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In the article titled “A New Device Improves Signs and
Symptoms of TMD” [1], we would like to clarify the title, the
authorship, the provenance of the device with the Inter-
national Academy of Posture and Neuromyofascial Occlu-
sion Research (I.LA.P.N.O.R.), and details of the methods.
The article has been updated, and the original version is
available in the supplementary materials.

The title has been revised to “A Device Improves Signs
and Symptoms of TMD.” Ruggero Cattaneo and Dino
Cappare have been removed from the author list, and
LA.P.N.O.R. has been added. Furthermore, the methods
have been revised to accurately reflect the protocol for the
clinical implementation of E.Li.Ba., aka ELIBA, as published
by LA.P.N.OR. in 2010 [4].

The device is the Elevatore Linguale Balercia (E.Li.Ba, in
English the Balercia Lingual Elevator), developed by the late
Prof. Luigi Balercia, the founder of I.A.P.N.O.R, and de-
scribed in 1998 [2] and 1999 [3]. The E.Li.Ba device was
attributed to Prof. Balercia in the article, but the authors
regret any implication that this was the first use or study of
this device, that there was no reference to these publications
or to LA.P.N.O.R,, and that the current membership of
LAP.N.O.R. of the original last author Dr. Monaco and the
previous membership of the original first author Dr. Cat-
taneo was not mentioned. Additional articles regarding
E.Li.Ba were published in the proceedings of I.A.P.N.O.R.’s

2016-18 conferences by I.A.P.N.O.R’s Futura Publishing
Society.

We would also like to clarify that the study is part of the
BENEFIT trial, which includes an additional arm on
mandibular physiotherapy that is not yet published.

Supplementary Materials

The previous version of the article is available as a PDF.
(Supplementary Materials)
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Background. Temporomandibular joint dysfunction (IMDj therany remains an open challenge for modern dentistry. Herein, we
propose a new neuromuscular lingual device®bia 1o reduce signic and symptoms of TMD in female patients with chronic orofacial
pain. Methods. 50 females with myofascial{ L2110 2ccording to RDC/TMD were randomly assigned to study (n =25) and control
groups (n=25). At TO, both groups 3¢ tived st \i¢ /KNG and pain evaluation by the VAS scale. The study group received the
ELIBA device (lingual elevator by Haliicia) consiruciediunder ULF-TENS (ultra-low-frequency transcoutaneous electrical
nervous stimulation). Subjects wiie iustructed to use 1L I5A at least for 16 h/day. After 6 months (T1), both groups underwent to
SEMG/KNG and VAS revaludtion Hesults. T1 study group compared to controls showed a significant reduction in total
(p<0.0001) and mean (p <0.0001) <& MG values, as well as a significant increase in both maximum vertical mouth opening
(p = 0.003) and maximumwelocity in inoutiepicning (p = 0.003) and closing (p < 0.0001). Interestingly, a significant reduction
in pain measured by VAL (5 0.0001) was 1o ported. Conclusions. After 6 months, the ELIBA device is able to significantly reduce
TMD-associated 11 rogenous pain and toromote the enhancement of SEMG/KNG values. Practical Implications. ELIBA can be
coritidered as anéw device, potentially useful for head-neck pain relief in patients suffering from chronic TMD. In addition, its use
promotesa muscles i laxation incucing freeway space increase. This characteristic makes it particularly useful for rehabilitation of
patients with not ¢iousiinspace for construction of conventional orthotics or neuromuscular bites.

1. 1ot oduction

Neuromuscular  denustry  employs  ultra-low-frequency
transcutaneous electrical neural stimulation (ULF-TENS)
to obtain a reduction of muscular tone utilizing surface
electromyography (sSEMG) to evaluate physiological freeway
space [1-4]. Decrease of muscles’ electrical resting hyper-
activity and increase of interocclusal distance after ULF-
TENS are necessary conditions to permit the fabrication of
oral cavity devices, such as neuromuscular orthotics, which
conform to the neuromuscular philosophy concepts and
practices. Comfortable outcome for patients receiving this
therapy has been documented [5]. In a small percentage of

clinical cases (10-15%), it is not possible to get a reduction in
electromyography resting electrical activity values and,
above all, an increase of freeway space after ULE-TENS. This
peculiar condition does not permit the use of neuromuscular
orthotics to rehabilitate those patients [6]. One of the causes
of failure to achieve reduction of electromyography values
after ULF-TENS for some patients might be the lack of
relaxation of suprahyoid muscles (digastric, stylohyoid,
geniohyoid, and mylohyoid) and cervical muscles, which are
agonists for mandibular and respiratory function [7]. In
traditional orthodontic therapy, several devices have been
proposed to improve tongue posture and function with the
goal of modulating resting tongue position [8-11].
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Modification of tongue posture may entail an alteration of
the neck and lower jaw posture in the rest position [12].
Among these devices, the lingual elevator (ELIBA) is the
only one which employs ULF-TENS for its construction and
permits the adaptation of the sublingual space (oral floor/
suprahyoid muscles) specific to the anatomy and neuro-
muscular physiology of each individual. This procedure will
be described in Methods [12-14]. The purpose of our re-
search is to evaluate the effect of ELIBA (lingual elevator by
Balercia) in patients suffering from temporomandibular
disorders (TMDs) who did not experience either a signifi-
cant reduction in electromyography resting values or an
increase of interocclusal distance following ULF-TENS. A
secondary goal of our work is to assess, with an individual
scale, the positive effects on patient subjective symptoms
after several months of therapy.

2. Materials and Methods

2.1. Subjects. This study was conducted in accordance with
the Declaration of Helsinki. The Committee on Ethics in
Science of the University of L’Aquila, L’Aquila, Italy, ap-
proved the study, and written informed consent was ob-
tained from each subject and electronically stored as
suggested by our institutional guidelines. This study was
registered at: NCT02946645.

Fifty Caucasian patients (mean age 36.8; SD 8.5) who
fulfilled the following criteria were included in the study
group: (1) female gender; (2) age less than 50 year&in(3)
craniocervical myogenous TMD; (4) pain duration longer
than 3 months; (5) reduction of freeway spagt and im-
pairment sSEMG activity after TENS according to I oiishak
etal. [6]; (6) presence of complete permanefit dentitici, with
the possible exception of the third molars.

Patients were excluded from the stiic if they met one o1
more of the following criteria: (1) prescice of systemic or
metabolic diseases; (2) eye diseases or visual defests; (3)
history of local or general frauindy (4) neurological or
psychiatric disorders; (5)/Anuscular discases; (6) oruxism, as
diagnosed b the presericc of paratuinciional facets and/or
anamneds of parafunctional tooth clenching and/or
grinditig; (7) pregnancy. (8)..assuined use of anti-
inflaiiimatory, analgesic, aniidcpicisant, opioid, or muscle
reldant medications; (9) Ymoking; (10) fixed or removable
prasthicses; (11) fixed rest¢rations that affected the occlusal
suriaces and (12) either previous or concurrent orthodontic
or orthosnathic treatmefit [3].

The diagnosis af iyofascial-type TMD was provided
after clinical cxainination by a trained clinician according to
group la and Ib of the Research Diagnostic Criteria for
TMD (RDC/TMD), in a blinded manner (RC) [15, 16].

The enrolled subjects were randomly assigned to one of
two groups: control group (n =25) and study group (1 =25).
The two groups were checked for age (study 36.41, SD 6.41;
control 37.02, SD 9.15). Measurement of actual pain was
recorded for each subject in a visual analog scale (VAS) of
pain [17]. Each subject underwent sEMG and jaw tracking
(KNG or computerize mandibular scan) recordings (TIME
0) according to the Monaco protocol in a blind fashion [7].
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At the end of recordings, the study group underwent sub-
lingual myoprint (sapphire® H Bosworth, Scokie, IL, USA)
registration for the construction of the ELIBA device under
TENS stimulation, while the control group did not. The
study group received the device, and they were educated to
use it at least sixteen hours a day. Checkups were carried out
every 15 days for a total of six months. After six months, both
control and study groups received 4 sccond sSEMG/KNG
(TIME 1) in a blind manner.

2.2. SEMG/Jaw Tracking Recording Précedure. biicfly, all
examinations were performed using &1 8-channc! suifite
electromyograph with simultaneous acquisition, coriiion
grounding to all channels, and filters.of 50 112 Dataditained
were displayed and stored ¢n an ¢loctroniyosrapiy device
(K7/EMG®, Myotronics-Noromtd, Inc, Tukwila WA,
USA), with dishosable elecirodes (Duotride®, bipolar sur-
face electrodes A4 gCl, 261111 ventel (0 center distance,
Myotronics-Noronied, Inc., Tuliwila WA, USA), for sSEMG
recording. Resting ¢lccirical activity in the right masseter
(RMM), left masseter (LMM) ' right anterior temporalis
(RTA), léfvanterior temporalis (LTA), right digastric (RDA),
left digastric (LDA), right sternocleidomastoid (RSCM), and
left steinocleidomastoid (LSCM) muscles were recorded.
The.sEM . rceardinios and muscle activity was expressed as
tie root mean square (RMS) of the amplitude, expressed in
uy' [18]. Jaw tracking (Kinesiographic KNG) recordings were
verformed using a kinesiograph (K7/CMS®; Myotronics-
Noroméd Inc., Tukwila, WA, USA) that measures jaw
‘ovements in three dimensions with an accuracy of 0.1 mm.
A lightweight array weighing 113 grams containing 8
magnetic sensors affixed to the bridge of the nose and held in
place with Velcro straps at the back of the skull tracked the
motion of a 0.loz magnet (CMS Magnet; Myotronics-
Noromed, Inc., Tukwila WA, USA) that was attached to
the labial gingiva beneath the mandibular incisor teeth in the
mandibular midpoint with an adhesive gel. The kinesiog-
raphy and electromyography were interfaced with a com-
puter for data storage and subsequent software analysis (K7
Program, Myotronics-Noromed, Inc., Tukwila WA, USA).
Electrodes were positioned on LMM, RMM, LTA, and
RTA, as previously described [19], as well on RDA, LDA
[20], and LSC and RSC [21, 22]. A template was used to
permit the exact repositioning of the electrodes on repeated
testing sessions. The ground electrode, which was larger than
the others and ensured a very good contact with the skin, was
positioned on the subject’s forehead to ensure a common
reference to the differential input of the amplifier. The
kinesiographic array was mounted on the bridge of the nose
and aligned for the optimal position of the magnet for the
recording of kinematic movements which was monitored by
software. Inherent electromyographic noise was tested
through K7 software for each channel and a value of 0.0 uv
could be accepted. In case of excess of noise, a new electrode
was placed in an appropriate location for that muscle.
SEMG/KNG recordings include the following:

(i) Scan 9—sEMG activity at basal condition with eyes
lightly closed
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(ii) Scan 1—maximal voluntary mandibular opening

(iii) Scan 2—velocity of jaw movements during man-
dibular opening and closing

(iv) Scan 3—freeway space recording at the incisor
point
(v) Motor trigeminal TENS stimulation

(vi) Scan 10—sEMG activity at basal condition with
closed eyes after TENS

(vii) Scan 4—freeway space recording after TENS

Note: sEMG or KNG scans with artefacts due to swal-
lowing or aberrant head or mandibular movements were
discarded and the recordings were performed again.

2.3. TENS Stimulation Procedure. The method for sensory
TENS was described previously [23-27]. Briefly, a J5
Myomonitor® TENS Unit device (Myotronics-Noromed,
Inc., Tukwila, WA, USA) with disposable electrodes
(Myotrode SG Electrodes®, Myotronics-Noromed, Inc.,
Tukwila, WA, USA) was used. This device generates a re-
petitive synchronous and bilateral stimulus delivered at 1.5-
second intervals, with adjustable amplitude of approxi-
mately 0-24 mA, a duration of 500 us, and a frequency of
0.66 Hz. The two TENS electrodes were placed bilaterally
anterior to the tragus of each ear to provide neural stim-
ulation of the mandibular division of the trigeminal nerve
(CM V div 2). The electrode placement position was located
between the coronoid and condylar processes of thf mian-
dible and was identified by manual palpation of the Zone
anterior to the tragus; a third common electrode was placed
in the center of the back of the neck [3]. The amplitude of
TENS stimulation started at 0 mA, with the stimulator des
vice turned on and the rheostat, whith ‘ontrols the aii-
plitude, positioned at 0. The amplitiicle of stimulation was
progressively increased at a rate of 0.611/ /s until the pa-
tients reported the sensation.afpricking and (hedperator
visualized and palpated the ciiiii (0 confirm that o threshold
stimulus causing a tiny fite of the chin was ¢chieved. The
operator dtlivered the TENS stimulation according to the
manufdCiurer’s guidelines. o5t subjects were instructed to
relax/ond permit their jaw (o rischand tfall without making
toof!l contacts.

2.4. L LIBA Construction. FLIBA is the acronym for elevator
lingua! by Balercia. Proféssor Luigi Balercia was the first to
fabricate this device lor orthodontic purposes (personal
communicatii) 1n order to support the maintenance of the
tongue posture in patients suffering from atypical swal-
lowing after logopedic therapy. The appliance is designed to
create an oral device that can be stably anchored in the lower
arch (Figure 1). It involves the triangular shape of sublingual
space delimited anteriorly and laterally by the mandible and
lingual teeth surfaces, inferiorly by the oral floor (mainly
constituted by mylohyoid muscle) and superiorly by the
ventral surface of the tongue (Figure 1). For the purpose of
taking an impression of sublingual space, prior stimulation
with ULF-TENS is employed. The patient is asked to lean the

apex of the tongue against the physiological spot (retro-
incisal papilla) and to maintain the tongue relaxed in this
position for all the duration of the procedure. The subject is
verbally instructed to protrude the mandible until the incisal
edges of the upper and lower teeth are in contact, the patient
being asked to maintain this position. After five minutes of
sensorial ULF-TENS, the patient is aslted to widely open
mouth and impression material (Sapyiiire Resin, Myoprint)
of plastic consistency is introduced with'« proper syringe, in
order to completely fill up sublingual space. 1ho.employed
resin is the same impression material, Avith ¢oual consis-
tency, used to obtain myocentric (rcuromusciiar i bite
registration in neuromuscular dentistry |28]. The subicclis
asked to close the mouth in the previous!y ¢\cscribed position
(upper and lower incisal edgef 1 conitact) anc nsiiicted to
maintain the tongue relaycd with the apcx against the
physiological spot (retroincisal fiapilla). DLE-TENS ampli-
tude is increased fdb some impulsest (o slightly above
threshold level, vl it is possible (0 Observe lower jaw
movements riging (owards the upper arch. After some
impulses (frem 5 to 10) ULF-TENS amplitude is brought
back dowf! t0 the origiiial thiethold level, and it is necessary
to wait for initial curing ol linpression resin to a resilient
rubbery ttate. When/resin has reached a firm but elastic
consisteiicnbefore dls complete hardening, it is taken out
{tonioral cavity and put on the master model to finish its
polyierization (rigure 1) [12, 13, 29]. The dental laboratory
técnnique/phases consist in duplicating the impression with
proper piaterial, inserting retentive anchors (Crozat clasps)
on fG0et mandibular molars and modelling a chrome cobalt
taread of 1.2 millimeters of diameter on the lingual surfaces
of the teeth in the lower arch to link together the resin
anterior part of ELIBA and retentive anchors (Crozat clasps)
which are on molars (Figure 1). ELIBA must not have oc-
clusal contacts and should passively fit on the lower arch
(Figure 1) [12].

3. Statistical Analysis

The statistical analysis was conducted using STATA 10®
(StataCorp LP, College Station, TX, USA). Normal distri-
bution of data was tested by the Shapiro-Wilk test. In order
to compare within group the EMG-KIN and VAS data, the ¢-
test for paired data was performed. The comparison between
groups was carried out with ¢-test for unpaired data.

For EMG-mean parameter was calculated the algebraic
mean of the sum of the mean rms of each muscle recorder
according to Cooper [5]. The mean rms was automatically
calculated by K71 program at the end of 15-second period of
EMG recording.

For maximum opening (MO) of the mouth, maximum
velocity of opening (MVO), and maximum velocity of
closing (MVC), the mean of three consecutive movement
cycles for each parameter was chosen.

Our hypothesis was that base data (TIME 0) did not
differ significantly between the control and ELIBA groups,
whereas the comparison of the two groups after therapeutic
intervention at TIME 1 could differ if ELIBA, if the beneficial
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F1Gure 1: ELIBA construction phases and oral aspec bof the device. (a) Acrylic recording of the sublingual space; (b) detail of the caudal part
of the acrylic impression; (c) the BTTE A appliance o1 the Plastic cast; (d) ELIBA appliance; (e-f) intraoral views of the ELIBA appliance fitted

to the oral cavity of the patj¢iit.

effectd of the appliance use were dociimented with EMG,
KN¢ and VAS data obtained.

"lie level of significanca was set at p <0.05 for all tests.
The rcsults are expressed| i terms of mean and standard
deviation. (SD), while in thic bar plots, mean and standard
error (51 ) were represeriied.

4. Results

Tables 1 and 2 report the EMG/KNG comparability of the
two groups in the base condition (TIME 0) according to
EMG-KNG inclusion criteria.

Table 1 shows the EMG data of ELIBA and control
groups in the base condition (TIME 0). No statistical sig-
nificant reduction of values has been seen comparing before
and after ULF-TENS in both groups (within-group com-
parison); for an immediate comparison, at a glance, see the
value of EMG-mean: neither ELIBA (2.42 vs 2.16) nor

control (2.13 vs 2.39) showed significant difference. No
significance has been seen in EMG statistics comparing
(between-group statistics) the two groups in the base con-
dition (TIME 0).

The KNG measures of mandible velocity of opening and
closure and the maximum opening of the mandible are
plotted in Table 3. In TIME 0, no differences have been seen
in the two groups. No difference between groups in VAS was
noted (Tables 3 and 4). The EMG-KNG and VAS data in
TIME 0 allowed the comparability of the two groups.

Table 2 refers to the KNG data and comparison of the
freeway space (FWS) after TENS in TIME 0 and TIME 1.
According to inclusion criteria, the mean values of vertical
dimension (Vert.) of the FWS after ULF-TENS were lower
than 1.5 mm in both groups. No significant differences were
found between the two groups. In TIME 1, the FWS Vert.
after ULF-TENS of the ELIBA group increases growing
beyond the inclusion value of 1.5mm. (0.92vs 1.55;
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TaBLE 1: EMG values of ELIBA and control groups in the base condition (TIME 0) before and after ULE-TENS (S9 before ULF-TENS; S10
after ULF-TENS).

Statistics between the

ELIBA TIME 0 Control TIME 0 groups
Before TENS After TENS

S9 (before TENS) S10 (after TENS) p S9 (before TENS) S10 (after TENS) p P p

LTA 2.98 (1.55) 1.73 (0.72) 0.014 2.17 (1.18) 2.00 (0.67) 0.576 0.121 0.290
LMM 1.68 (0.78)  1.05 (0.35) 0.005 1.69 (0.91)  1.23 (0.36) 0.117 0.966 0.161
RMM 1.65 (0.68) 1.67 (0.92) 0.930 1.38 (0.65) 1.71 (0.93) 0.335 0.2¢° 0.907
RTA 255 (1.66)  2.19 (1.67) 0.393 2.05 (0.93)  2.96 (1.72) 0.055 0.312 0.226
LSC 3.08 (2.88)  3.38 (3.40) 0.768 293 (2.26)  3.19 (1.30) 0.688 0878 0.839
LDA 207 (0.79)  2.43 (1.40) 0.212 1.87 (0.71)  2.34 (0.79) 0.125 0487 0.825
RDA 2.19 (0.63)  2.05 (0.66) 0.519 210 (1.06)  2.33 (0.65) 0.427 [ 0.253
RSC 3.18 (2.34) 2.82 (1.74) 0.522 2.83 (1.45) 3.38 (1.43) 0.307 0.630 07
SEMG-mean 242 (0.71)  2.16 (0.75) 0.272 213 (0.62)  2.39 (0.26) 0404 0988 0283

Statistics: t-test for paired data for within-group comparison and for unpaired data in between-group comparison. I or abbr:lations, reict t0 Materials and
Methods.

TaBLE 2: Kinesiographic measurements and comparison of FWS (freeway space) after ULl TENS in ELIZA and control groups in TIME 0
and TIME 1.

Statistics between

ELIBA group Control group the groups
TIME 0 TIME 1
TIMEO  TIME I p TIMEO  TIMEO TIME 1 p p p
Vert.. 0.92 (0.47)  1.55 (0.73) 0,012 0.88 (08075 (0.15) 0,246 0.78 0.001
FWS after TENS AP 0.65 (0.32)  0.99 (0.66) 04052 076 (027) 075 (0.30) 0,900 0.31 0.220
Lat. 0.41 (0.13) 0.39 (0.21) (919 0.41 (0.92) 0.54 (0.13) 0,004 0.74 0.028

Statistics: t-test for paired and unpaired data.

TaBLE 3: KNG and VAS data and ¢oniparison between and within groups at TIME 0 and TIME 1.

Statistics between the

ELIBA group Control group groups
TIME 0 TIME 1
TIME 0 TIME | p TIME 0 TIME 1 p p p
MO 293.13 (44.26) 344.53 (35.95) 0.002 291.2 (35.26) 303.53 (31.51) 0.321 0.896 0.003
MVO 231.67 (64.32) 324:07.(98.51) 0.006 266.33 (55.83) 228.27 (55.54) 0.072 0.126 0.003
MVC 249.2 (57.48) 317.2 (37.44) 0:001 236.47 (44.14) 207.33 (35.07) 0.056 0.502 <0.001
VAS 7.13 (1.06) 2.07N1822) ~0.001 6.80 (0.94) 7.13 (0.92) 0.334 0.370 <0.001

The EMG/K (. data.used to support the findiigs of this study have not been made available because they are private data. Bold text represents statistical
difference’ (p < 0.05). MO =max 111, opening; /! VO = maximum velocity of opening; MVC = maximum velocity of closing.

TaBLE 42 sSEMG values of ELIBA and control groups in TIME 1 before and after ULF-TENS.

Statistics between the

L LIBA TIME 1 Control TIME 1 groups
Before TENS After TENS
S0 (before TENS) S10 (after TENS) P S9 (before TENS) S10 (after TENS)  p p p
LTA 2.28 (0.99) 1.79 (0.85) 0.043 2.91 (0.61) 237 (0.71)  0.009 0.049 0.053
LMM 1.37 (0.39) 1.26 (0.57) 0.313 2.06 (0.74) 1.29 (0.27) 0.003 0.004 0.841
RMM 1.85 (1.09) 1.42 (0.66) 0.008 2.59 (0.68) 1.81 (0.64)  0.005 0.034 0.108
RTA 1.83 (0.49) 1.49 (0.65) 0.004 2.46 (0.94) 2.48 (1.52) 0.969 0.031 0.032
LSC 1.61 (0.48) 2.5 (1.75) 0.070 2.86 (1.25) 1.81 (0.91) 0.033 0.002 0.191
LDA 1.99 (0.66) 1.4 (0.57) <0.0001 255 (0.79) 349 (1.32)  0.023 0.042 <0.001
RDA 2.41 (0.33) 1.58 (0.72) <0.0001 2.81 (0.56) 2.29 (0.59) 0.027 0.025 0.006
RSC 1.97 (0.89) 1.88 (1.17) 0.534 2.79 (1.22) 367 (1.42)  0.101 0.045 0.001
EMG-mean 1.91 (0.49) 1.67 (0.39) 0.0001 2.63 (0.44) 2.4 (0.41) 0.263 <0.001 <0.001

Statistics: ¢-test for paired data in within-group comparison and for unpaired data in between-group comparison. For abbreviations, refer to Materials and
Methods. Bold text represents statistical difference (p <0.05).



p =0.011). The control group does not increase the FWS
vert. in TIME 1 comparing TIME 0. The between-group
comparison indicates significant differences in vert. and lat.
in TIME 1 (1.55 vs 0.78: p=0.001 and 0.39 vs 0.54;
p = 0.028, respectively).

Table 5 reports the EMG data recorded before ULF-
TENS in TIME 0 and at the TIME 1 condition comparing the
two groups. The data show that the ELIBA group demon-
strates a reduction in the overall electrical activity in the rest
condition (EMG-mean 2.42 vs 1.91; p = 0.031). This sig-
nificance results by the sum of the reduction of the single
muscles that individually are not able to reach the signifi-
cance. The control group increases the overall rest EMG
activity in TIME 1 (EMG-mean 2.13 vs 2.63; p =0.017)
because all muscles show higher resting electrical activity
values in TIME 1 compared to TIME 0: LTA, RMM, LDA,
and RDA increase reaches the significance in TIME 1 in the
control group. The between-group comparison shows in
TIME 0 no statistical significance in all muscles and EMG-
mean, as already listed in Table 1. In TIME 1, all muscles and
EMG-mean values are significantly lower in the ELIBA
group compared to the control group.

Next, we compared the sSEMG data before and after ULF-
TENS within and between groups. As indicated in Table 5,
the comparison between groups before ULF-TENS shows
significantly lower resting electrical activity value in all
muscles in the ELIBA patient group. After ULF-TENS, the
data show that the most significant data are the decrease of
EMG in the ELIBA group (1.67 vs 2.44; p <0.001). The RTA,
LDA, RDA, and RSC reached the level of significanice be-
tween the two groups, lower in the ELIBA group/hiin in the
control.

Table 3 shows the KNG and VAS conipatison between
TIME 0 and TIME 1 between and within the groups. [he
ELIBA group increases in a significant miaiiner all the KN
(maximum opening, maximum veiocity ol opening, and
maximum velocity of closing) measures i1 | IME 1 com-
pared to TIME 0. The VAS decicates signiiicantly in this
group in TIME 1 (7.13 vs 2.07; p < 0.001). The control group
does not sha@ndifferencis in all KNC 21d VAS data com-
paring TIME O and TIML | The betweei group comparison
in TIM £ 1 indicates a significant differefice in KNG and VAS
meatures, higher KNG anc lower VAS values in ELIBA
corparing control group:

5.Dscussion

Data that were obtaiined from this study suggest that the use
of ELIBA appliances in patients suffering from TMD

(1) significantly reduces resting electrical activity seen in
sEMG values

(2) significantly increases both maximum vertical
mouth opening and maximum velocity in mouth
opening and closing values

(3) significantly increases the vertical component of the
FWS after ULF-TENS

(4) significantly reduces pain
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This oral device, initially born for orthodontic purposes,
can help patients suffering from TMJ to relax the stoma-
tognathic system (EMG and kinesiographic values). It can
also help the patient in the reduction of the pain [12]. Usually
electromyography values decrease and freeway space in-
creases after ULF-TENS. When this phenomenon does not
occur, in a few TMD patients, the clinicin is faced with a big
challenge in developing a diagnosis afic! & carrect treatment
planning in accordance with the neuromiiscilar gnathology
philosophy and practices. However, assessiie data of each
research group, it was found that with tiis additional
therapeutic aid, electromyography valiics tend o dccrease
after ULF-TENS [5,30-32].

Konchak in 1988 showed that in sciic patients,dicither
electromyography values dedrcased nor dicl iniciocclusal
distance increase after ULF/ TENS [5]. A few patients, 10%,
did not relax neither chewingior postiiral muscles after
ULF-TENS. In 79 of subjecis. ‘reeway<pace even reduces.
These patients cannot be treqted purcuant to classic neu-
romuscular philosopiinbecause ULI-TENS did not achieve
muscle relaxation periniiting the mandible to assume a
physiologic “iiiandible” rect "fosition. Moreover, lack of
freeway/ space after ULE-1LINS (less than one millimeter)
does nal permit the fibrication of neuromuscular orthotics
that, even if very siiall, would further obliterate freeway
Spacoypreventing the physiologic relaxation of muscles.
Sonic authoie Liave proposed the reduction of dental
aliatomy fising burs in these TMD patients who do not
respond davorably to ULF-TENS. However, unless patients
alicady wear prosthetics, this solution is definitely dis-
couraged, because it is not reversible and it does not assure a
clinical beneficial outcome [33, 34]. The lower jaw rest
position and consequent interocclusal freeway space can be
partly influenced both by the tongue position between dental
arches and by head and neck posture, mostly occurring
through reciprocal interaction in essential functions such as
breathing and swallowing.

The postural relationship between the hyoid, mandible,
and neck is still controversial; Valenzuela et al. even state
that there is no postural correlation [35]. Castro suggests a
relation between SEMG activity of omohyoid muscle, which
arises from the upper border of the scapula and inserts into
the lower border of the body of the hyoid bone and anterior
belly of digastric muscle during tongue movements and
changes of position of the apex of the tongue [20]. Others
found that the hyoid bone position generally had strong
linear correlations with the positions of the head, jaw, and
cervical vertebrae C1-C2 [36]. The cervical area between C1
and C3 receives proprioceptive afferent fibers from sub-
occipital, sternocleidomastoid, and trapezius muscles [37].
On the other hand, in healthy people, there is correlation
between SEMG activity of sternocleidomastoid muscles and
posture of the head and neck during physiological acts as
swallowing and maximum voluntary clenching. This re-
lationship tends to worsen in TMD patients [38].

In addition, as definitely demonstrated by Fitzgerald
[39], the proprioception of the extrinsic and intrinsic
muscles of the tongue, which are innervated with motor
fibers by hypoglossal nerve (CN XII), is supplied by C1 and
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TaBLE 5: Comparisons of TIME 0 vs TIME 1 of EMG values before ULF-TENS.

Statistics between the

ELIBA S9 (before TENS) Control S9 (before TENS) groups
TIME 0 TIME 1
TIME 0 TIME 1 p TIME 0 TIME 1 p p p

LTA 2.98 (1.55) 2.28 (0.99) 0.154 2.17 (1.18) 2.91 (0.61) 0.045 0.121 0.049
LMM 1.68 (0.78) 1.37 (0.39) 0.178 1.69 (0.91) 2.06 (0.74) 0.236 1.966 0.004
RMM 1.65 (0.68) 1.85 (1.09) 0.552 1.38 (0.65) 2.59 (0.68) <0.001 0.283 0.034
RTA 2.55 (1.66) 1.83 (0.49) 0.123 2.05 (0.93) 2.46 (0.94) 0.237 (VAR 0.031
LSC 3.08 (2.88) 1.61 (0.48) 0.070 2.93 (2.26) 2.86 (1.25) 0.913 0.8 0.002
LDA 2.07 (0.79) 1.99 (0.66) 0.766 1.87 (0.71) 2.55 (0.79) 0.020 0487 0.042
RDA 2.19 (0.63) 2.41 (0.33) 0.229 2.10 (1.06) 2.81 (0.56) 0.031 0,787 0025
RSC 3.18 (2.34) 1.97 (0.89) 0.076 2.83 (1.45) 2.79 (1.22) 0.925 0630 0.045
EMG-mean 2.42 (0.71) 1.91 (0.49) 0.031 2.13 (0.62) 2.63 (0.44) 0.017 0.238 20001

Statistics: t-test for paired data in within-group comparison and for unpaired data in between-group comparison. Fof abbicvidtions, refor (o Malcrials and

Methods. Bold text represents statistical difference (p <0.05).

C2 coming from the hypoglossal ansa sharing with the above
cited muscles of neck. It seems probable that this correlation,
that has anatomical and functional reasons, could have some
clinical effect. For example, the position of hyoid, where
extrinsic muscles of tongue are inserted, is correlated to
tongue posture and to craniocervical angle: they both appear
abnormal in sleep apnea patients in contrast to healthy
subjects. Sleep apnea obstructive syndrome involves the
tongue, lower jaw, pharynx, and neck in a pathophysio-
logical way [40]. In sleep apnea patients, the mandibular
position is abnormal, in part because during sleep, the
tongue is more retruded than in healthy people [41 42].
Functionally, the mandible, neck/head, and tongic are
strictly associated in some reflex activities which fiduce a
perpetual arrangement of reciprocal muscular tonc |47 44].
Stimulation of the lingual nerve, sensorial fecondary Granch
of mandibular division of the trigemindhucive (CN Vaiy: ),
determines the discharge of hypoglodial iicrve fibers whicli
concurrently cause tongue retrusion [45]. A{ the same time,
opening the mouth determines.the enhanceincnt of SEMG
activity of the genioglossus4ficacle andhmandivle 2ud tongue
posture can reciprocally /influence | 161 \For ¢xample, sen-
sorial stimdlation with light pressure stimulus of temporal
musclediiduces activation of motor nejirons of hypoglossal
nucletis, demonstrating a strict welationship between the
postiral muscles of the mandiblc and tongue [47]. The
exijience of an anatomica and functional relationship be-
tween muscles of neck and tongue has been experimentally
docuiicnied by Edwards ct al. [37]. In the intermediate
nucleus of the medulladtne proprioception of suboccipital
muscles,” sternocicidomastoid, and trapezius is mono-
synaptical and related with the nucleus of the twelfth cranial
nerves and with the nucleus of the solitary tract, this jus-
tifying the functional union among neck, head, and tongue
and the vegetative answers inducted by postural variations of
every element of this circuit. Among them are also some
afferent fibers to the intermediate nucleus coming from
vestibular and oculomotor nucleus [44]. It is also interesting
to note that the tongue posture, position of apex of the
tongue, and freeway space are correlated to watchfulness and
mood. In fact, during watching emotional videos, the

tension will be liishef the tonsuepostude will be lower, and
interocclusal aistance will be cialicr 148]. The posture of
apex of the toriguc i« telated to otiier anatomical regions,
specially the head and teck, and significantly influences
orientatidii reactions inx ¢ (cull visual search tasks [49].

The/results of our work generally seem to be in accor-
dance with concepts reviously expressed. SEMG values at
rest show 4 wignifiedit reduction of electrical potentials in
fuscles alrectly related with the lower jaw position (anterior
teniporalis and masseter muscle) and neck (sternocleido-
fastoid) inaking supposition that the ELIBA device action
may parfly be due both to sensorial stimulus to the lingual
Herve and postural, determined by variation of position of
toiigue and apex of the tongue (C1-C2). This action may
induce a different relation among all the parts related to the
same system and involved in this phenomenon (head, neck,
mandible, and tongue). Increase of kinesiography values of
maximum mouth opening and maximum velocity in mouth
opening can be interpreted as an enhancing in neuromus-
cular and sensorial balance [50].

In our work, we did not mathematically assess the po-
sition of tongue, apex of the tongue, and head and neck
region, so we do not have data about spatial modifications of
the anatomical regions involved in ELIBA. Our scientific
assessment is limited to SEMG and kinesiography, so it is not
excluded that more equilibrated muscles, and TM]J values
can be obtained in the same spatial position of the head,
neck, lower jaw, and tongue. However, even if data about it
are not available, it is probable that an ELIBA appliance
introduced in the sublingual space induces spatial variation
of tongue position. About this assertion, the literature claims
that introducing orthodontic devices in spaces useful for
tongue determines modification of posture and functional
movements of the tongue [30]. Employment of oral splints
(orthoses) for TMD therapy still remains controversial
because there is not a universal consensus as to diagnosis and
pathogenesis of TMD [51-53]. Published studies assessing
neuromuscular and not neuromuscular oral splints [5] have
shown improvement of sEMG parameters and subjective
symptoms. In our study, habitual occlusion has not been
modified, and ELIBA use in fact does not require alteration



of preexistent occlusion. The purpose of our study was to
demonstrate that it is possible to employ an oral device being
able to modify tongue posture and ameliorate both symp-
toms and improve SEMG and KNG values in TMD patients
whose sSEMG and KNG parameters do not improve after
ULF-TENS, and these patients cannot be included in a
traditional neuromuscular gnathology protocol. It is relevant
to specify that our results are not related with an occlusal
modification such as occlusal adjustment according with
neuromuscular or other gnathology philosophies. A limi-
tation of our work is that it has not been effectuated a
comparison with a control placebo group. We cannot assess
how much of the positive clinical outcome may be due to
placebo effect. A future paper will compare ELIBA clinical
results with the outcome obtained with a neuromuscular
occlusal splint and with placebo therapy [2, 3, 5, 54].
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The EMG/KNG data used to support the findings of this
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