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Abstract
Background. Treatment options in cases of temporomandibular disorders (TMD) include occlusal adjustment, drug ther-

apy, occlusal splint therapy, physiotherapy, reassurance, or even surgical in-terventions or combined treatments. Occlusal 
splints represent a removable artificial device applied on the occlusal surface, used either for diagnosis or for treatment, in 
order to alter the relationship of the mandible to the upper jaw. It is widely accepted that occlusal splints provide occlusal 
disen-gagement, masticatory muscle relaxation, unloading and repositioning of the temporomandibular joints (TMJ), and 
modification of the vertical dimension of occlusion (VDO). As TMD exhibits muscular symptoms, a correct redistribution of 
occlusal forces through the occlusal appliances will produce muscle relaxation, in different areas; splint therapy produces a 
complete disengagement of the arches, eliminating interferences and premature contacts, and this will improve motor activity 
and overall muscle tone, improving sports performance.

Aims. The purpose of this study was that, indicated according to the diagnosis, each type of occlusal splint can be effective 
in reducing the symptoms of TMD.

Methods. This retrospective observational study included 41 patients, examined, diagnosed and treated between 2018 
and 2019. The data was collected from the medical charts. All the sub-jects were diagnosed with either intraarticular TMD 
or extraarticular TMD and distributed in one out of three groups – for each group of subjects a different occlusal splint was 
indicated – Michigan splint, a hydrostatic    appliance and Jeanmonod anterior bite plane.

Results. The results confirmed the hypothesis, as all three occlusal appliances were effec-tive, but with no significant dif-
ference among the three groups of subjects. In other words, each splint used in the therapy accomplished its purpose, but the 
statistical analysis revealed no signifi-cant difference between each splint’s capabilities of treatment as long they are indicated 
according to the type of TMD.

Conclusions. Taking into consideration the limitations of this study we can conclude that, if indicated correctly, splint 
therapy is an effective method to reduce the specific symptoms encoun-tered in patients with TMD. 
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Introduction
Patients complaining of temporomandibular joint 

(TMJ) pain are often misdiagnosed, and the   proper type of 
temporomandibular disorder (TMD) should be considered. 
Common clinical symptoms which can lead to a correct 
assessment for those types of disorders are represented by 
joint sounds (clicking, grating), limitations or asymmetrical 
jaw movement, all having a negative effect on the patient’s 
quality of life (Alqutaibi & Aboalrejal, 2015).

TMD are classified into articular disorders 
(intraarticular) and masticatory muscle disorders   

(extraarticular). Among intraarticular disorders, the most 
common are either inflammatory joint disorders (capsulitis, 
synovitis, arthritis) or disc displacement disorders with 
or without reduction. Among extraarticular disorders, 
myofascial pain disorder, myospasm or myofibrotic 
contracture are often encountered in clinical practice (De 
Leeuw & Klasser, 2013; Schiffman et al., 2014).

Patients with temporomandibular dysfunction exhibit 
muscular symptoms as well. In these cases, the symptoms 
will be localized in the masticatory muscles, but may have 
distant repercussions in cervical, neck, paravertebral, 
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upper and lower limb muscles, influencing posture. This 
will particularly influence sports performance (Dias et al., 
2019; Maurer et al., 2018).

Treatment options in cases of TMD include occlusal 
adjustment, drug therapy, occlusal splint therapy, 
physiotherapy (ultrasound, acupuncture, laser therapy, 
TENS, etc.), reassurance (self-care and behavioral 
therapy, including patient’s education), or even surgical 
interventions or combined treatments (Alqutaibi & 
Aboalrejal, 2015).

Occlusal splints represent a removable artificial device 
applied on the occlusal surface, used either for diagnosis 
or for treatment, in order to alter the relationship of the 
mandible to the upper jaw.   Occlusal appliances can be 
used for occlusal stabilization, to prevent dental wear or 
as a treatment in case of a temporomandibular disorder 
(Deshpande & Mhatre, 2010). 

TMD can be caused by dental malocclusions; splint 
therapy produces a complete disengagement of the arches, 
eliminating interferences and premature contacts. As a 
result, the correct redistribution of occlusal forces through 
the occlusal appliances will produce muscle relaxation, 
on multiple levels, and thus will improve motor activity 
and overall muscle tone (Leroux et al., 2018; Militi et al., 
2020).

The use of occlusal splints in sports is frequent, as those 
appliances are known to influence motor performance, 
by increasing upper body isometric exercises (Dias et 
al., 2018). Also, it seems that splints may improve the 
neuromuscular dynamics in the case of athletes (D’Ermes 
et al., 2012). 

Although the mechanism of action for occlusal splints is 
not completely understood, it is accepted that they provide 
occlusal disengagement, masticatory muscle relaxation, 
unloading and repositioning of TMJs, and modification 
of the vertical dimension of occlusion (VDO) (Okeson, 
2012).

The literature reported several types and designs of 
occlusal splints with different mechanisms of action. 

Michigan splint (flat plane stabilization appliance) is 
one of the most commonly used occlusal appliances. It is 
usually fabricated for the maxillary arch, and according 
to the American Academy of Orofacial Pain guidelines, 
this splint “provides joint stabilization, protects the teeth, 
redistributes occlusal forces, relaxes the elevator muscles, 
and decreases bruxism” (De Leeuw & Klasser, 2013; Al-
Ani, 2005; Nishigawa, 2012; Naikmasur et al., 2008).

Hydrostatic appliance (Aqualizer®), which was 
originally designed by Lerman, is a bilateral water-filled 
plastic chamber attached to an acrylic palatal appliance, 
which allows the posterior teeth to occlude with water-
filled chambers. Those water-filled chambers are positioned 
on the lateral teeth. This splint allows the mandible to find 
its ideal position, without being guided by the appliance 
itself (self-   adjusting splint) (Sung-Wen, 2010; Klasser & 
Greene, 2009). This hydrostatic appliance is also indicated 
in case of orthodontic triggered muscle pain, pre-surgical 
differential diagnosis, post-surgical pain and in case of 
inflammation (Srivastava et al., 2012).

Anterior deprogrammer (Lucia jig, Jeanmonod 
anterior bite plane, NTI, etc.) is another type of   occlusal 

splint. For example, Jeanmonod anterior bite plane is used 
to reduce the hyperactivity of masticatory muscles. It is 
designed as a palatal-coverage horseshoe shape with an 
occlusal table covering the 6 maxillary anterior teeth, and 
it has the ability to prevent clenching, as the posterior teeth 
will no longer be engaged in functional or parafunctional 
activities. The result is muscle relaxation (Jeanmonod, 
1998; Klasser & Greene, 2009).

Hypothesis
As TMD symptoms often have the same pattern for 

different patients, some practitioners tend to apply the 
same approach regardless of the type of disorder; when, 
in fact, identical symptoms may need different treatment 
plans, according to etiology and individual circumstances. 
The hypothesis of this study was that, indicated according 
to diagnosis, each type of splint can be effective.

The aim of this study was to evaluate the effectiveness 
of three different types of occlusal splints and to assess any 
differences in their therapeutic effect.

Material and methods
Research protocol
The study was approved by the Ethics Committee of the 

“Iuliu Hatieganu” University of Medicine and Pharmacy in 
Cluj-Napoca. Participants were fully informed about the 
examination and treatment procedures, care, and follow-
up. Before starting the splint therapy, each patient signed an 
informed consent form, in accordance with the Declaration 
of Helsinki. 

a) Period and place of the research
This retrospective observational study was conducted 

in collaboration with a private clinic in Cluj-Napoca, 
Romania, between January 2018 and May 2019. The data 
was collected from the medical charts. All the patients were 
diagnosed with either intraarticular TMD (inflammatory 
disorder) or extraarticular TMD (masticatory muscle 
disorder). Intraarticular TMD is associated with TMJ 
inflammation and pain, or with disc displacement with or 
without reduction.

b) Subjects and groups
This study included 41 patients. All subjects met the 

following criteria: (1) the symptoms met the diagnosis of 
TMD as defined in “The Research Diagnostic Criteria for 
Temporomandibular Disorders”; (2) all the patients had 
an axiography (performed with Cadiax Compact 2 as a 
paraclinical examination; (3) no arthritis changes in the 
condylar head/genial tubercle visible on panoramic X-ray; 
(4) no more than two posterior teeth missing (without 
taking into consideration the third molar); (5) compliant 
patient during the implementation and the follow-up of 
the treatment plan; (6) before the splint therapy, no other 
therapy, specific treatment or medication for TMD was 
applied.  

In order to establish a complete diagnosis, each patient 
underwent a clinical examination (history taking, chief 
complaint, extraoral and intraoral evaluation, examination 
of masticatory muscles and TMJ, occlusal examination) 
and paraclinical examinations (panoramic X-ray and 
axiography using Cadiax Compact). Each examination 
was performed by the same physician with over 20 years 
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of experience in the field. In order to assess the severity 
of pain in the masticatory muscles and temporomandibular 
joint, a   visual analogue scale was used (VAS) (0-100), 
which is considered to be a reliable method (Chang et al., 
2010).

c) Tests applied
For the patients included in this study, three types of 

occlusal splints were used. Michigan splint was used for 
patients diagnosed with intraarticular disorders associated 
with disc displacement with or without reduction (DDwR 
and DDwoR). Jeanmonod anterior bite plane was applied 
to patients diagnosed with TMD associated with muscle 
disorder, and a hydrostatic appliance (Aqualizer®) 
was applied to patients diagnosed with inflammatory 
intraarticular disorders. 

After examination and establishment of diagnosis, a 
full-mouth impression was performed, associated with 
a centric relation record and face bow registration, in 
order to mount each patient’s casts into a semi-adjustable 
articulator. The technician manufactured the splint for 
each patient (Michigan Splint and Jeanmonod anterior bite 
plane) (Figs.1 and 2).

Fig. 1 – Michigan splint applied on the mandibular arch.

Fig. 2 – Jeanmonod anterior bite plane.

Fig. 3 – Hydrostatic appliance (Aqualizer)®.

The intraoral adjustments for the Michigan splint 
implied multiple contact points in centric relation and 
anterior guidance which allowed disocclusion in posterior 
areas during both protrusive and lateral movements. For 
the Jeanmonod anterior bite plane the adjustment implied 
contacts in centric relation only with the lower anterior 
teeth and no posterior interferences during eccentric 
mandibular movements.

The occlusal appliances underwent finishing and 
polishing, and the patients were asked to wear the splint 
according to the indications.

For Aqualizer® the model selected was Ultra and the 
size (low, medium, high) was chosen according to patient’s 
Angle class and VDO (Fig. 3).

Each patient was reexamined after 7 days of wearing 
the respective splints, in order to evaluate the symptoms 
and occlusal contacts. Adjustments were performed weekly 
during 3 months.

The criteria for assessing the success of each splint 
were the improvement or disappearing of the symptoms. If 
the symptoms were not reduced or they even aggravated, 
while the splint was correctly   adjusted, then either the 
diagnosis was incorrect or the TMD was secondary to 
another disease. Our study assessed symptoms 3 months 
after splint application.

d) Statistical processing
All the information received was gathered into an Excel 

document and the data was statistically analyzed using IBM 
SPSS software. Descriptive analysis was performed, and 
for the evaluation of the efficiency of each occlusal splint 
compared with another, Fisher’s exact test was applied. 

Results
Before treatment
The most frequent symptoms found during examination 

were muscle pain, TMJ pain, and TMJ noises when opening 
and closing the mouth, as described in Table I. Masseter 
and temporal muscle pain was the most frequent symptom 
(in 26.8% of cases, 29.2% respectively). Muscular 
hypertonicity and hypotonicity were also observed, but in 
a lower percentage (9.6%).

Table I
Distribution of patients based on symptoms.

Symptom Number of 
subjects Total

Pain in the masseter muscle 11 (26.8%)

41

Pain in the temporal muscle 12 (29.2%)
Pain in the lateral pterygoid muscle 10 (24.3%)
Pain in the medial pterygoid muscle 12 (29.2%)
Pain on TMJ palpation 11 (26.8%)
TMJ pain during mouth opening/closing 12 (29.2%)
TMJ pain during anterior guidance 5 (12.1%)
TMJ pain during lateral guidance 8 (19.5%)
Limited opening of the mouth 14(34.14%)
Joint clicking 25 (60.9%)
Lateral deviation of the chin 
during mouth opening 17 (41.2%)

Related to TMJ symptoms, pain was the most frequent 
symptom, during palpation of the joint, but also during 
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closing/opening of the mouth (29.2%), or during eccentric 
movements of the mandible (31.6%) (anterior and lateral 
guidance). Also, one of the most frequent signs observed 
during patients’ examination was lateral deviation of the 
chin during opening of the mouth (41.2%).

Out of the 41 subjects included in the study, 23 subjects 
were diagnosed with intraarticular disorder associated 
with disc displacements, 12 subjects were diagnosed with 
masticatory muscle disorder, while other 6 were diagnosed 
with inflammatory disorder (Table II).

Table II
Distribution of patients based on diagnosis and treatment.

Diagnosis No. of
subjects

Type of 
splint

Intraarticular disorder 
(DDwR/DDwoR) 23 (56.09%) Michigan 

splint
Intraarticular disorder 
(inflammation) 6 (14.6%) Hydrostatic 

splint
Extraarticular disorder 
(muscle disorder) 12 (29.2%) Jeanmonod 

splint
Total 41 (100%)

For temporomandibular disorders associated with 
disc displacements with reduction (DDwR) and without 
reduction (DDwoR), the most common signs were the 
presence of joint clicking associated or not with pain or 
limited mouth opening (34.14%). Out of 60.9% of the 
patients who exhibited joint noises, 17.1% had a clicking 
index of 1 and 2 (meaning that the click was heard either 
after the first 15 mm of opening or between 15-30 mm of 
mouth opening), and another 17.1% had a clicking index 
of 3 (clicking was heard after more than 30 mm of mouth 
opening).

After treatment 
Twenty-three subjects diagnosed with disc 

displacements with reduction (DDwR) or disc displacement 
without reduction (DDwoR) were treated with a Michigan 
splint. After 3 months of therapy with the splint, 21 patients 
(88%) reported the absence of pain, while 2 patients still 
reported pain (Fig. 4). Out of the 14 subjects with limited 
opening of the mouth, 9 (62.4%), had an improvement of 
this symptom after 3 months of splint therapy. Regarding 
the clicking sound of the temporomandibular joint, for 8 
(19.5%) subjects the intensity of clicking was reduced after 
the 3 months of therapy. 

Fig. 4 – Results for the groups of subjects treated with Michigan 
splint.  

Twelve subjects diagnosed with TMD associated with 
muscle disorders were treated with Jeanmonod anterior 
bite plane. Ten (85%) out of 12 subjects reported the 
absence of symptoms after 3 months of splint therapy, 
while 2 did not notice any improvement (Fig. 5).

Fig. 5 – Results for the groups of subjects treated with Jeanmonod 
anterior bite plane.

For the subjects diagnosed with TMD associated with 
joint inflammation, a hydrostatic splint (Aqualizer®) 
was used as a treatment. Those subjects had pain in the 
temporomandibular joint, during palpation, as well 
as during mandibular movements (closing/opening, 
protrusion, laterality).

Fig. 6 – Results for the group treated with Aqualizer®  splint

After 3 months of Aqualizer® splint treatment, 4 (67%) 
out of 6 subjects observed a remission of pain, while 1 
patient reported not being able to adapt to the splint (Fig. 6). 

Regarding the correlation of the efficiency of one splint 
over another, Fisher’s exact test was applied. The statistical 
analysis revealed values of p>0.05 (p=0.166, p=0.175, 
p=0.175 respectively). 

Discussions
The aim of this retrospective study was to evaluate 

the efficiency of three different types of occlusal splints in 
the case of patients diagnosed with TMD. In this context, 
the most common symptoms were evaluated before and 
after treatment, for each group of patients. Pain localized 
in the masticatory muscles and temporomandibular joint 
is frequent in patients suffering from TMD. Therefore, a 
correct TMD diagnosis and treatment is often difficult, 
because of the multifactorial etiology of TMD (Gauer & 
Semidey, 2015). In this observational study, each subject 
underwent complete clinical and paraclinical examination, 
in order to establish a correct diagnosis. 

Splint therapy is commonly used for patients diagnosed 
with TMD, and the large variety of occlusal appliances 
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allows practitioners to apply treatment according to the 
type of disorder (Alqutaibi & Aboalrejal, 2015). 

Several studies proved the efficiency of Michigan 
splint for patients suffering from disc displacements 
with reduction (DDwR) or disc displacements without 
reduction (DDwoR) (Ekberg et al., 1998; Nilner et al., 
2008; Doepel et al., 2012). Our retrospective study also 
highlighted the efficiency in reducing pain and a lower 
efficiency in reducing joint clicking (87% of the subjects 
included reported the absence of pain after 3 months and 
only 19.5% exhibited a decrease in the intensity of clicks). 
Flat stabilization splints, such as Michigan splint, are 
known to reduce abnormal muscular activity, to increase 
the vertical dimension of occlusion (VDO) and stabilize the 
TMJ. Therefore, they are especially used for intraarticular 
disorders, particularly associated with disc displacements 
(Al-Ani et al., 2005). 

 Also, 66% of the subjects treated with the hydrostatic 
splint (Aqualizer®) reported a remission of pain, while 
83% of the patients treated with the Jeanmonod splint 
observed the disappearance of painful symptoms in the 
masticatory muscles. 

Aqualizer® is a hydrostatic appliance with several 
indications in clinical practice, including TMJ pain, 
headache, post-surgical pain and inflammation. The water-
filled chamber optimizes, immediately after placement, 
the biomechanics and allows the muscles to automatically 
reposition the jaw. Therefore, it is also indicated for TMD 
associated with inflammation, as the relief obtained by 
using this appliance is considered essential (Srivastava et 
al., 2013). 

Jeanmonod is a type of anterior deprogrammer, which 
modifies the maxillomandibular relationship, so that 
the mandible will move to a more anterior position. It is 
indicated as a therapeutic measure in muscular disorders as 
it prevents clenching or other parafunctional activities; as a 
result, the muscle pain is reduced (Srivastava et al., 2013).

The hypothesis of this retrospective study was that, 
indicated according to diagnosis, each type of splint can 
be effective. The results confirmed the hypothesis, as 
all three occlusal appliances were effective, but with no 
significant difference among the three groups of subjects. 
In other words, each splint used in therapy accomplished 
its purpose, but statistical analysis revealed no significant 
difference between each splint’s capabilities of treatment 
as long they were indicated according to the type of TMD. 

The amount of time a splint should be worn depends 
on three factors, according to Dawson: (1) until the 
pain disappears; (2) when the joint becomes stable; (3) 
when the occlusal relationships are also stable. At the 
same time, stability of the occlusal relationships and 
temporomandibular joint is influenced by other three 
factors: eliminating the painful symptoms, examining 
centric relation and identifying any interference and 
establishing stable occlusal contacts between the splint 
and the antagonist teeth (which can be obtained after a few 
days/ or even weeks of wearing the splint) (Dawson, 2007).

Fisher’s exact test was used as the group sizes were small 
and unpaired. Statistical analysis revealed no significant 
difference regarding the type of splint. Each type of splint 
used for the subjects included in this study was efficient, 

as long as it was indicated according to the type of TMD. 
The  findings of our study are in accordance with those 
of other studies published in the literature (Gözler et al., 
2012; Yadav et al., 2011; Asbjorn et al., 2005).

However, splint therapy alone will not eliminate the 
occlusal interferences. This is why occlusal appliances 
will not treat the main cause of the temporomandibular 
disorder. In this context, a further step   after the splint 
therapy would be occlusal equilibration (Dawson, 2007).

An important aspect regarding the splint therapy is that 
the patient should follow the practitioner’s instructions 
(Klineberg & Jagger, 2004; Re et al., 2009): (1) the splint 
should be worn during the night; (2) although the splint 
will initially determine hypersalivation, this effect will 
disappear in a few hours; (3) the patient might feel that the 
splint is too tight on certain teeth, but the discomfort will 
be reduced after a while; (4) the patient must pay special 
attention to oral hygiene as the splint favors bacterial 
plaque accumulation which will lead to carious lesions and 
gingival inflammation; (5) in the case of dental restorations 
performed after the splint was applied, the appliance should 
be adjusted to the new dental morphology. 

Conclusions
1. Taking into consideration the limitations of this 

study, we can conclude that, if indicated correctly, splint 
therapy is an effective method to reduce the specific 
symptoms encountered in patients with TMD. 

2. Although efficient, this therapy should not replace 
other treatment options, such as occlusal           equilibration, 
medication, patient education, or physical therapy. 

3. Therefore, we consider that correct diagnosis and 
indicating the type of splint according to the subtype of 
TMD are very important aspects which will influence the 
overall treatment prognosis. 

4. As occlusal splints are also used in sports, they 
may influence motor performance and improve the 
neuromuscular dynamics, especially in the case of athletes. 
Further clinical studies should be conducted in this matter.
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