and local ar-
thritis or trauma [20, 21](e average age of patients with TMJ
pain in this study was approximately 30 years, which is con-
sistent with the tendency of TMJ pain to be age-related, as it is
commonly found in young and middle-aged adults [25–27].

We observed that the majority of patients with the new
TMJ pain are women. Of the 28 new TMJ cases, 20 (71.4%)
were female, which could be related to the previous findings
by Aghabeigi et al. that women with an atypical psycho-
logical profile seem to be at increased risk of persistent
postoperative TMJ pain after orthognathic treatment and
open bite deformity [28].

Osteotomy has been known to induce changes in the
maxillary and mandibular teeth, buccal mucosa, palatal
mucosa, and facial skin sensation. (ough skin sensation
tends to recover over time, even after direct damage to the
sensory nerves, it may not completely recover to the pre-
surgical condition. Postoperative orofacial pain includes
a number of clinical problems involving the masticatory
muscles or TMJ, including muscle spasms in the head, neck,
and jaw and pain in the teeth, face, or jaw due to the ex-
tensive bone and muscle manipulation during orthognathic
surgery [29].

Neurological injuries during orthognathic surgery due to
an exposed nerve together with disruption of the bony
environment of the nerve may result in orofacial and/or
musculoskeletal pain [6, 30, 31].

Early diagnosis in conjunction with patient education is
central to the management of orofacial and TMJ pain. (e
first line management of TMJ pain consists of conservative
measures. Medications may be considered to manage the
symptoms associated with pain in conjunction with patient
education [6]. Medical management following the NICE
guidelines for neuropathic pain may also be implemented
[32]. All patients in the present study were managed con-
servatively with nonsurgical therapeutic modalities focusing
on patient education to encourage the development self-
management strategies [33]. Nonsurgical therapeutic mo-
dalities including counseling, physical therapy, warmth ap-
plication, and bilateral chewing were encouraged. Occlusal
splints were also used to alleviate TMJ symptoms [34].

Acute TMJ pain is managed effectively with simple anal-
gesia, such as nonsteroidal anti-inflammatory drugs (NSAIDs)
[35]. Benzodiazepines are also used to manage acute TMJ pain
accompanied by limited opening [36]. TCAs, such as ami-
triptyline or nortriptyline, may be effective in managing
chronic TMJ pain refractory to conservative measures [36].

In patients without preexisting TMJ complaints in whom
orthognathic surgery resulted in TMJ complaints refractory to
conservative treatment, arthroscopic surgery is advised, as it
seems to be successful in all patients for both pain reduction and
improvement of the maximal interincisal opening [37]. How-
ever, surgical interventions involving the TMJ should be avoided
in patients with chronic TMJ complaints without significant
functional impairment, as such interventions are unlikely to
yield benefits and may exacerbate their symptoms [34].

4. Conclusions

Approximately 80%of the patients with orofacial pain andTMJ
pain before orthognathic surgery were pain-free 1 year after
orthognathic surgery. While 12.2% of patients with no pre-
operative orofacial pain and 9.3% without preoperative TMJ
pain presented with pain 1 year after orthognathic surgery.
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Objective. To assess the therapeutic efficacy and safety of botulinum toxin type A (BTX-A) for treating idiopathic trigeminal
neuralgia (ITN) in patients ≥80 years old.Methods. Selected patients (n � 43) with ITN, recruited from the neurology clinic and
inpatient department of the Second Affiliated Hospital of Soochow University between August 2008 and February 2014, were
grouped by age, one subset (n � 14) ≥80 years old and another (n � 29) <60 years old. Each group scored similarly in degrees
of pain registered by the visual analogue scale (VAS). Dosing, efficacy, and safety of BTX-A injections were compared by
group. Results. Mean dosages of BTX-A were 91.3± 25.6U and 71.8± 33.1U in older and younger patients, respectively
(t � 1.930, p � 0.061). /e median of the VAS score in older patients at baseline (8.5) declined significantly at 1 month after
treatment (4.5) (p � 0.007), as did that of younger patients (8.0 and 5.0, resp.) (p � 0.001). /emedian of the D values of the VAS
scores did not differ significantly by group (older, 2.5; younger, 0; Z � −1.073, p � 0.283). Two patients in each group developed
minor transient side effects (p � 0.825). Adverse reactions in both groups were mild, resolving spontaneously within 3 weeks.
Conclusions. BTX-A is effective and safe in treating patients of advanced age (≥80 years old) with ITN, at dosages comparable to
those used in much younger counterparts (<60 years old).

1. Introduction

Trigeminal neuralgia (TN) is characterized by paroxysms of
intense, stabbing pain in the distribution of mandibular and
maxillary divisions (rarely, the ophthalmic division) of the
fifth cranial nerve. TN is one of the most common neuro-
logical pains involving the orofacial region, which generally
has the most intensive type of pain [1]. According to epi-
demiologic studies, approximately 4–28.9/100,000 persons
worldwide have experienced TN. It typically affects the el-
derly (1 in 25,000 of the population), with themost frequently
reported cause being neurovascular compression [2, 3]. /e
morbidity of idiopathic trigeminal neuralgia increases with
age, patients ≥80 years old account for a large proportion of
TN sufferers [4]. Usually, TN patients are first treated with
pharmacological agents [5]./e pain can be readily managed

with medication in approximately 80% of patients. /e first-
line treatment is carbamazepine, which can relieve most of
the observed symptoms. Other drugs, including oxcarbaze-
pine, phenytoin, baclofen, lamotrigine, gabapentin, and
sodium valproate, are also efficient in reducing the signs-
symptoms of TN in most patients. Many drugs used in the
treatment of TN are associated with several side effects, such
as dizziness, lethargy, lack of fatigue, nausea, vomiting,
occasional granulocyte reduction, reversible thrombocyto-
penia, and even induced aplastic anemia and toxic hepatitis.
Considering insufficient effect or unacceptable side effects of
pharmacological treatment, surgical treatment becomes an
option. Several surgical approaches used to relieve the pain
due to TN include neurectomy of the trigeminal nerve
branches outside the skull, percutaneous radiofrequency
thermal rhizotomy, percutaneous ablation that creates the
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trigeminal nerve or trigeminal ganglion lesions with heat,
percutaneous retrogasserian glycerol rhizotomy, injection of
glycerol into the trigeminal cistern, physical compression,
trigeminal ganglion balloon microcompression, alcohol in-
jections, botulinum toxin injection, cryotherapy, and gamma-
knife radiosurgery (GKRS). Some of the surgical procedures
may contribute to some complications [5], such as hearing
loss, facial paresthesia, hypoesthesia, masseter weakness
and paralysis, keratitis, transient paralysis of cranial nerves
III and VI including diminished corneal reflex, dysesthesia,
and anesthesia dolorosa, even an immediate complete loss
of vision in one eye after trigeminal radiofrequency rhizotomy
due to acute traumatic optic neuropathy.

In 2002, Micheli et al. first reported that BTX-A injection
can relieve TN [4], supported by subsequent positive reports
[6], and many studies have shown that botulinum toxin
type A (BTX-A) may be effective and safe as treatment of TN
[7–10]. /e common side effects of botulinum toxin treat-
ment on TN are dema/hematoma and facial asymmetry
which include the muscle relaxation, distortion of com-
missure, and the ptosis of the eyelids at the site of injection.
All these side effects were mild and automatically dis-
appeared without any further treatment. No systemic side
effects were observed [11, 12]. In February 2008, the U.S.
Food and Drug Administration notified the public that
Botox and Botox Cosmetic (botulinum toxin type A) and
Myobloc (botulinum toxin type B) have been linked in some
cases to adverse reactions, including respiratory failure and
death, following treatment of a variety of conditions using
a wide range of doses. /e adverse reactions appear to be
related to the spread of the toxin to areas distant from the
site of injection, and mimic symptoms of botulism, which
may include difficulty swallowing, weakness, and breathing
problems. So the general fragility and often coexistent
diseases of older patients imply perhaps greater suscepti-
bility to side effects and needed reduction of BTX-A dosage.
/is research objective was to assess the therapeutic efficacy
and safety of BTX-A in treating patients of advanced age
(≥80 years old) with idiopathic trigeminal neuralgia (ITN).

2. Materials and Methods

2.1. Subjects. Eligible patents were recruited between August
2008 and February 2014 from the neurology clinic and the
inpatient department of the Second Affiliated Hospital of
Soochow University and were approved by the hospital ethic
committee. Inclusion criteria were as follows: (i) diagnosis of
classic ITN, as stipulated in the current version of the In-
ternational Classification of Headache Disorders (ICHD-II);
(ii) no prior exposure to BTX-A treatment; and (iii) failure of
accepted medical and surgical interventions. Any conditions
potentially heightening the risk of patient exposure to
BTX-A (e.g., myasthenia gravis and motor neuron disease)
or lack of pertinent medical information were grounds for
exclusion.

2.2. General Information and Grouping. /e study choose
two groups of trigeminal neuralgia patients, one comprised

of patients ≥80 years old (n � 14) and another of patients
<60 years old (n � 29). At baseline (prior to treatment), the
median pain scores by the visual analogue scale (VAS) in
both older and younger patient groups were 8.5 and 8.0,
respectively, showing no significant difference (Z � −1.411,

p � 0.158). In the older patient group (male, 4; female, 10),
each patient suffered from hypertension, diabetes mellitus, and
cardiac insufficiency, and two displayed hepatic compromise.
/e age range was 80–90 years (average, 82.6± 2.9 years). In
the younger group of patients (male, 10; female, 19), one
suffered from hypertension. Ages ranged from 34 to 59 years
(average, 49.5± 6.3 years). Gender ratios of the two groups
were similar (p � 0.968), but the incidence of coexistent
diseases in the older (versus younger) age group was sig-
nificantly higher (p � 0.005) (Table 1).

2.3. Treatment. BTX-A (100U clostridium botulinum type
A neurotoxin complex, 5mg gelatin, 25mg dextran, and
25mg saccharose) was commercially procured (Lanzhou
Institute of Biological Products, Lanzhou, China) and di-
luted to 25U/mL for treatments, drawing 1-2mL from vials
for injection. Administration was guided by each patient’s
perceived pain and trigger zones, delivering BTX-A in-
tradermally and/or submucosally via 1mL syringe. /e total
dosages delivered varied, ranging from 30 to 200U.

2.4. Measures. Pain severity was assessed through patient
input (interview or telephone), using the visual analogue
scale (VAS). Patient examinations were conducted at
baseline and at 1 month after treatment, recording related
side effects.

3. Statistical Analysis

All analytics assumed an intent-to-treat basis, using two-
sided testing. If obeying normal distribution, data were
assessed using mean± SD. And between-group comparisons
were evaluated by means of t-test, comparing incidences via
the chi-square test. If not, data were assessed using median
values and the rank sum test was used. Standard software
(SPSS v17.0; SPSS Inc. (IBM), Chicago, IL, USA) was en-
gaged for statistical computations, setting significance at
p< 0.05.

4. Results

/e dosages of BTX-A were 45 to 150U in the older group
and 30 to 200U in the younger group. Mean BTX-A dosages
of 91.3± 25.6U and 71.8± 33.1U were administered in
older and younger patient groups, respectively (t � 1.930,

p � 0.061). Median VAS scores 1 month after treatment in
older (4.5) and in younger (4) patients were significantly
lower than corresponding baseline values; and D values of
VAS scores did not differ significantly by group (older, 2.5;
younger, 0; Z � −1.073, p � 0.283), reflecting similar group
therapeutic outcomes. Transient minor side effects de-
veloped in two older patients (whole-body discomfort in
one, mild left eye ptosis, and slight oral deviation/drooling in
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the other) and in two younger patients (mild facial paralysis
comes in one and moderate facial paralysis comes in the
other). /us, the incidences of side effects did not differ
significantly in these groups (p � 0.825), and all events
resolved spontaneously within 3 weeks (Tables 1 and 2).

5. Discussion

TN is further categorized as idiopathic (ITN) or secondary
type. ITN occurs in the absence of neurologic signs or or-
ganic lesions, whereas secondary TN is due to tumors,
multiple sclerosis, small infarcts, or angiomas arising in the
pons or medulla. In the patients of this study recruited,
secondary TN was excluded, given a lack of clinical
symptoms, physical evidence, and imaging abnormalities.

Although the mechanisms involved in TN remain un-
clear, there are three major hypotheses for its development
[13, 14]: (1) the trigeminal nerve compression, (2) irritative
lesions impacting the thalamic corticospinal nucleus of the
trigeminal nerve, and (3) short-circuiting of the trigeminal
nerve. Many treatments available for TN include medical
agents, nerve blocks, surgical interventions, and stereotactic
radiotherapy. Antiepileptic drugs, especially carbamazepine,
are still the first-line medical treatment, and long-term
antiepileptic medication is often required. However, the
risk of side effects, such as nausea, dizziness, dystaxia, he-
patic insufficiency, and leukopenia, increases with prolonged
use [15]. Microvascular decompression is the most widely
adopted surgical treatment worldwide, but the recurrence
rate is 20–30%, and a host of potential complications may
develop during and after surgery [16]. In light of current
evidence, it seems fair to argue for a safer, better tolerated,
and more efficacious treatment.

BTX-A is one of the most potent neurotoxins, whether
natural or synthetic. It prevents axonal release of acetyl-
choline (Ach), thus blocking neuromuscular transmission
and producing muscle relaxation. Common clinical uses
include blepharospasm, hemifacial spasm, dystonia, and

cosmetic imperfections [17]. BTX-A also readily blocks
cholinergic synapses in salivary and sweat glands and is
therefore useful in suppressing glandular hyperactivity. In
2002, Micheli et al. was the first to identify BTX-A as an
agent for TN relief [4]. Subsequent studies also have shown
the benefits of BTX-A in treatment of pain (including TN)
[18]. BTX-A offers an effective means of treating TN that is
increasingly gaining attention, rather than confronting the
side effects of medical or surgical treatments.

/e precise mechanism of action for BTX-A in pain
relief is not well defined but may be multifactorial. When
injected directly into contracting muscles, BTX-A binds to
presynaptic nerve terminals and becomes internalized,
preventing exocytosis of the neurotransmitter acetylcholine
(Ach) at neuromuscular junctions. BTX-A may also exert
peripheral neurovascular activity by inhibiting release of
various neurotransmitters, such as substance P, neurokinin
A, calcitonin gene related peptide (CGRP), and enteral
polypeptide [18]./ese transmitters act on blood vessels and
glutamate, relieving pain by inhibiting neurogenic in-
flammation and reducing afferent nerve impulses [19, 20].
What is more, BTX-A exerts an antinociceptive function,
directly modulating central sensitization by inhibiting ex-
cessive expression of TRPA1, TRPV1, and TRPV2 in the
spinal trigeminal nucleus [21, 22]. Finally, BTX-A or its
metabolite likely reduces sympathetic nerve transmissions to
curb suppression of Renshaw cells within inhibitory in-
termediate neurons, acting upon the spinal cord indirectly to
alleviate pain [23]. A new study has just revealed that the
antinociceptive effects of BTX-A are conferred by inhibiting
Nav1.7 upregulation in the trigeminal ganglion [24]. /us,
such effects are not confined to the neuromuscular junction,
acting as well on central nerve structures (i.e., trigeminal
ganglion, trigeminal nerve ridge nucleus, or spinal cord).
Further research is needed to explore the pathways by which
BTX-A relieves the pain of TN.

A recently published meta-analysis has concluded that
BTX-A may be an effective and safe treatment option for

Table 1: Comparison of patient parameters in older (≥80 years old) and younger (<60 years old) BTX-A therapeutic groups.

Clinical index Older group (n � 14) Younger group (n � 29) p value
Average age (years) 82.6± 2.9 49.5± 6.3 0.000
Gender (male/female) 4/10 10/19 0.968
Coexistent diseases (with/without) 6/8 1/28 0.005
/erapeutic doses (U) 91.3± 25.6 71.8± 33.1 0.061
D value of VAS (media, before and after treatment) 2.5 0 0.283
Side effect (total count) 2a 2b 0.825
aWhole-body discomfort in one; mild left eye ptosis and slight oral deviation/drooling in the other; bMild facial paralysis in one; moderate facial paralysis in
the other; BTX-A: botulinum toxin type A; VAS: visual analogue scale.

Table 2: Comparison of VAS scores in older (≥80 years old) and younger (<60 years old) BTX-A therapeutic groups.

VAS score before treatment (median) VAS score after treatment (median) Z p1 value
Older group (n � 14) 8.5 4.5 −2.680 0.007
Younger group (n � 29) 8.0 5.0 −3.360 0.001
Z −1.411 −0.040 — —
p2 value 0.158 0.968 — —

p1: comparison of VAS scores between before treatment and after treatment; p2: comparison of VAS scores between older group and younger group.
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patients with TN, yielding on average a 29.8% reduction in
paroxysms per day [11]. In our preliminary study, it was
found that pain relief peaked 1 month after local injection of
BTX-A [10]. Hence, this study established a 1-month
monitoring interval. In this study, VAS scores were per-
formed again in patients with primary trigeminal neuralgia
after injection of BTX-A for 1 month. /e study found VAS
scores had significantly lowered than those before treatment
in both groups, and this suggested that BTX-A was effective
for both younger and elderly. Meanwhile, the D values of
VAS scores did not differ significantly between the two
groups, indicating the similar curative effect for both groups.

In addition to the volumes of injected BTX-A, routes of
injection, injection frequencies, and injection sites have
varied among studies. As little as 25U of BTX-A was ad-
ministered according to Zhang et al. [7], compared with
a maximum of 100U given by Shehata et al. [9]. Generally,
BTX-A is delivered via subcutaneous or intradermal route
[11]. In patients of advanced age, heart disease and com-
promised respiratory function often coexisted, but the need
for reduced dosages of BTX in older patients or their vul-
nerability to its side effects has not been addressed. /e
injection sites selected in this study were perceived pain
and trigger zones. /e injection dosage was determined
according to the range of pain, and a multipoint injection
method was adopted. In this study, the volumes of injected
BTX-A ranged from 30 to 200U, delivered through in-
tradermal and/or submucosal routes. /e dosage of BTX-A
is 45 to 150U in the older group and 30 to 200U in the
younger group. /ough the mean BTX-A dosages of the
older group was little higher than those of the younger
group, no significant between-group difference in BTX-A
dosage materialized, and the corresponding incidences of
side effects did not differ significantly. Two groups improved
pain fairly, prompts that both small dose and large dose may
have obvious curative effects. /is finding is consistent with
the conclusion of Zhang et al. [7], which suggested that BTX-
A injection in TN was safe and efficient, and low dose (25U)
and high dose (75U) were similar in efficacy in short term.

In terms of safety, the two reported side effects of BTX-A
injection have been facial asymmetry and injection-site
edema/hematoma, both of which prove tolerable and
transitory in nature [11]. In total, occurrences of facial
asymmetry and edema/hematoma following BTX-A in-
jection have ranged from 2 to 5% and 1-2%, respectively.
Facial asymmetry typically requires 5–7 weeks for resolu-
tion, whereas edema/hematoma persists for just 5-6 days.
Rates of coexistent diseases, in this study, such as hyper-
tension, diabetes mellitus, renal insufficiency, and cardiac
insufficiency, were significantly higher in the older patient
group by comparison, but as in the younger group, only two
patients developed transient minor side effects (i.e., whole-
body discomfort, mild ptosis, and oral deviation/drooling).
All resolved within 3 weeks and without serious adverse
reactions. Consequently, in extremely older patients afflicted
with various medical conditions dose reductions seem un-
warranted. Of course, it also seemed that the dosages of
BTX-A in advanced age patients with side effects were 100U
and 150U and in the younger patients were 30U and 75U.

It seemed that the more the dosage in the older group, the
greater the likelihood of side effects is. /erefore, it is
suggested that it should be more carefully followed to see
whether the patients have side effects after the treatment of
elderly patients using a large dose of BTX-A.

Overall, BTX-A is an effective and safe treatment for ITN
in patients of advanced age (≥80 years old), at dosages
similar to those used in much younger counterparts (<60
years old). However, this study was limited to 14 older
subjects, with no placebo group as reference, calling formore
extensive randomized controlled trials.
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Orofacial myofascial pain is prevalent and most often results from entrapment of branches of the trigeminal nerves. It is
challenging to inject branches of the trigeminal nerve, a large portion of which are shielded by the facial bones. Bony landmarks of
the cranium serve as important guides for palpation-guided injections and can be delineated using ultrasound. Ultrasound also
provides real-time images of the adjacent muscles and accompanying arteries and can be used to guide the needle to the target
region. Most importantly, ultrasound guidance significantly reduces the risk of collateral injury to vital neurovascular structures.
In this review, we aimed to summarize the regional anatomy and ultrasound-guided injection techniques for the trigeminal nerve
and its branches, including the supraorbital, infraorbital, mental, auriculotemporal, maxillary, and mandibular nerves.

1. Introduction

A common cause of chronic facial pain syndrome is trigeminal
neuralgia, which can be alleviated by injecting the superficial
branches of the nerve, such as the supraorbital, infraorbital,
andmental nerves, and deep injection of themaxillary nerve in
the pterygopalatine fossa and/or the mandibular nerve pos-
terior to the lateral pterygoid plate [1]. Isolated entrapment of
the abovementioned nerves is not rare, but treatments using
palpation guidance can be challenging because substantial
portions of the nerves lie underneath the skull bone.,e use of
high-resolution ultrasound facilitates real-time visualization of
peripheral nerves and adjacent soft tissue structures, such as
tendons, ligaments, muscles, vessels, and subcutaneous fat [2].
Ultrasound-guided intervention allows precise targeting of the
affected nerves without collateral damage to the nearby vessels
and prevents accidental nerve injury, vascular thrombosis, and
postinjection hematoma [3–6]. In this review, we aimed to

summarize the regional anatomy and ultrasound-guided in-
jection techniques for the commonly affected branches of the
trigeminal nerve, including the supraorbital, infraorbital,
mental, auriculotemporal, maxillary, and mandibular nerves.

2. Technical Considerations and
Regimen for Treatments

All of the sonographic images presented in this review were
obtained using MyLab 5 (Esaote Europe B.V., Maastricht,
Netherlands). A 10–18MHz high-frequency linear transducer
was used to scan superficial structures. To image deeper struc-
tures, such as the lateral pterygoid muscle and plate, a 1–5MHz
curvilinear transducer was used. During the power Doppler
examination, the Doppler frequency was set to 6.6MHz.

To perform the superficial nerve block, 1 to 3ml of local
anesthetic, for example, 0.5% lidocaine, can be injected using
a 25-gauge 1.5-inch needle. For deeper nerve blocks, 3 to 5ml
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of the anesthetic can be injected using a 22-gauge 3-inch spinal
needle. Potential complications include bleeding, hematoma,
infection, and hypersensitivity reaction to the injectate. For
longer pain relief, the deep injection can be performed using
glycerol (100%), alcohol (50–70%), or phenol (5–10%). Because
of the serious complications of the abovementioned neurolytic
agents, such as permanent sensory deficit, severe allergic re-
actions, and tissue necrosis, they are gradually replaced by safer
and more effective treatments like radiofrequency or cryoa-
blation which may be considered for recalcitrant cases [7, 8].

3. Supraorbital Nerve

3.1. Anatomy. ,e frontal nerve is a branch of the ophthalmic
division of the trigeminal nerve. It has two terminal branches:
the larger supraorbital and smaller supratrochlear nerves.
,e supraorbital nerve emerges from the facial bone through the
supraorbital notch which lies within the medial one-third of the
supraorbital margin, 2 to 3 cm lateral to the midline (Figure 1(a)
and Table 1). According to a cadaveric study, bilateral supra-
orbital notches were present in 49.07% of skulls, bilateral su-
praorbital foramina were found in 25.93% of skulls, and a notch
at one side and a foramen at the contralateral side were seen in
25% of skulls [9]. ,e supraorbital nerve carries sensory in-
formation from the upper eyelid, forehead, and the anterior half
of the scalp, except for the area innervated by the supratrochlear
nerve, which is close to the midline [10].

3.2. Clinical Symptoms of Nerve Entrapment. Patients with
supraorbital neuralgia presentwith pain, tenderness, hypoesthesia,

and allodynia in the territory supplied by the affected nerve.
Fractures of the orbital roof, blunt trauma to the face (in
boxers), tumors of the orbit, and tight swimming goggles and
motorcycle helmet can cause supraorbital nerve entrapment.
Imaging studies using computed tomography or magnetic res-
onance imaging can be used to diagnose fractures and space-
occupying lesions (Figure 2(a)) [4, 11].

3.3. Sonoanatomy and Ultrasound-Guided Injection Technique.
During this procedure, the participant lies supine with the head
in the neutral position. ,e eye on the side of examination
should be closed to prevent the coupling gel from being
smeared into the eye. ,e transducer is placed over the medial
one-third of the supraorbital margin (Figure 3(a)). ,e su-
praorbital notch can be identified as an interruption of the
hyperechoic bony edge, where the supraorbital nerve and
vessels exit (Figure 3(b)). For guided injection, the needle is
introduced from the lateral side toward the midline using the
in-plane approach to target the supraorbital nerve (Figure 3(c)
and Table 1). Turning on the power Doppler mode helps with
recognition of the supraorbital vessels (Figure 3(d)).,e lateral
edge of the transducer can be slightly lifted up to create an
opening for advancement of the needle. More sterilized jelly is
required to fill the space as a gel bridge (the heel-toemaneuver).

4. Infraorbital Nerve

4.1. Anatomy. ,e infraorbital nerve is the terminal branch
of the maxillary division of the trigeminal nerve and carries
sensory information from the lower eyelid, one side of the

(a) (b)

Figure 1: Anatomy of the supraorbital notch, infraorbital foramen, and mental foramen with corresponding neurovascular structures and the
course of the auriculotemporal nerve: (a) 1� supraorbital notch containing the supraorbital nerve and vessels; 2� infraorbital foramen
containing the infraorbital nerve and vessels; 3�mental foramen containing the mental nerve and vessels; 4� corrugator supercilii muscle,
which is superficial to the supraorbital notch; 5� levator labii superioris muscle, which is superficial to the infraorbital foramen; 6� depressor
labii inferioris muscle, which is superficial to the mental foramen, and (b) 7� auriculotemporal nerve; 8� temporalis muscle; P� parotid gland.
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(a) (b) (c)

(d) (e)

Figure 2: Topography of the sensory distribution of the (a) supraorbital nerve, (b) infraorbital nerve, (c) mental nerve, (d) auriculotemporal
nerve, and (e) deep branches of the trigeminal nerve; 1� area supplied by the maxillary nerve and 2� area supplied by the mandibular nerve.

(a) (b)

(c) (d)

Figure 3: Sonoanatomy and ultrasound-guided injection technique for the supraorbital nerve: (a) the position of the transducer (yellow
rectangle), (b) ultrasound imaging of the supraorbital nerve emerging from the supraorbital notch, (c) introducing the needle in the lateral-
to-medial direction using the in-plane approach to target the supraorbital nerve, and (d) power Doppler image of the supraorbital vessels.
,e asterisk (∗) denotes the supraorbital notch on the face. ,e empty white arrows denote the supraorbital margin. ,e solid white arrow
denotes the supraorbital nerve. ,e yellow dashed arrow denotes the needle trajectory. CSM: corrugator supercilii muscle and M: medial
side. All the pictures were obtained from the face of the first author.
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nose, and the upper lip. It emerges from the infraorbital
foramen, extends to the subcutaneous layer, and is ac-
companied by the infraorbital vessels deep to the levator labii
superioris muscle and malar fat. ,e infraorbital foramen
lies on the anterior aspect of the maxilla bone and is ap-
proximately 1 cm below the midpoint of the infraorbital
margin (Figure 1(a) and Table 1) [10].

4.2. Clinical Symptoms ofNerve Entrapment. ,e patient may
complain of pain, tingling, tenderness, and allodynia in the
lower eyelid, one half of the nose, and the upper lip. ,ese
symptoms may occur due to fractures of the orbital floor,
malignancies of the orbit and maxilla, or blunt trauma (in
boxers) which can entrap the nerve. Imaging studies using
computed tomography or magnetic resonance imaging should
be performed when fractures or hidden malignancies are sus-
pected (Figure 2(b)) [6, 12].

4.3. SonoanatomyandUltrasound-Guided InjectionTechnique.
During the procedure, the participant lies supine with the
head in the neutral position.,e transducer is placed over the
body of the maxilla parallel to and 1 cm below the infraorbital
margin (Figure 4(a)). ,e infraorbital foramen can be seen as
an opening on the maxillary bone through which the
infraorbital nerve and vessels emerge (Figure 4(b)). ,e
needle is introduced from the lateral side toward the midline

using the in-plane approach to target the infraorbital nerve in
the infraorbital foramen (Figure 4(c)). ,e power Doppler
mode should be turned on before injection to avoid damaging
to the infraorbital vessels (Figure 4(d)).

5. Mental Nerve

5.1. Anatomy. ,e mental nerve is one of two terminal
branches of the inferior alveolar nerve, which is rooted in the
mandibular division of the trigeminal nerve. It supplies the
skin of the chin, as well as the skin and mucous membranes
of the lower lip. It emerges to the subcutaneous layer of the
face through the mental foramen which lies deep to the
depressor labii inferioris muscle. ,e foramen lies 3 cm
lateral to the midline and 1 cm above the lower border of the
mandible between the first and second premolar teeth
(Figure 1(a) and Table 1) [13].

5.2. Clinical Symptoms of Nerve Entrapment. Patients usually
have pain and paresthesia on the skin of the chin, as well as the
skin and mucous membrane of the lower lip. ,e nerve can be
entrapped due to fractures of themandible, blunt trauma to the
face (in boxers), dental pathologies, or malignancies of the oral
cavity. ,e computed tomography and magnetic resonance
imaging may be required for confirmation of the diagnosis of
the underlying cause of entrapment (Figure 2(c)) [3].

(a) (b)

(c) (d)

Figure 4: Sonoanatomy and ultrasound-guided injection technique for the infraorbital nerve: (a) the transducer position (yellow rectangle),
(b) ultrasound image of the infraorbital nerve (white solid arrow) from the infraorbital foramen, (c) introducing the needle in the lateral-to-
medial direction using the in-plane approach to target the infraorbital nerve, and (d) power Doppler image of the infraorbital vessels. ,e
asterisk (∗) denotes the infraorbital foramen on the face. ,e empty white arrows denote the bony cortex of the maxilla. ,e yellow dashed
arrow denotes the needle trajectory. LLSM: levator labii superioris muscle; ZM: zygomaticus minor muscle; MF: malar fat; M: medial side.
All the pictures were obtained from the face of the first author.
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5.3. Sonoanatomy and Ultrasound-Guided Injection
Technique. During the procedure, the participant lies supine
with the head in the neutral position. ,e transducer is
placed over a point located 3 cm lateral to the midline and
1 cm above and parallel to the lower border of the mandible
(between the first and second premolar teeth) (Figures 5(a)
and 5(b)). We can identify the mental nerve emerging from
the mental foramen based on the accompanying vessel.
Using the in-plane approach, the needle can be introduced
from the lateral side toward the midline to target the nerve
inside the mental foramen (Figures 5(c) and 5(d); Table 1).

6. Auriculotemporal Nerve

6.1.Anatomy. ,e auriculotemporal nerve is a branch of the
mandibular division of the trigeminal nerve. It runs deep to
the condylar process. ,e nerve courses posterior to the
condylar process, pierces the parotid gland, and surfaces at

the facial soft tissue. ,e nerve crosses over the hind part of
the zygomatic arch posterior to the superficial temporal
artery (Figure 1(b) and Table 1). It carries sensations from
the tragus and anterior part of the ear and the posterior part
of the skin over the temporalis muscle [14].

6.2. Clinical Symptoms of Nerve Entrapment. Patients have
unilateral lancinating pain in the tragus and anterior part of
the ear, as well as in the posterior part of the temporal bone
(Figure 2(d)). Symptoms can be triggered by applying pressure
to the area in front of the tragus. Entrapment of the nerve can
occur due to tightness of the lateral pterygoidmuscle secondary
to temporomandibular joint dysfunction [5].

6.3. Sonoanatomy and Ultrasound-Guided Injection
Technique. In this procedure, the participant lies on his or her
side with the affected side of the face facing upward. ,e

(a) (b)

(c) (d)

Figure 5: Sonoanatomy and ultrasound-guided injection technique for the mental nerve: (a) the transducer position (yellow rectangle),
(b) ultrasound imaging of the mental nerve (white solid arrow), (c) introducing the needle from the lateral side toward the midline using the
in-plane approach to target the mental nerve, and (d) power Doppler image used to identify the mental vessels. ,e empty white arrows
denote the body of the mandible. ,e asterisk (∗) denotes the mental foramen on the face. ,e yellow dashed arrow denotes the needle
trajectory. DLIM: depressor labii inferioris muscle; DAOM: depressor anguli oris muscle; JF: jowl fat; M: medial side. All the pictures were
obtained from the face of the first author.
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transducer is placed over and parallel to the posterior part of
the zygomatic arch just above the level of the tragus (Figure 6(a)
and Table 1). ,e auriculotemporal nerve is seen posterior
to the superficial temporal artery. ,e needle is introduced
in the posterior-to-anterior direction using the in-plane ap-
proach to target the short axis of the auriculotemporal nerve
(Figures 6(b)–6(d)).

7. Maxillary and Mandibular Nerves

7.1. Anatomy. ,e Gasserian ganglion of the trigeminal nerve
has 3 branches, namely, the ophthalmic and maxillary nerves,

and the sensory root of the mandibular nerve. ,e maxillary
nerve runs through the dura of the lateral wall of the cavernous
sinus. It then passes through the foramen rotundum, exits the
skull, and enters the pterygopalatine fossa. ,e maxillary nerve
leaves the pterygopalatine fossa through the infraorbital fissure
and becomes the infraorbital nerve in the orbital cavity (Figure 7).
It carries sensations from the lower eyelid, cheek, nose, upper
lip, upper teeth and gums, palate, roof of the pharynx, and the
maxillary, sphenoid, and ethmoid sinuses and meninges [15].
,e mandibular nerve leaves the middle cranial fossa through
the foramen ovale and descends posterior to the lateral
pterygoid plate (Figure 7) between the lateral and the medial
pterygoid muscles. It provides motor innervation to the
mylohyoid, tensor tympani, and tensor veli palatini muscles.
It also carries sensory information from the anterior two-
thirds of the tongue, teeth, and mucosa, as well as the
periosteum of themandible and skin of the chin and lower lip.
,e mandibular nerve also carries sensory information from
the skin over the mandible, except for that over the man-
dibular angle, the tragus and anterior part of the ear, and the
skin over the posterior part of the temporalis muscle up to the
scalp [16].

7.2. Clinical Symptoms of Nerve Entrapment. Trigeminal
neuralgia is usually unilateral sharp, stabbing, or burning
pain that typically radiates to the area innervated by one or
more divisions of the trigeminal nerve (Figure 2(e)). Pain

(a) (b)

(c) (d)

Figure 6: Sonoanatomy and ultrasound-guided injection technique for the auriculotemporal nerve: (a) the transducer position (yellow
rectangle), (b) ultrasound imaging of the auriculotemporal nerve (white solid arrow), (c) introducing the needle in the posterior-to-anterior
direction using the in-plane approach to target the auriculotemporal nerve, and (d) the power Doppler image of the superficial temporal
artery.,e empty white arrows denote the zygomatic arch.,e yellow dashed arrow indicates the needle trajectory. MCFC: middle cheek fat
compartment and LTCF: lateral temporal cheek fat. All the pictures were obtained from the face of the first author.

Foramen ovale

Maxillary nerve

Mandibular nerve

Lateral
pterygoid plate

Pterygopalatine
fossa

Figure 7: Anatomy of the maxillary and mandibular nerves related
to the lateral pterygoid plate.
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can be triggered by irritation of the innervated skin or by
activities such as eating, talking, washing the face, or
cleaning the teeth. Between paroxysms, the patient is
mostly asymptomatic. Imaging studies using magnetic
resonance imaging and computed tomography are helpful
in identifying causes, such as compression by the vessels
adjacent to the nerve, mass lesions, or fractures of the
skull bone [17].

7.3. SonoanatomyandUltrasound-Guided InjectionTechnique.
During this procedure, the participant lies on his or her side
with the affected side facing upward. Since the nerve is
deeply situated, the use of a curvilinear transducer is pre-
ferred. ,e transducer is placed distal and parallel to the
zygomatic arch to bridge the coronoid and condylar pro-
cesses. ,e lateral pterygoid muscle can be seen originating
from the condylar process and attaching to the lateral
pterygoid plate. ,e power or color Doppler mode can be
turned on to identify the sphenoid palatine artery, which is
a branch of the maxillary artery, flowing to the pterygoid
palatine fossa. ,e needle is introduced using an out-of-
plane approach to target the pterygopalatine fossa (the area
anterior to the lateral pterygoid plate) (Figures 8(a)–8(c);
Table 1) [18, 19]. For the mandibular nerve block, the
needle is introduced in the anterior-to-posterior direction
to target the area posterior to the lateral pterygoid plate
and between the medial and lateral pterygoid muscles
(Figures 8(b) and 8(c)). Electrostimulation can be used to
confirm the needle position for the deep block of the
mandibular nerve. ,e technique of electrostimulation
requires a 22G, 10 cm insulated short beveled needle with
a guard piece at 6 cm connected to a peripheral nerve
simulator. ,e needle is inserted posterior to the lateral
pterygoid plate under ultrasound guidance. ,e ground
electrode should be placed on the anterior border of the
ipsilateral masseter.,e initial stimulating current should be
set at 1.3mA, with a frequency of 2Hz. A motor response
from the temporalis and masseter muscles results in a jaw
jerk, and then, the current should be reduced to a threshold
of 0.6mA [20].

8. Conclusion

Using high-resolution ultrasound, pain interventionists can
easily target the superficial branches of the trigeminal nerve
and its deep branches by recognizing the adjacent muscular
and bony structures. Most importantly, since the facial area
is hypervascular, power Doppler imaging should be rou-
tinely turned on before intervention to avoid collateral in-
jury to surrounding vessels. Accordingly, ultrasound-guided
interventions for trigeminal neuralgia provide a safe effective
solution for patients who are not responsive to or cannot
tolerate oral medications and who are not appropriate
candidates for surgery.
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(a)

(b)

(c)

Figure 8: Ultrasound-guided injection technique for the maxillary and
mandibular nerves: (a) the transducer position and requiredplacement for
the maxillary nerve, (b) the transducer position and required placement
for the mandibular nerve, and (c) color Doppler image during mouth
opening. ,e yellow dashed arrow represents the needle trajectory for
injection of themaxillary nerve, while the red dashed arrow represents the
needle trajectory for injection of the mandibular nerve. ,e empty white
circle denotes the pterygopalatine fossa. COP: condylar process;DM: deep
masseter; LPM: lateral pterygoidmuscle; LPP: lateral pterygoid plate; TM:
temporalismuscle; SM: superficialmasseter; SA: sphenopalatine artery.All
the pictures were obtained from the face of the first author.
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