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Abstract: The aim of the study is to evaluate the effectiveness of two complementary mandibular
repositioning splints (SVED and MORA) designed after a preliminary patients” posture-stabilometric
evaluation in treatment for temporomandibular myofascial pain (TMP) using the Pain-Intensity
Numeric Rating Scale (PI-NRS) assessment. Eighty-six consecutive sportive non-agonistic subjects
with TMP were randomly divided in two groups. Forty-two wear mandibular repositioning splints
designed by a posture-stabilometric evaluation, thus constituting the test group. The other 44 subjects
were not subjected to any treatment, thus represented the control group. To record pain intensity,
subjects in both groups were asked to fill in a PI-NRS which ranged from 0 (no pain) to 10 (worst
imaginable pain). In the test group, PI-NRS was assessed three times: before starting therapy (t0),
after 4 months (t1) and after 8 months (t2) of treatment. Instead, in the control group PI-NRS was
recorded during the first visit (t0) and after 8 months (t2). The Friedman test showed a statistically
significant decrease in PI-NRS mean scores after 4 (t1) and 8 (t2) months from the start of the
gnathological therapy with mandibular repositioning splints, (p < 0.001) in test group. There is
enough evidence to assess that occlusal splint therapy for mandibular repositioning (MORA and
SVED) designed through a posture-stabilometric evaluation could be considered in the treatment of
temporomandibular myofascial pain.

Keywords: temporomandibular disorders; occlusal therapy; posture; myofascial pain; personal-

ized medicine

1. Introduction

Temporomandibular disorders (TMDs) are a group of neuromuscular and musculo-
skeletal functional disorders of the masticatory system which include the masticatory
musculature, the temporomandibular joints (TMJs) and the associated structures [1]. TMDs
are highly prevalent, and they represent the second most common cause of orofacial
pain [2], although surveys assessed a lack of knowledge among dentists on their symp-
toms and treatments [3,4]. One of the most common TMDs’ clinical manifestations is
temporomandibular myofascial pain (TMP) [5], which causes pain in orofacial region, and
consequently disability and deterioration of quality of life. This is a highly significant health
problem and about 85% of the general population experience at least one episode during
their lifetime, while the estimated overall prevalence is ~46% [6]. Myofascial pain is a
collection of sensory, motor, and autonomic symptoms that include local and referred pain,
decreased range of motion, and weakness; and its main cause is believed to be attributable
to myofascial trigger points (MTrPs) [7,8]. Indeed, for many clinicians and researchers,
one or more MTrPs is necessary to ensure the diagnosis of myofascial pain. MTrPs are
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hypersensitive, palpable areas, made of several contracted motor unities, located in a taut
skeletal muscle band [9]. Regarding the orofacial region, MTrPs could be frequently ob-
served in masticatory muscles (i.e., temporal, masseter, lateral pterygoid, medial pterygoid)
and neck muscle (i.e., sternocleidomastoid muscle). Investigations about myogenous and
internal disorders of TM] could be developed using the Research Diagnostic Criteria for
Temporomandibular Disorders (DC/TMD) to allow standardization and replication of the
research on TMDs [10].

Several therapeutic approaches have been proposed to treat temporomandibular MP.
Pharmacological treatment, psychological support, physiotherapy, and occlusal therapy
are commonly used alone or in association to treat temporomandibular MP [11-13]. Non-
invasive approaches such as occlusal splints are the most commonly used because of their
safety and convenience [14]. Splints are removable appliances, usually made of acrylic
polymer with steel clasps or linkages that fit over the teeth of either the mandible or
the maxilla. Several designs and treatment protocols using occlusal splints have been
described in the literature [15]; nevertheless, a low number of randomized controlled
trials is available [16] and a valid evidence-based treatment strategy is still debated [16].
The aim of the occlusal splint therapy is to obtain a repositioning of the jaw able to
improve muscular comfort and an enhancement in the articular disk relationship with
the mandibular condyle [17]. Some studies suggest an occlusal therapy where the jaw
is pushed into a more forward position [18], but it should be ideally reoriented in the
position which ensures the best comfort for the masticatory muscles and TM]Js, as well as
the best postural assessment of the whole body. The hypothesis is that an occlusal splint
should be personalized on the body postural balance and at the same time able to guide the
mandible in a spatial position ensuring both orofacial muscle pain reduction and overall
body postural comfort. The relation between body posture and dental occlusion is still
debated in the literature [19]. Nevertheless, postural differences between subjects with
TMDs and healthy subjects have been observed [20].

The effectiveness of these personalized splint therapy can be assessed by observing
changes in self-reported chronic pain intensity [17] through a pain intensity numeric rating
scale (PI-NRS) [21].

The aim of this study was to evaluate the effectiveness of two complementary mandibu-
lar repositioning splints designed after a posture-stabilometric evaluation, thus obtaining
a personalized jaw-repositioning splint that could promote temporomandibular myofas-
cial pain reduction in head and neck districts according to PI-NRS during an 8-month
follow-up.

2. Materials and Methods
2.1. Patient Selection

The sample of this study consisted of 102 consecutive gnathological subjects (23 men/
79 women) aged between 16 and 77 years (44.4 £ 6.9 years on the average) who had
been referred to the Department of Innovative Technologies in Medicine and Dentistry,
University of Chieti-Pescara, Chieti, Italy, for diagnosis and treatment of TMD-related
facial pain during the time interval from February 2017 to February 2020. The study was
conducted in observance of the Helsinki Declaration (revised version of Tokyo in 2004) and
Good Clinical Practice Guidelines. All patients were informed about the purpose of the
study and were required to give written, informed consent before enrolment.

The following inclusion criteria were used for the enrolment: (i) patients with clinical
features fulfilling the DC/TMD [10] of local myalgia, myofascial pain with spreading and
myofascial pain with referral; (ii) absence of long-term illnesses that may affect TM]Js or
the masticatory muscles (i.e., rheumatoid arthritis); (iii) absence of previous treatment
for TMD; (iv) no vestibular apparatus alteration or history of vertigo caused by central
nervous disease; (v) absence of neuropathic pain, generalized pain (e.g., fibromyalgia),
neurovascular headache (e.g., cluster headache or migraine), or any psychiatric disorder.
Moreover, the participants did not undergo any dental restoration during the whole period
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of the study, hence preventing any alteration of occlusal surfaces of the teeth. All patients
underwent a clinical gnathological visit to assess the DC/TMD [10]. After collecting a
complete medical and dental patient history including a description of the pain in head
and neck area (type, frequency, and intensity), a clinical evaluation was performed. The
visit included maximum comfortable jaw opening measurement, assessment of clicking,
tenderness at rest and during jaw eccentric movements, deviation during opening and
closing mouth movements. Tenderness of the extraoral and intraoral masticatory muscles
and neck muscles was evaluated by manual palpation. Eighty-sixsubjects (15 men and
71 women) of the initially 102 fulfilled our inclusion criteria and were randomly divided in
two groups: 42 (10 men and 32 women) constituted the test group wearing mandibular
repositioning splints, while the other 44 (5 men and 39 women) constituted the non-
treatment control group.

2.2. Mandibular Repositioning Waxes Registration

One week after the first visit, in the test group, three hard waxes for mandibular
repositioning were recorded by the same expert doctor (M.D.). Patients were guided to
bite a wax construction bite made up of two external layers of hard pink wax (Beauty Pink,
Miltex, York, Commonwealth of Pennsylvania, USA) covering three layers of soft pink
wax (Tenatex Red, Kemdent, Swindon, UK) (Figure 1). The wax construction bite was
positioned just behind the superior cusps and then the jaw was guided to bite on it.

(b)

Figure 1. Wax registration for mandibular repositioning. (a) Lower side; (b) Upper side.

Three waxes registrations were performed: (i) the first wax advancing the jaw and
aligning maxillary and mandibular labial frenula; (ii) the second one advancing the jaw
without aligning labial frenula (this wax was registered only if a labial frenula discrepancy
was present); (iii) the last one in a minimal vertical occlusal dimension increase. In the first
two waxes, the jaw was advanced until it reached an ideal vertical and sagittal inter-incisal
relation according to Bjork [22] with 2 mm of overjet and overbite. In the third wax, vertical
occlusal dimension was increased until the first dental contact was reached.

2.3. Posture-Stabilometric Examination

Each repositioning wax was evaluated by a posture-stabilometric examination in order
to record the new body postural assessment after mandibular repositioning and choose
which wax assured the most comfortable body posture. A vertical force platform (Lizard;
Lemax s.r.l.,, Como, Italy) and its software (Lizard v 3.0; Lemax s.r.l., Como, Italy) were used
for the posture-stabilometric evaluation. Each subject was placed on the platform and was
asked to maintain the most stable and relaxed body posture with their arm resting along
the body. Natural head position was reached asking the subject to gaze a reference point
painted on the wall 90 cm away and corresponding with the central axis of the platform.

To eliminate, or highly reduce, subjectivity in the patient positioning, an operator
guided patient’s feet direction on the platform using the guidance lines plot on the platform
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and moreover a custom-made tool was realized, giving an exact projection of the lateral
malleolus center on the platform (Figure 2). All subjects were asked to avoid any physical
stress, alcohol, coffee, and stimulating substances, for at least 24 h before the test. The
said test was performed in a quiet room. The posture-stabilometric evaluation was firstly
performed in basal conditions, i.e.,:

1.  Rest position/opened eyes: slightly separated teeth and masticatory muscles in a
relaxed non-contracted condition, with open eyes.

2. Rest position/closed eyes: slightly separated teeth and masticatory muscles in a
relaxed non-contracted condition, with closed eyes.

3. Maximum Intercuspidation/opened eyes: reaching the maximum intercuspidation
between the teeth and maintaining opened eyes.

4. Maximum Intercuspidation/closed eyes: reaching the maximum intercuspidation
between the teeth and maintaining closed eyes.

(b)

Figure 2. (a) Posture-stabilometric vertical force platform (Lizard; Lemax s.r.1., Como, Italy); (b) a
custom tool for correct positioning of the subject on the platform.

Finally, recordings were performed while the subject was wearing sequentially the
two or three mandibular repositioning waxes with open eyes. Each recording lasted 51.2 s
and an operator checked the patient’s position on the platform between each recording.

The same expert operator evaluated the results of posture-stabilometric examination.
Any change in the postural arrangement was evaluated comparing basal conditions and the
two or three registrations with mandibular repositioning waxes. The following parameters
were considered to assess the postural arrangement changes: the position of the center of
mass, the distribution of the weight on the feet area, and the torsion angles of the body axis
regarding the Cartesian axes [23,24]. The mandibular repositioning wax which showed
the best postural arrangement according to these parameters were chosen as the reference
mandibular positioning in the splint construction.

2.4. Treatment Procedures

Two types of splints in a complementary way were used for the splint therapy in
the test group: a Mandibular Anterior Repositioning Splint (MORA) [25] during the
daytime and a Sagittal Vertical Extrusion Device (SVED) [26] during the night. Splints
were designed as described by Tecco et al. [17] and using the wax registration that showed
the best improvement of the postural arrangement after jaw repositioning as a reference.
All subjects were asked to wear the SVED all night and the MORA the whole day, except
during meals.

2.5. Pain Intensity Registration

All patients were asked to fill in a PI-NRS which ranged from 0 (no pain) to 10 (worst
imaginable pain), in order to record pain intensity. Each subject in both groups (test group
and control group) was monitored from the start of the treatment for a total period of eight
months. In the test group PI-NRS was assessed three times: before starting therapy (t0),
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after 4 months (t1) and after 8 months (t2) of treatment. Instead, in control group PI-NRS
was recorded during the first visit (t0) and after 8 months (t2).

The reliability and validity of self-reported measures for assessing pain intensity
outcomes have already been demonstrated in the literature [27]. The NRS mostly resulted
to be a well-understood measure with an acceptable reliability for pain evaluation in TMD
patients [28] without differences in age [29] or gender [30]. The NRS is self-completed by
each patient, which is asked to place a circle on the numeric scale at the point that represents
his pain intensity. The NRS is easy to administer and score [31], less than one minute is
requested to complete it and with minimal language translation difficulties supporting its
use across cultures and languages [32]. Unlike other pain-assessment scales, NRS can be
administered verbally (therefore also by telephone) or graphically [33].

2.6. Statistical Analysis

Statistical analysis was performed using SPSS Statistics for Data Analysis v26. The
Shapiro-Wilk normality test was applied. Since data were not normally distributed
(p < 0.05), a non-parametric test, the Friedman test, was used for the statistical analysis of
variance.

3. Results

The mean and median values of PI-NRS in the test group at t0, t1 and t2 are shown in
Table 1. In the test group, the intensity of myofascial pain showed a clear improvement
(Table 1): the Friedman test showed a statistically significant decrease in PI-NRS mean
scores after 4 (t1) and 8 (t2) months from the start of gnathological therapy with mandibular
repositioning splints (p < 0.001).

Table 1. Mean and Median of Group Test (42 subjects) at t0, t1 (4 months) and t2 (8 months).

PI-NRS Mean + SD Median p-Value ?
t0 6.45 £ 2.03 6.5
tl 448 +£1.73 4
t2 2.86 £2.12 2.5
p <001

Legend: SD, standard deviation; ® Friedman test.

The mean and median values of PI-NRS in the control group at baseline (t0) and after
8 months (t2) are shown in Table 2. No statistically significant result was achieved with
the Friedman test, pointing out the permanence or even the worsening of MP symptoms:
the average PI-NRS score did not change in non-treated group, or it even resulted to be
slightly increased between the first visit (t0) and after 8 months (t2).

Table 2. Mean and Median of Group Control (44 subjects) at t0 and t2 (8 months).

PI-NRS Mean + SD Median p-Value ?
t0 6.71 £1.98 7
t2 721+£173 7
p>001

Legend: SD: standard deviation; ® Friedman test.

4. Discussion

Myofascial pain is the most common TMD and its etiology is multifactorial. Sev-
eral therapies and appliances have been developed to try to diagnose it and relieve the
associated symptoms [34,35]. Reversible treatments should be preferred to invasive proce-
dures (i.e., occlusal adjustment, through selective grinding of the tooth surfaces) for the
rehabilitation of patients with myofascial disease, and generally for TMD [14,36]. Among
the successful conservative therapies, occlusal splint therapy has been demonstrated to
be effective in the management of pain in patients with TMD [17]. The aim of occlusal
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splint therapy is to establish neuromuscular harmony in the masticatory system by jaw
repositioning and to create a mechanical disadvantage for parafunctional forces trough
removable appliances [37]. In this study, we evaluated the effectiveness of splint therapy
in determining a reduction in myofascial pain, using two anterior repositioning splints in a
complementary way (MORA, during daytime, and SVED during the night). The splints
design was based on a posture-stabilometric evaluation to find out if a mandibular reposi-
tioning could both improve the postural arrangement of the body and reduce myofascial
pain in the orofacial region. The possibility that mandibular repositioning could affect body
posture has been previously investigated and the aim of our study to obtain a personalized
splint is literature-based [38].

In their randomized clinical trial, Sakaguchi et al. [39] demonstrated a reciprocal
influence between mandibular position and body posture observing that experimental
changes in one of the two system consequently affect the other one. The postural system
including both body and head posture is narrowly regulated by a sophisticated information
network in which mandibular joint and muscles proprioceptors and periodontal ligament
mechanoreceptors are of primary importance through the trigeminal nerve [40]. TMDs
typically affect these trigeminal afferences and proprioception mechanisms. This could
provoke, with a descending action, an unbalance of the whole postural muscles chains
and finally posture alterations. Since occlusal therapy could induce a re-equilibrium of
masticatory muscles, this re-equilibrium could influence, with a descending action, the
whole body postural muscles, resulting in an improved posture [41].

Mandibular position which allows the best bilateral occlusal contact and ideally over-
bite and overjet results in reducing disharmony between muscle systems of the right and left
sides, regarding both masticatory and neck muscles, such as sternocleidomastoid [39,42,43].
Bilateral disharmonies of the neuromuscular system may lead to the instability of the head
position and consequently body posture, but at the same time causing MP.

In this study, PI-NRS scores for pain showed significant improvement throughout
all study intervals in the group treated with MORE and SVED splints, while no pain
score reduction or even increase was observed in control group without any treatment
for 8 months, confirming the reliability of the treatment and the absence of a spontaneous
correction of the symptoms. It should be also noted that initial PI-NRS average scores
are similar in both test group (t0 = 6.45 4 2.03) and non-treated group (t0 = 6.71 4= 1.98).
Our results agree with literature evidence about TMD-related orofacial pain treatment
trough occlusal splints even if they have been personalized through a posture-stabilometric
examination. In two studies, Tecco et al. [17,18] demonstrated the effectiveness of occlusal
splints in TMD-related orofacial pain reduction. One [17] of these two studies used the
same MORE and SVED appliances, and this is an evidence of the reliability of these splints,
even if designed through a body postural analysis. According to the meta-analysis by
Zhang et al. (2016) [44], splint therapy reduced pain intensity measured with the visual
analogue scale (VAS) in patients with TMD without specific description (TMDSD) and
reduced the frequency of painful episodes in patients with TMJ clicking. In our study, the
test group showed a progressive decrease in pain intensity across the t1 (4.48 &= 1.73) and
t2 (2.86 £ 2.12) recordings. These results suggest that improvements are progressive and
related to the time of the patient’s wearing of the splint, in accordance with Milani et al. [45],
reporting that the effect of occlusal splints requires a period of muscular adaptation.

Limitation

This study presents some limitations. The absence of blinding both in patients and
clinicians and the absence of a control group treated with standard mandibular reposition-
ing splints indicate the necessity of future RCT overcoming these limitations to assess the
effectiveness of the posture stabilometric splint design. Two pain assessment points during
eight months of treatment could be poorly for a continuous and fluctuating phenomenon
such as pain and the pain assessment should be also flanked by a functional analysis.
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5. Conclusions

Based on our results, it is possible to conclude that there is enough evidence to assess
that occlusal splint therapy for mandibular repositioning (MORA and SVED) designed
after a posture-stabilometric evaluation could be considered to treat temporomandibular
myofascial pain. Occlusal splint therapy resulted to be effective in reducing pain severity
over an 8-month follow-up. Moreover, the study pointed out the useful purpose of a
personalized mandibular repositioning to improve both masticatory muscles comfort and
body posture.
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