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Abstract

Background ‘Temporomandibular joint disorders (TMDs)’
denote an umbrella term that includes arthritic, musculo-
skeletal and neuromuscular conditions involving the tem-
poromandibular joint, the masticatory muscles, and the
associated tissues. Occlusal devices are one of the com-
mon treatment modalities utilized in the conservative
management of TMDs. The indications for the available
‘oral splints’ or ‘oral orthotic occlusal devices’ remain
ambiguous.

Methods A joint international consortium was formulated
involving the subject experts at TMJ Foundation, to resolve
the current ambiguity regarding the use of oral orthotic
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occlusal appliance therapy for the temporomandibular
joint disorders based on the current scientific and clinical
evidence.

Results The recommendations and the conclusion of the
clinical experts of the joint international consort has been
summarized for understanding the indications of the various
available oral orthotic occlusal appliances and to aid in the
future research on oral occlusal orthotics.

Conclusion The use of the oral orthotic occlusal appli-
ances should be based on the current available scientific
evidence, rather than the archaic protocols.
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Introduction

‘Temporomandibular joint disorders (TMDs)’ denote an
umbrella term that includes arthritic, musculoskeletal and
neuromuscular conditions that involve the temporomandibu-
lar joints (TMlJs), the masticatory muscles, and the associ-
ated tissues [1]. Numerous consensus have been proposed
worldwide to classify these cluster of conditions, to enlist
a few: the diagnostic criteria such as the “Research Diag-
nostic Criteria for Temporomandibular Disorders” (RDC/
TMD) that has evolved to the “Diagnostic Criteria for Tem-
poromandibular Disorders” (DC/TMD) [2], the International
Classification for Orofacial Pain (ICOP) [3] and the Ameri-
can Academy of Orofacial Pain (AAOP) diagnostic criteria
[1].

The etiological factors and management of TMDs have
been under constant debate and controversy [4, 5]. Currently,
according to the OPPERA study, evidence points to a com-
plex multifactorial pathophysiology involving phenotypic
and genotypic traits that must be taken into account during
the diagnosis and treatment of TMDs [6].

Most patients suffering from TMDs improve with con-
servative and multimodal therapies, such as self-manage-
ment, cognitive behaviour therapy [7], physiotherapy [8],
needling techniques [9], pharmacotherapy [10], occlusal
devices [11] and minimally invasive procedures such as
arthrocentesis, and intraarticular injections. In case of
advanced TMIJ pathological conditions where an intra-artic-
ular pathology is implicated or ones that are refractory to
conservative treatment, diagnostic/therapeutic arthroscopy
or an open joint surgery is indicated [12].

Occlusal devices are one of the common treatment
modalities utilized in the management of TMDs. An
occlusal device is defined by the glossary of prosthodontic
terms (GPT) as “any removable artificial occlusal surface
affecting the relationship of the mandible to the maxilla,
used for diagnosis or therapy.” Occlusal ‘splint’ is a wide-
spread term used for different kind of occlusal devices such
as hard stabilization splint (i.e., Michigan, flat, relaxing
splint), anterior repositioning splint, anterior/posterior bite
plane, pivoting appliance and soft resilient appliance [13].
However, the use of the term “occlusal splint” may not be as
accurate as “occlusal orthosis or orthotic device” due to the
semantic origin of those words. According to the American
Academy of Orthopaedic Surgeons (AAOP), an orthosis is
an orthopaedic appliance used to support or improve func-
tion of moveable parts of the body [1]. As per the definition
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from the AAOP, orthopaedic surgery is the branch of surgery
concerned with conditions involving the musculoskeletal
system. In general, orthopaedic surgeons use both surgi-
cal and nonsurgical means to treat musculoskeletal trauma,
degenerative diseases, infections, tumours, and congenital
disorders. Maxillofacial surgeons or a TMD specialist treat
these same conditions when they affect the temporoman-
dibular joint in a very similar manner, along with the addi-
tional consideration of the dentate components of the jaw.
Therefore, it should be emphasized that TMJ related mus-
culoskeletal disorders must be considered as ‘orthopaedic
pathologic entities’ among dental practitioners akin to our
orthopaedic colleagues. Failure to do so only exacerbates
the problems associated with TMD in general not only for
patients but also for the clinicians and third-party insurers,
etc., as they do not consider TMJ pathology as orthopaedic
pathology, rather entirely dental in nature (considered as a
secondary effect of occlusion/dentition) [1, 70]. An estab-
lished joint disorder, irrespective of its initiating factor(s),
should have a holistic multidisciplinary treatment approach
in accordance to the sound principles of orthopaedic science.

One way to become more “orthopaedic” when dealing
with TMJ musculoskeletal disorders would be to eliminate
the term “splint” when referring to an oral appliance. The
Merriam-Webster Dictionary defines the word “splint” as
“a material or a device used to protect and immobilize a
body part: to support and immobilize (as a broken bone)
with a splint.” Whereas the Oxford Concise Medical Dic-
tionary defines “orthotic” as “a surgical appliance that exerts
external forces on part of the body to support joints or cor-
rect deformity.” Therefore, the term “splint” should be rel-
egated to the oral appliance used to facilitate positioning of
the maxillary and mandibular components in orthognathic
surgery and trauma, while the orthopaedic term “orthotic”
should be used to designate the oral appliance used in the
management of musculoskeletal TMJ disorders [14]. Nev-
ertheless, these two terms are used and defined indistinctly
in the GPT and in research studies related to temporoman-
dibular joint disorders.

Material and Methods

Methodology included a review of the online literature via
systematic search to evaluate scientific evidence support and
also, gathering clinical data from the expert international
consortium formulated to generate a substantial evidence-
based clinical support. A literature review search was per-
formed in terms of the effectiveness of different types of
occlusal orthotics in the management of temporomandibu-
lar disorders according to international protocols of diag-
nostic criteria such as RDC/TMD, DC/TMD and any clear
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diagnosis of myogenous pain, and TMJ pain, disorders, and
diseases.

PubMed, Embase and Scopus databases were searched.
Search terms used according to a combination of medical
subject headings (MeSH) terms are as follow: ((((“Tempo-
romandibular Joint Disorders”’[Mesh]) OR “Cranioman-
dibular Disorders”[Mesh]) OR “Facial Pain”[Mesh]) OR
“Osteoarthritis”[Mesh]) AND “Occlusal Splints”’[Mesh].
Metanalysis (MA), clinical trials (CT), observational stud-
ies, systematic, and literature reviews were selected to sup-
port the indications of different orthotic devices for TMDs
to draw the final conclusions and consort recommendations.

Data from Review and Recommendations
Stabilization Orthotic Occlusal Appliance (SA)

This device is also known by the following terms; flat plane
splint, stabilization splint, centric relation splint, and Michi-
gan splint. It was described by Ramfjord and Ash [15] in the
50’s and it has become one of the most popular therapy for
treating TMD even though its mechanism of action remains
less understood. Myogenous indications for its use include
local muscle soreness, centrally mediated myalgia, and brux-
ism. It is not recommended for protective co-contraction,
myofascial pain or myospasm [15, 16, 71].

It is a full coverage appliance commonly made of hard
acrylic like polymethyl methacrylate (PMMA) and can either
be used in the lower or upper arch, as no significant differ-
ence in symptom reduction has been found in studies while
wearing the appliance either in the maxilla or mandible [16].
However, it is recommended to use it in the less stable arch
or where there are more edentulous zones. Its occlusal sur-
face must be flat and smooth except for the zone of canine
and/or incisal guidance. Thickness must be the minimum
possible (2-3 mm in molar zones) to allow further occlusal
adjustments in order to achieve bilateral and symmetrical
contacts to allow redistribution of forces between joint
surfaces [15, 17, 18]. Increasing vertical occlusal dimen-
sion (VOD) more than 3 mm does not show major benefits
in terms of reduction of the electrical muscle activity and
also there is no evidence of adverse effect when VOD is
increased to <5 mm [19, 20]. A single study by Hegeb et al.
in 2018 correlated MRI based effects by the various thick-
ness of appliance with clinical outcomes and recommended
a splint thickness of 4 mm for disc displacement with reduc-
tion and 6 mm for disc displacement without reduction, with
a treatment duration of 1 year [72, 73]. The appliance must
be stable and retentive. When the patient is in the upright
position, posterior teeth should contact bolted than anterior
teeth, in a musculoskeletally stable position. If the appliance
is not fabricated according to these criteria, an iatrogenic

malocclusion may result [71]. A dual laminated splint which
has a hard outer layer and a soft inner layer is also described,
which in essence functions as a hard splint [74]. Recent
advances in orthotic appliance fabrications include CAD-
CAM polycarbonate-based occlusal appliance which exhibit
higher fracture toughness as well as lower water sorption and
solubility than polymethyl methacrylate-based appliances.
They also minimised human errors in fabrication such as fit,
dimensional stability and has less fabrication time. In terms
of flexural strength, surface microhardness, water sorption,
and water solubility, they were superior to auto-polymerising
materials but not significantly superior to heat-polymerised
appliances [75].

Possible mechanisms involved in improving symptoms
of TMD with the use of a SA are reduction in joint loading,
changes in proprioception, regression to the mean, placebo
effect and the Howthorne phenomenon. In a healthy indi-
vidual, intraarticular pressure may depend on several factors
and can vary during joint activity [21]. During rest, pressure
is normally negative and increases notably during maximal
clenching or lateral movements and decrease during maxi-
mal mouth opening allowing perfusion of nutrients from the
capillaries [22, 23]. In the presence of intracapsular inflam-
mation this pressure markedly rises resulting in changes of
synovial fluid, contributing to TMD [24]. Only a few studies
have researched this phenomena and have revealed that the
use of SA can decrease intracapsular pressure by 31-81%
in patients with TMD [22, 23], probably helping to reduce
oxidative stress. However, a recent RCT revealed no differ-
ence in the synovial fluid levels of IL-6, MDA and 8-OHdG
in joints treated with and without SA after arthrocentesis,
even though splint therapy was found to be successful in
eliminating clinical symptoms related to TMD [25].

SA treatment is also hypothesized to incite changes in
proprioception that increase brain modulation of muscle
activity for 2—-6 weeks. This putative phenomenon is com-
monly described by “the cognitive awareness theory” and
directs towards opening a window for the implementation
of other treatments like exercises, physiotherapy and habit
modification [26]. A reduction of electromyographic activity
in the masticatory muscles, while the orthotic is worn has
been extensively demonstrated. It has been further specu-
lated that this is due to the occurrence of a reflexive response
to the presence of a “foreign body” between the teeth, lead-
ing to “avoidance” behaviour [27]. Hence, it seems rea-
sonable to suppose that this increased awareness would
influence the patients’ learning to modify their behaviour,
subsequently contributing to the success of the intervention.
But this concept still needs evidence [28].

Another mechanism is “regression to the mean” which is
a phenomenon where levels of pain in TMD patients, tend
to decrease with or without therapy over time to about 50%
of the peak levels. Similarly, if someone is experiencing the
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lowest level of pain in their pain cycle, then an increase in
pain could be expected. These mechanisms are based on
studies about chronic pain cycles [29].

The “placebo effect”, which is well-known in pain man-
agement, could be explained in TMDs, as the treatment
necessitates patient contact for patient education, counsel-
ling, and other doctor- patient interactions. These could also
play a positive role in improvement of symptoms and induce
a sense of reassurance that there is no sinister pathology [17,
26]. However, patients with emotional distress and mala-
daptive cognitive appraisals of pain may benefit less from
placebo effects [30]. Finally, the Hawthorne phenomenon
wherein patients change their behaviour or perspectives to
treatment, secondary to their awareness of being monitored,
has also been attributed to successful outcomes with orthotic
appliance [76].

SA are widely used for manging symptoms of myoge-
nous as well as arthrogenous TMD and literature demon-
strates positive outcomes with few negative effects. Results
obtained in systematic reviews up to the beginning of 2000,
were not able to draw conclusions in favour or against the
use of SA in improving signs and symptoms of TMD, [31,
32] and it was difficult to execute MA due to the scarcity of
well-designed RCTs. More recently larger numbers of stud-
ies, including MA, have demonstrated that SA have signifi-
cant positive long-term effects in reduction of masticatory
muscle pain (71.8%) and improvement of mouth opening at
early follow up (61.9%). This has positioned the SA as one
of the most efficient occlusal orthotic appliance therapies
with a moderate quality of evidence [11, 16, 33-35], even
though some of the SR and MA document no significant
outcome differences of SA when compared to other modali-
ties [36, 37].

When comorbidities such as widespread/referred pain is
present, and Axis II is affected (psychological/psychiatric
disorders), the efficacy of SA in pain management could
be jeopardised. Comprehensive assessment of patient fac-
tors, including psychosocial factors, are indispensable when
selecting the optimal treatment for myogenous pain [38, 39].

The differences in pain reduction effect of SA with and
without counselling in arthralgia has also been proven [11,
33]. But the outcomes seem to be lower when compared to
the concomitant use of other modalities such as ARA [11]
and minimally invasive procedures, that may include arthro-
centesis, intra articular injections and arthroscopy [12].

Side effects of SA related to altered occlusion or discom-
fort are uncommon when the orthotic appliance is frequently
and correctly adjusted and when it is worn for short period
of time [40]. On the other hand, development of apnoea
events or an increase when already present, is described
with the use of SA in healthy and obstructive sleep apnoea
(OSA) patients [41-43]. Although these findings are still
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controversial [44, 45], it is recommended to perform OSA
screening prior to use of a SA for TMD or sleep bruxism.

Anterior Repositioning Orthotic Occlusal Appliance
(ARA)

This appliance described by Farrar in the 1970’s, has similar
characteristics to the SA apart from a ramp in the anterior
aspect that temporarily guides the mandible to a protruded
position. According to different authors, the therapeutic
position can be (i) edge-to-edge, (ii) 2 mm of mandibular
protrusion or (iii) minimum protrusive position where the
disc can be clinically reduced [46]. The clinical indications
include painful disc displacement with reduction (DDwR)
with or without intermittent locking and in cases of retrodis-
citis where SA has not achieved optimal results [47].

The mechanism of action involves removal of the
disc—condyle mechanical disturbance form below the disc’s
posterior band and transferring the condylar loading forces
from the retro-discal tissue to the intermediate zone, thereby
decreasing inflammation and pain [48]. It is important to
mention that recapture of the disc has major success prob-
abilities when this orthotic device is appropriately fabri-
cated within a few days or weeks from the first episode of a
DDwoR or DDwR with intermittent locking [46].

Some researchers and clinicians recommend that ARA
should be worn 24 h a day, mainly to get the double contour
of the condyle with cortical layering in cases of osteoarthri-
tis [46]. However, it has frequently been associated with pos-
terior open bite, occlusal alterations and muscle contracture
of the lateral pterygoid, on long term patient follow up [49].
Alternatively, wearing it during sleep (bedtime) seems to
be enough for pain improvement, not significantly changing
the occlusal contacts or causing skeletal problems [26, 50].
Literature reviews show that the treatment duration could
vary between four weeks and one year, with a mean duration
of 3—6 months depending on the diagnosis [46]. If the aim
is to reduce pain, just a few weeks of use should suffice, on
the other hand, if the aim is to recapture the disc, more than
6 months of wear may be necessary.

Numerous studies using magnetic resonance imaging
indicate that ARA is more effective in recapturing the disc
than SA [48, 51]. However, the reduction of TMJ pain with
the use of ARA, is not necessarily associated with recapture
of the disc, but is due to pseudo disc formation and repair of
retro-discal tissues [48, 52]. In the management of osteoar-
thritis, it has been shown that at 12 months follow up, ARA
may aid in condylar repair and regeneration [53].

In comparison to SA, NTI-tss and soft full coverage
appliances, ARA is significantly superior in reducing joint
pain (low level of evidence) and clicking sound (moderate
level of evidence) demonstrating 86.5% and 98.33% success
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respectively, while the appliance is being used for disc-con-
dyle conflict conditions [11, 54].

Anterior Bite Appliance and Nociceptive Trigeminal
Inhibition Tension Suppression System (NTI-tss)
Appliance

The NTI-tss is a prefabricated anterior bite appliance that
was approved by the U.S. Food and Drug Administra-
tion (FDA) in 1998 and according to the manufacturer,
is indicated for the prevention and treatment of bruxism,
TMDs (exact diagnosis or condition not specified), occlusal
trauma, tension-type headaches and/or migraine [55]. It
engages 2—4 maxillary incisors and is made of hard acrylic.
Although the positive effects reported by clinicians and press
articles were widespread, there is a paucity of high-qual-
ity studies comparing this appliance with other treatment
modalities.

RCTs reveal that the NTI-tss appliance had an impor-
tant inhibitory effect in masseter muscle electromyographic
activity during sleep compared to SA [56, 57]. However,
this was not directly related to the intensity of pain, pal-
pation tenderness or improvement of mouth opening [56]
at 2 weeks. Another RCT demonstrated improvements in
myofascial pain at 6 weeks, which was not superior to the
control group [58] nor to SA at 3 months follow up [59].
Nonetheless, in a recent MA, the performance of NTI-tss in
myogenous pain reduction was one of the most favored indi-
cation when compared to other orthotic devices (very low
level of evidence), demonstrating 80% improvement (low
level of evidence) [11].

The NTI-tss appliance may be found effective in arthrog-
enous pain management (very low level of evidence), but
is not definitely better than SA or ARA [11]. However, it is
not generally recommended for TMJ disorders because it
has been demonstrated that joint sounds and joint loading
could increase in patients with disc displacement with reduc-
tion (DDwR), with the use of this device [50]. In context to
its beneficial effects on headaches, evidence is limited and
contradictory. An independent RCT demonstrated no effect
in improvement of migraine when compared to amitripty-
line and a sham splint [60]. On the contrary, single RCT
(financed by the distributor of the NTI-tss devices) demon-
strated a reduction of 77% in episodes of chronic migraines
in patients that probably had jaw clenching as a contributing
factor to their headaches [61].

NTI-tss bite stop may have be successfully used for the
management of TMDs and bruxism in the short term and is
described as easy and quick to. However, occlusal changes
and tooth mobility were reported in studies after 3—6 months
of usage. Five cases were published in the FDA medical
device reporting website, reporting ruptures, increased
clenching episodes, and mobility of teeth [55]. To avoid

unfavourable outcomes, this appliance is not generally rec-
ommended, but if chosen, it should only be used for mas-
ticatory muscle pathology in the absence of intracapsular
problems. Patients non compliant to follow-up are not good
candidates for this appliance [62]. General Dental Council
(GDC), UK recommends NTI-tss use only for a short dura-
tion to avoid device related complications.

Soft Full Coverage Orthotic Occlusal Appliance

The soft orthotic appliance is made from a 2—4 mm resilient
polyvinyl sheet material adapted to the maxillary or man-
dibular arch, which is usually worn only at night and gener-
ally produces symptomatic relief within weeks [63]. Also
known as nightguard, it is a simple to make, easy to adjust
and user-friendly appliance. Common indications include
masticatory muscle pain, bruxism and as an adjunct appli-
ance therapy following arthrocentesis.

According to a recent MA, it is very useful in managing
myogenous pain better than SA, with a success rate of 61.9%
(very low quality evidence) but not superior for arthrog-
enous pain management [11]. A comparative study revealed
that both soft and hard splints are capable of reducing elec-
tromyographic activity during clenching, especially in the
anterior temporalis muscle. However, the soft splint demon-
strate poor outcome in terms of muscle activity reduction,
probably due to the resilience of the material and superior
comfort, that could incite patients to clench with more confi-
dence (clenching or working on the soft splint material) [64].

Unfortunately, most MA and SRs include all the orthotic
appliances under the same umbrella (irrespective of the type
and indication) which makes differentiation and evaluation
of the patient centric outcomes between individual appli-
ances impossible [34, 35, 55].

Simultaneous Use of Oral Orthotic Occlusal Appliance
with Minimally Invasive Treatment Interventions

Arthrogenous and myogenous temporomandibular disorders
should be clinically distinguished. In cases with complex
situations resulting in symptoms related to mixed problems,
a thorough and systematic history will direct towards the
initiating factor(s) (arthrogenous and/or myogenous origin)
and will be beneficial in deciding on an appropriate inter-
vention, as well as the type of orthotic occlusal appliance
therapy that may be indicated. Symptomatic (painful) intra-
articular derangement with loss of synchrony in the disc
movement, or a displaced disc without reduction, should be
managed early with minimally invasive procedures (arthro-
centesis or arthroscopy), with or without intra-articular
injection of an adjuvant pharmacological agent(s), in an
attempt to recaptulate the disc. This should include simul-
taneous or post-intervention orthotic occlusal appliance
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therapy. Early intervention with intra-articular injection
and orthotic occlusal appliance therapy is significantly more
effective than conservative treatment for pain reduction and
improvement in interincisal opening, as observed through
a meta-analysis of randomized clinical trials at both short
(<5 months) and intermediate term (6 months—4 years) fol-
low up periods [11, 12, 17, 67]. Meta-analysis by Li et al.
suggests that arthrocentesis performed within 3 months of
conservative treatment would produce beneficial results in
a joint with persistent symptomatic derangement condition,
rather than delaying the intervention.

Results

Conclusion and consort recommendations for the use of oral
orthotic occlusal appliance therapy for temporomandibular
joint disorders based on available meta-analysis and current
scientific clinical evidence are summarized in Table 1.

Key recommendations and conclusion

1. Anestablished temporomandibular joint disorder, irre-
spective of its initiating factor, should have a holistic
multidisciplinary treatment approach with interven-
tions involving sound principles of orthopaedic sci-
ence.

2. Guidelines regarding duration of treatment using spe-
cific orthotic occlusal appliances are necessary, and the
concept of long term or indefinite use is outdated.

3. Over-the-counter orthotic appliances, commonly
referred to as night guards may not be appropriate for
all situations. Additionally, appliances that do not ful-
fill fabrication criteria for a specific indication may
cause undesirable sequelae.

4. The term occlusal splint (MeSH, National Library
of Medicine, NIH: Rigid or flexible appliances that
are used to maintain a displaced or movable part in
position, or to maintain the position of and protect
an injured part) should be considered to be replaced
with oral orthotic occlusal appliance (MeSH, National
Library of Medicine, NIH: Apparatus used to support,
align, or augment the functioning of parts of the body/
joint).

5. The arthrogenous and myogenous temporomandibular
disorders should be clinically distinguished. In cases
with complex situations resulting in symptoms related
to mixed arthrogenous and myogenous problems, a
thorough and systematic history will direct towards
the initiating factor (arthrogenous or myogenous ori-
gin) and will be beneficial, to decide on an appropriate

@ Springer

intervention and the type of orthotic occlusal appliance
therapy.

6. For the symptomatic (painful) intra-articular derange-
ment with loss of synchrony in disc movement or a
displaced disc without reduction, simultaneous or post-
intervention orthotic occlusal appliance therapy should
be combined with early minimally invasive procedures
(arthrocentesis or arthroscopy), and adjuvant pharma-
cological therapy.

7. Oral appliances (orthotics) can be a part of a non-
invasive management plan for NOT ALL but certain
patients with musculoskeletal TMJ disorders, with spe-
cific indications.

8. The mechanisms of action underlying the clinical
effects of an occlusal orthotic appliance in the man-
agement of musculoskeletal temporomandibular joint
disorders are not completely understood.

9. Using an oral orthotic occlusal appliance to produce
permanent changes in occlusion or mandibular position
is not supported by current evidence.

10. Clinicians must select the appropriate orthotic appli-
ance for the specific condition they are treating as per
the current available scientific evidence, and patient
compliance remains the mainstay for the success with
oral orthotic occlusal appliances.

Author Contributions All authors contributed to the study concep-
tion and design. Initial study conception, material preparation, data
collection and analysis were performed by LGM, DB, CCF and AJS.
The first draft of the manuscript was written by IAG, CCF and DB.
LGM, SB, MAP, AJS, SS, MES, KM, PA, PG, VDS and PE contributed
to provide data on regional and institutional practices on the subject.
All authors read and approved the final manuscript.

Funding This work was academically supported by TMJ Founda-
tion, TMJ Consultancy, Bhopal, Madhya Pradesh, India. The authors
declare that no funds, grants, or other support were received during the
preparation of this manuscript.

Declarations

Conflict of interest None. The authors have no relevant financial or
non-financial interests to disclose.

Ethics Approval This is an observational and review study. The
TMIJC Research Ethics Committee has confirmed that no ethical
approval is required.

Consent to Participate Written informed consent was not applicable
for this review.

Consent to Publish Patient related consent is not applicable for
this review. Members of the Joint International Consortium on Oral



J. Maxillofac. Oral Surg. (July—Sept 2023) 22(3):579-589

587

Orthotic Occlusal Appliance Therapy for Temporomandibular Joint
Disorders, TMJ Foundation, have reviewed and approved the final
manuscript draft.

References:

10.

12.

13.

14.

15.

16.

17.

de Leeuw R, Klasser GD (eds) (2018) American Academy of
Orofacial. Pain Orofacial pain: guidelines for assessment, diagno-
sis, and management, 6th edn. Quintessence Publishing Co, Inc,
Hanover Park, p 327

Schiffman E, Ohrbach R (2016) Executive summary of the diag-
nostic criteria for temporomandibular disorders for clinical and
research applications. ] Am Dent Assoc 147(6):438-445
International Classification of Orofacial Pain, 1st edition (ICOP)
(2020) Cephalalgia 40(2):129-221. https://doi.org/10.1177/03331
02419893823

Greene CS, Obrez A (2015) Treating temporomandibular dis-
orders with permanent mandibular repositioning: is it medi-
cally necessary? Oral Surg Oral Med Oral Pathol Oral Radiol
119(5):489-498

Greene C, Manfredini D (2020) Treating temporomandibular dis-
orders in the 21st century: Can we finally eliminate the “Third
Pathway”’? J Oral Facial Pain Headache 34(3):206-216

Slade GD, Ohrbach R, Greenspan JD, Fillingim RB, Bair E, Sand-
ers AE et al (2016) Painful temporomandibular disorder: decade
of discovery from OPPERA studies. J Dent Res 95(10):1084—1092
Noma N, Watanabe Y, Shimada A, Usuda S, Iida T, Shimada A
et al (2021) Effects of cognitive behavioral therapy on orofacial
pain conditions. J Oral Sci 63(1):4-7

de Melo LA (2020) Manual therapy in the treatment of myofascial
pain related to temporomandibular disorders: a systematic review.
J Oral Facial Pain Headache. https://doi.org/10.11607/0fph.2530
Al-Moraissi EA, Alradom J, Aladashi O, Goddard G, Christidis
N (2020) Needling therapies in the management of myofascial
pain of the masticatory muscles: a network meta-analysis of ran-
domised clinical trials. J Oral Rehabil 47(7):910-922
Mujakperuo HR, Watson M, Morrison R, Macfarlane TV (2010)
Pharmacological interventions for pain in patients with temporo-
mandibular disorders. Cochrane Database Syst Rev. https://doi.
org/10.1002/14651858.CD004715.pub2

. Al-Moraissi EA, Farea R, Qasem KA, Al-Wadeai MS, Al-Sabahi

ME, Al-Iryani GM (2020) Effectiveness of occlusal splint ther-
apy in the management of temporomandibular disorders: network
meta-analysis of randomized controlled trials. Int J Oral Maxil-
lofac Surg 49(8):1042-1056

Al-Moraissi EA, Wolford LM, Ellis E, Neff A (2020) The hierar-
chy of different treatments for arthrogenous temporomandibular
disorders: a network meta-analysis of randomized clinical trials.
J Cranio Maxillofac Surg 48(1):9-23

The glossary of prosthodontic terms (2017) J Prosthet Dent
117(5):C1-e105. https://doi.org/10.1016/j.prosdent.2016.12.001
Antonia C (2012) Quick reference dictionary for orthopedics.
SLACK, Thorofare

Ramfjord SP, Ash MM (1994) Reflections on the Michigan
occlusal splint. J Oral Rehabil 21(5):491-500

Tiirp JC, Komine F, Hugger A (2004) Efficacy of stabilization
splints for the management of patients with masticatory muscle
pain: a qualitative systematic review. Clin Oral Investig 8(4):179—
195. https://doi.org/10.1007/s00784-004-0265-4

Greene CS, Menchel HF (2018) The use of oral appliances in the
management of temporomandibular disorders. Oral Maxillofac
Surg Clin North Am 30(3):265-277

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Ettlin DA, Mang H, Colombo V, Palla S, Gallo LM (2008) Stereo-
metric assessment of TMJ space variation by occlusal splints. J
Dent Res. https://doi.org/10.1177/154405910808700903

Pita MS, Ribeiro AB, Garcia AR, Pedrazzi V, Zuim PRJ (2011)
Effect of occlusal splint thickness on electrical masticatory muscle
activity during rest and clenching. Braz Oral Res 25(6):506-511
Moreno-Hay I, Okeson JP (2015) Does altering the occlusal verti-
cal dimension produce temporomandibular disorders? A literature
review. J Oral Rehabil 42(11):875-882

Roth TE, Goldberg JS, Behrents RG (1984) Synovial fluid pres-
sure determination in the temporomandibular joint. Oral Surg Oral
Med Oral Pathol 57(6):583-588

Nitzan DW (1994) Intraarticular pressure in the function-
ing human temporomandibular joint and its alteration by uni-
form elevation of the occlusal plane. J Oral Maxillofac Surg
52(7):671-679

Casares G, Thomas A, Carmona J, Acero J, Vila CN (2014) Influ-
ence of oral stabilization appliances in intra-articular pressure of
the temporomandibular joint. CRANIO® 32(3):219-223
Tanaka E, Detamore MS, Mercuri LG (2008) Degenerative dis-
orders of the temporomandibular joint: etiology, diagnosis, and
treatment. J Dent Res 87(4):296-307

Bas B, Aksoy A, AtmacaE, Oz AA, Kaya O, Kazan D et al (2019)
Effect of occlusal splint on interleukin 6, malondialdehyde and
8-hydroxydeoxyguanosine levels in the synovial fluid of patients
with temporomandibular disorders. Int J Oral Maxillofac Surg
48(12):1558-1563

Menchel HF, Greene CS, Huff KD (2021) Intraoral appliances for
temporomandibular disorders: what we know and what we need
to know. Front Oral Maxillofac Med 3:6-6

Clark GT, Beemsterboer PL, Solberg WK, Rugh JD (1979) Noc-
turnal electromyographic evaluation of myofascial pain dysfunc-
tion in patients undergoing occlusal splint therapy. ] Am Dent
Assoc 99(4):607-611

Dao TT, Lavigne G (1998) Oral splints: the crutches for tempo-
romandibular disorders and bruxism? Crit Rev Oral Biol Med
9(3):345-361

Whitney CW, Von Korff M (1992) Regression to the mean in
treated versus untreated chronic pain. Pain 50(3):281-285

Wang Y, Chan E, Dorsey SG, Campbell CM, Colloca L (2022)
Who are the placebo responders? A cross-sectional cohort study
for psychological determinants. Pain 163(6):1078—-1090

Al-Ani Z, Gray RJ, Davies SJ, Sloan P, Glenny AM (2005) Stabili-
zation splint therapy for the treatment of temporomandibular myo-
fascial pain: a systematic review. ] Dent Educ 69(11):1242-1250
Forssell H, Kalso E, Koskela P, Vehmanen R, Puukka P, Alanen
P (1999) Occlusal treatments in temporomandibular disorders: a
qualitative systematic review of randomized controlled trials. Pain
83(3):549-560

Kuzmanovic Pficer J, Dodic S, Lazic V, Trajkovic G, Milic N,
Milicic B (2017) Occlusal stabilization splint for patients with
temporomandibular disorders: meta-analysis of short and long
term effects. PLoS ONE 12(2):e0171296

Al-Moraissi EA, Conti PCR, Alyahya A, Alkebsi K, Elsharkawy
A, Christidis N (2021) The hierarchy of different treatments for
myogenous temporomandibular disorders: a systematic review and
network meta-analysis of randomized clinical trials. Oral Maxil-
lofac Surg. https://doi.org/10.1007/s10006-021-01009-y
Ebrahim S, Montoya L, Busse JW, Carrasco-Labra A, Guyatt GH
(2012) The effectiveness of splint therapy in patients with tempo-
romandibular disorders. ] Am Dent Assoc 143(8):847-857
Honnef LR, Pauletto P, Conti Réus J, Massignan C, de Souza
BDM, Michelotti A et al (2022) Effects of stabilization splints
on the signs and symptoms of temporomandibular disorders of
muscular origin: a systematic review. CRANIO®. https://doi.org/
10.1080/08869634.2022.2047510

@ Springer


https://doi.org/10.1177/0333102419893823
https://doi.org/10.1177/0333102419893823
https://doi.org/10.11607/ofph.2530
https://doi.org/10.1002/14651858.CD004715.pub2
https://doi.org/10.1002/14651858.CD004715.pub2
https://doi.org/10.1016/j.prosdent.2016.12.001
https://doi.org/10.1007/s00784-004-0265-4
https://doi.org/10.1177/154405910808700903
https://doi.org/10.1007/s10006-021-01009-y
https://doi.org/10.1080/08869634.2022.2047510
https://doi.org/10.1080/08869634.2022.2047510

588

J. Maxillofac. Oral Surg. (July—Sept 2023) 22(3):579-589

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Roldan-Barraza C, Janko S, Villanueva J, Araya I, Lauer HC
(2014) A Systematic review and meta-analysis of usual treat-
ment versus psychosocial interventions in the treatment of
myofascial temporomandibular disorder pain. J Oral Facial Pain
Headache 28(3):205-222

Noguchi T, Kashiwagi K, Fukuda K (2020) The effectiveness
of stabilization appliance therapy among patients with myalgia.
Clin Exp Dent Res 6(2):244-253

Raphael KG, Marbach JJ (2001) Widespread pain and the
effectiveness of oral splints in myofascial face pain. ] Am Dent
Assoc 132(3):305-316

Magdaleno F, Ginestal E (2010) Side effects of stabilization
occlusal splints: a report of three cases and literature review.
CRANIO® 28(2):128-135

Gagnon Y, Mayer P, Morisson F, Rompré PH, Lavigne GJ
(2004) Aggravation of respiratory disturbances using an
occlusal splint in apneic patients: a pilot study. Int J Prosthodont
17(4):8

Nikolopoulou M, Naeije M, Aarab G, Hamburger HL, Visscher
CM, Lobbezoo F (2011) The effect of raising the bite without
mandibular protrusion on obstructive sleep apnoea: THE EFFECT
OF RAISING THE BITE ON OSA. J Oral Rehabil 38(9):643-647
Nikolopoulou M, Ahlberg J, Visscher C, Hamburger H, Naeije
M, Lobbezoo F (2013) Effects of occlusal stabilization splints on
obstructive sleep apnea: a randomized controlled trial. J Orofac
Pain 27(3):199-205

Hans MG, Nelson S, Luks VG, d Lorkovich P, Baek SJ (1997)
Comparison of two dental devices for treatment of obstructive
sleep apnea syndrome (OSAS). Am J Orthod Dentofac Orthop
111(5):562-570

Azusa K, Amrittej V, Robert M (2019) Respiratory effect associ-
ated with use of occlusal orthotics in temporomandibular disorder
patients. [JOMS 18(1):101-109

Guo Y-n, Cui S-j, Zhou Y-h, Wang X-d (2021) An overview of
anterior repositioning splint therapy for disc displacement-related
temporomandibular disorders. Curr Med Sci 41(3):626-634
Conti PCR, Miranda JES, Conti ACCF, Pegoraro LF, dos de
Aratjo CRP (2005) Partial time use of anterior repositioning
splints in the management of TMJ pain and dysfunction: a one-
year controlled study. J Appl Oral Sci 13(4):345-350

Simmons HC, Gibbs SJ (1995) Recapture of temporomandibular
joint disks using anterior repositioning appliances: an MRI study.
CRANIO® 13(4):227-237

Tallents RH, Katzberg RW, Macher DJ, Roberts CA (1990) Use
of protrusive splint therapy in anterior disk displacement of the
temporomandibular joint: a 1- to 3-year follow-up. J Prosthet Dent
63(3):336-341

Conti PCR, da Corréa ASN, Lauris JRP, Stuginski-Barbosa J
(2015) Management of painful temporomandibular joint clicking
with different intraoral devices and counseling: a controlled study.
J Appl Oral Sci 23(5):529-535

Liu MQ, Lei J, Han JH, Yap AUJ, Fu KY (2017) Metrical analy-
sis of disc-condyle relation with different splint treatment posi-
tions in patients with TMJ disc displacement. J Appl Oral Sci
25(5):483-489

Simmons HC III, Gibbs SJ (2005) Anterior repositioning appli-
ance therapy for TMJ disorders: specific symptoms relieved and
relationship to disk status on MRI. CRANIO® 23(2):89-99
LeiJ, Yap AU-J, Liu M, Fu K (2019) Condylar repair, and regen-
eration in adolescents/young adults with early-stage degenerative
temporomandibular joint disease: a randomised controlled study.
J Oral Rehabil. https://doi.org/10.1111/joor.12805

Naeije M, te Veldhuis AH, te Veldhuis EC, Visscher CM, Lob-
bezoo F (2013) Disc displacement within the human temporoman-
dibular joint: a systematic review of a ‘noisy annoyance.’ J Oral
Rehabil 40(2):139-158

@ Springer

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Stapelmann H, Tiirp JC (2008) The NTI-tss device for the therapy
of bruxism, temporomandibular disorders, and headache — Where
do we stand? A qualitative systematic review of the literature.
BMC Oral Health 8(1):22

Baad-Hansen L, Jadidi F, Castrillon E, Thomsen PB, Svensson
P (2007) Effect of a nociceptive trigeminal inhibitory splint on
electromyographic activity in jaw closing muscles during sleep. J
Oral Rehabil 34(2):105-111

Lukic N, Saxer T, Hou M, Zumbrunn Wojczynska A, Gallo LM,
Colombo V (2021) Short-term effects of NTI-tss and Michigan
splint on nocturnal jaw muscle activity: a pilot study. Clin Exp
Dent Res 7(3):323-330

Hasanoglu Erbasar GN, Alpaslan C, Eroglu IG (2017) Can an
NTI-tss device be effective as a first-line therapy in patients with
TMD myofascial pain? J Oral Rehabil 44(8):589-593

Jokstad A, Mo A, Krogstad BS (2005) Clinical comparison
between two different splint designs for temporomandibular dis-
order therapy. Acta Odontol Scand 63(4):218-226

Bruno MAD, Krymchantowski AV (2018) Amitriptyline, and
intraoral devices for migraine prevention: a randomized compara-
tive trial. Arq Neuro Psiquiatr 76(4):213-218

Blumenfeld AM, Boyd JP (2022) Adjunctive treatment of chronic
migraine using an oral dental device: overview and results of a
randomized placebo-controlled crossover study. BMC Neurol
22(1):72

Jokstad A (2009) The NTI-tss device may be used successfully in
the management of bruxism and TMD: question: Is the NTI-tss
device effective in the treatment of temporomandibular disorders
and bruxism? Evid Based Dent 10(1):23-23

Bhargava D (ed) (2021) Temporomandibular joint disorders: prin-
ciples and current practice. Singapore, Springer Singapore. https://
doi.org/10.1007/978-981-16-2754-5

Al Quran FAM, Lyons MF (1999) The immediate effect of hard
and soft splints on the EMG activity of the masseter and tempo-
ralis muscles. J Oral Rehabil 26(7):559-563

Zhang L, Xu L, Wu D, Yu C, Fan S, Cai B (2021) Effectiveness
of exercise therapy versus occlusal splint therapy for the treatment
of painful temporomandibular disorders: a systematic review and
meta-analysis. Ann Palliat Med 10(6):6122-6132
Santacatterina A, Paoli M, Peretta R, Bambace A, Beltrame A
(1998) A comparison between horizontal splint and reposition-
ing splint in the treatment of ‘disc dislocation with reduction’.
Literature meta-analysis. J Oral Rehabil 25(2):81-88

Lee HS, Baek HS, Song DS, Kim HC, Kim HG, Kim BJ, Kim
MS, Shin SH, Jung SH, Kim CH (2013) Effect of simultaneous
therapy of arthrocentesis and occlusal splints on temporoman-
dibular disorders: anterior disc displacement without reduction. J
Korean Assoc Oral Maxillofac Surg 39(1):14-20. https://doi.org/
10.5125/jkaoms.2013.39.1.14

Bhargava D, Bhambal A, Dhingra A (2021) Incidence of tempo-
romandibular joint pathology and disorders. In: Bhargava D (ed)
Temporomandibular joint disorders. Springer, Singapore. https://
doi.org/10.1007/978-981-16-2754-5_4

Moturi K (2021) Internal derangements of temporomandibular
joint. In: Bhargava D (ed) Temporomandibular joint disorders.
Springer, Singapore. https://doi.org/10.1007/978-981-16-2754-5_
15

Mercuri LG, Handelman CS (2020) Idiopathic condylar resorp-
tion: What should we do? Oral Maxillofac Surg Clin North Am
32(1):105-116

Okeson JP (2012) Management of temporomandibular disorders
and occlusion, 7th edn. Mosby, St. Louis

Cao J, Qian Y, Wang X (2019) About, “MRI-based determina-
tion of occlusal splint thickness for temporomandibular joint disk
derangement: a randomized controlled clinical trial” by Hegab
et al. Oral Surg Oral Med Oral Pathol Oral Radiol 128(3):342-343


https://doi.org/10.1111/joor.12805
https://doi.org/10.1007/978-981-16-2754-5
https://doi.org/10.1007/978-981-16-2754-5
https://doi.org/10.5125/jkaoms.2013.39.1.14
https://doi.org/10.5125/jkaoms.2013.39.1.14
https://doi.org/10.1007/978-981-16-2754-5_4
https://doi.org/10.1007/978-981-16-2754-5_4
https://doi.org/10.1007/978-981-16-2754-5_15
https://doi.org/10.1007/978-981-16-2754-5_15

J. Maxillofac. Oral Surg. (July—Sept 2023) 22(3):579-589

589

73.

74.

75.

76.

Hegab AF, Youssef AH, Hameed HIAA, Karam KS (2018) MRI-
based determination of occlusal splint thickness for temporoman-
dibular joint disk derangement: a randomized controlled clinical
trial. Oral Surg Oral Med Oral Pathol Oral Radiol 125(1):74-87.
https://doi.org/10.1016/j.0000.2017.09.017

Klasser GD, Greene CS (2009) Oral appliances in the manage-
ment of temporomandibular disorders. Oral Surg Oral Med Oral
Pathol Oral Radiol Endodontol 107(2):212-223

Gibreel M, Perea-Lowery L, Vallittu PK, Lassila L (2021) Char-
acterization of occlusal splint materials: CAD-CAM versus con-
ventional resins. J Mech Behav Biomed Mater 124:104813
Chang SW, Chuang CY, Li JR, Lin CY, Chiu CT (2010) Treatment
effects of maxillary flat occlusal splints for painful clicking of the
temporomandibular joint. Kaohsiung J Med Sci 26(6):299-307

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer


https://doi.org/10.1016/j.oooo.2017.09.017

	Recommendations on the Use of Oral Orthotic Occlusal Appliance Therapy for Temporomandibular Joint Disorders: Current Evidence and Clinical Practice
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and Methods
	Data from Review and Recommendations
	Stabilization Orthotic Occlusal Appliance (SA)
	Anterior Repositioning Orthotic Occlusal Appliance (ARA)
	Anterior Bite Appliance and Nociceptive Trigeminal Inhibition Tension Suppression System (NTI-tss) Appliance
	Soft Full Coverage Orthotic Occlusal Appliance
	Simultaneous Use of Oral Orthotic Occlusal Appliance with Minimally Invasive Treatment Interventions

	Results
	Key recommendations and conclusion
	References


