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Original Article

Application of a Systematic Protocol in the Treatment of TMDs With 
Occlusal Appliances: Effectiveness and Efficiency in a Longitudinal 
Retrospective Study With Medium-Term Follow-Up
Doria Tolevski Meshkova, Paola Di Giacomo, Fabrizio Panti, Anna D’Urso, Emanuela Serritella, Carlo Di Paolo

Objectives: This study aimed to assess effectiveness, efficiency, and feasibility 
of a systematic protocol for the choice and management of occlusal splints 
(OA) in the treatment of temporomandibular disorders (TMDs). Materials 
and Methods: A longitudinal retrospective study was conducted. Two different 
samples, G1  + G2 (337 patients), between January 2011 and January 2014, 
were selected according to inclusion and exclusion criteria. G1 was composed 
of patients visited at Policlinico Umberto I, Head-Neck Department, Sapienza 
University of Rome, Italy, and patients in G2 visited at a private structure in 
Rome. Pain records and functionality were compared before (T0) and at the end 
of therapy (T1). A follow-up group, composed of 100 patients randomly selected 
among those who completed treatment for at least 1  year (T2), was analyzed 
and symptomatology records were compared. Descriptive statistical analysis was 
performed. Results: In the entire sample, joint and muscular pain, joint noises 
and mandibular functionality, headache, and neck pain improved from T0 to T2. 
The average time for articular and muscular recovery was 6.4 months. Comparing 
treatment outcomes, there were not statistically significant differences between 
the two groups. Conclusions: Treatment outcomes using this setting of protocol 
showed a positive trend also in the medium term. The use of a systematic protocol 
seems to reduce operator-dependent factors.
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IntroductIon

T   emporomandibular disorders (TMDs) are a  
  heterogeneous group of skeletal, articular, and 

neuromuscular conditions involving masticatory 
muscles, temporomandibular joint, and associated 
structures.[1]

TMDs are the most common cause of orofacial pain of 
nonodontogenic origin and the second most common 
musculoskeletal condition of pain and disability after 
chronic low-back pain.[2]

These disorders are well established for what concerning 
the scientific classification and from a diagnostic point 
of view.[3] Recommended treatments are conservative 

and occlusal splints are the most common therapy 
among these.[4]

Occlusal splints are the most common therapy among 
conservative treatments.[5]

There are a huge variety of occlusal devices used for the 
most disparate indications and there is a consequent 
confusion on the actual effectiveness of each  
appliance.[6]
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Almost all current scientific guidelines suggest 
conservative treatments, planned on the basis of a 
specific clinical diagnosis.[7]

The authors of this study have been applying for years 
a treatment protocol for the use of occlusal appliances, 
based on what observed during the diagnostic process 
and on a customized management, in relation to the 
characteristics of the patient and the type of pathology. 
This protocol has been revised and updated over 
time on the basis of new literature indications and 
on the presence of the new Diagnostic Criteria for 
Temporomandibular Disorders criteria (DC/TMD)[3] 
instead of Research Diagnostic Criteria for TMD.

A longitudinal retrospective study was performed on a 
large and selected sample with the purpose to evaluate 
the medium long-term effectiveness and efficiency 
of this protocol, in response to the need to help the 
specialist to deal with the care of dysfunctional patients 
(adults and growing) with clarity and predictability. 
Clinical outcomes emerging from the research were 
examined using descriptive statistical analysis. 
Chi-squared test was performed with the purpose to 
compare results stemming from two different samples 

(one public and the other private) in order to evaluate if  
the protocol was feasible for any clinician. The research 
was not intended to compare different types of patients/
therapies because it was not a case–control study.

Other types of conservative treatments for TMDs such 
as physical rehabilitation or pharmacologic treatments 
were not considered in order not to create misleading 
factors. However, it is clear that normally occlusal 
splints are applied along with other conservative 
therapies (such as those mentioned earlier).

MAterIAls And Methods

Study design

This longitudinal retrospective study was conducted 
over a period of 1  year (May 2017 to May 2018)  on 
individuals with TMDs treated at the Head-Neck 
Department, Sapienza University of Rome, Italy, and 
at a private dental structure in Rome between January 
2011 and January 2014.

The research was approved by the Institutional Human 
Ethics Committee, Sapienza University of Rome 
(Protocol No. 349).

Figure 1: Flow of patients through the study
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Inclusion and exclusion criteria and the flow of patients 
through the study are indicated in Figure 1.

Sample size was calculated using Cochran’s statistical 
formula at 95% confidence interval:

n
n0

n0
=

+ −1 1[( ) / ]N

The sample composed of 337 patients was representative 
of the screened TMD population (n = 275 is the 
minimum sample size required N = 949 is the screened 
TMD population).

The first group of patients (G1), selected at Policlinico 
Umberto I, Gnathologic Division, Sapienza University 
of Rome, was approached by various calibrated 

operators. The second one (G2), selected at a private 
specialized structure in Rome, was visited by a single 
expert clinician. The rationale was to verify the 
applicability of the treatment protocol by any operator. 
In order to avoid selection bias, both groups were 
homogenous by age, gender, and pathology.

Subjects eligible for the study had provided signed 
informed consent, according to the World Medical 
Association’s Declaration of Helsinki.

In order to evaluate the results in the medium term, a 
sample of 100 patients (GF: Follow-Up Group) was 
selected among those who had completed treatment for 
at least 1 year. Fifty patients of G1 and 50 patients of 
G2 were selected by simple random sampling using a 

Figure 2: Data evaluated in medical records
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randomization software STATA (StataCorp, College 
Station, TX).

Medical records of the patients belonging to the 
selected samples were examined by a single operator, 
which had no direct relationship either with the public 
or private structure [Figure 2]. This researcher did not 
know which participants belonged to groups G1 or G2.

TreaTmenT proTocol

Patients of this study were treated with occlusal splints, 
according to the diagnosis and the characteristics of the 
patient, as indicated by the literature and guidelines of 
Sapienza School of Gnathology [Figures 3 and 4].[7-10]

These occlusal devices [Figure 3] are indicated also toward 
TMD comorbidities such as headache and neck pain.[8-10]

Among the alternatives indicated by the scientific 
literature, on the basis of studies conducted over time, 
Michigan splint for muscular dysfunctions, DI.TRA, 
and RA.DI.CA for articular ones were chosen.

The management protocol included preparatory and 
progressive phases that modified the duration of daily 
application of the occlusal splints up to a minimum 
use, no later than 12 months.

In order to allow an individualized management, other 
criteria were considered [Figure 4].

Figure 3: Flowchart for the choice of the occlusal splints, according to diagnosis



376 Journal of International Society of Preventive and Community Dentistry ¦ Volume 9 ¦ Issue 4 ¦ July-August 2019

Tolevski Meshkova, et al.: Systematic protocol with occlusal appliances

DaTa collecTion

Data regarding symptomatology, both algic and 
functional, were compared before (T0), at the end of 
therapy (T1), and during the follow-up.

The quantitative data concerning the results at the end 
of therapy (T1) and during the follow-up (T2), moreover, 
were translated into a qualitative measure [Figure 5].

STaTiSTical analySiS

Statistical software STATA was used for data analysis. 
Descriptive statistical analysis was performed. Percentage, 
average, median, mode, standard deviation, minimum, and 
maximum value of each collected data were performed.

Chi-squared test was performed in order to compare 
general treatment outcomes of the two groups, with 
a level of statistical significance α = 0.05, 3 degrees of 
freedom. Confidence intervals were set at 95%.

results

Only the most significant results are reported.

Results concerning personal data, type of DC/TMD 
disorder, and type of splint are shown in Table 1.

Effectiveness: treatment outcomes in G1 and G2 at 
T0, T1, and T2
Joint pain: At T1, the category mild pain (0–20 verbal 
numeric scale (VNS)) was prevalent; 80% (270) of 

patients, of whom 74% (248 patients) reported total 
absence of pain and 6% (22 patients) reported it as 
discomfort. At T2, the category mild pain (0–20 VNS) 
was predominant for 90% (69) of patients.

Muscular pain: At T1, the category mild pain (0–20 VNS) 
was prevalent; 75% (253) of patients, of whom 65% (219 
patients) reported total absence and 10% (34 patients) 
reported it as discomfort. At T2, the category mild pain 
(0–20 VNS) was predominant for 90% (69) of patients.

Comorbidities improved but with results less significant.

The comparison of data obtained at T0, T1, and T2 showed 
a marked positive change, in terms of both quantitative 
and qualitative evaluations, not only concerning algic 
symptomatology but also functionality (improvement in 
mouth opening and reduction of joint noises).

Joint noises: At T0, joint noises compatible with disc 
dislocation with reduction were present in 39% (131) of 
the patients, of which 14% (47) were episodic and 25% 
(84) were chronic.

At T1, joint noises were reported by 17% (57) of patients; 
10% (33) were intermittent and 7% (24) were constant. 
In GF at T2, joint noises were present in 12% (10) of 
patients; 6% (5) were intermittent and 6% (5) were 
constant.

Figure 4: Additional criteria for clinical management
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Mouth opening: At T0, a mouth opening less than 
40 mm was present in 18% (62). At T1 and T2, a 
mouth opening less than 40 mm was present in 9% of  
patients.

The follow-up records showed a stability of treatment 
outcomes in the medium term (68% of patients) and 
a progressive positive change (20%). The worsening of 
13% patients in T2 was not “absolute” as compared to 
T1 results [Figures 6–11].

efficiency: duraTion of TreaTmenTS

The mean duration of therapy was 12 months (G1 + G2), 
with 15 months in G1 and 8 months in G2. The parameter 
that improved faster was the opening of the mouth. 
Average recovery time was 3.8  ± 1.2  months. Average 
recovery time of articular and muscular structures was 
6.4 ± 1.8 months. For neck pain, it was 8.1 ± 2.0 months 
and for headache it was 9.6 ± 2.4 months.

feaSibiliTy: comparaTion of TreaTmenT ouTcomeS beTween 
G1 and G2 (General SympTomaToloGy)
The statistical analysis showed no significant differences 
between treatment outcomes of the two groups 
(χ2 = 0.1087146).

dIscussIon

Occlusal splints are the most common therapy among 
conservative treatments, and they share common 
therapeutic principles, such as reduction of joint 
load, muscle rest, and normalization of mandibular 
movements.[5,11] However, there are no clearly defined 
guidelines in terms of choice and applied methods of 
occlusal devices in scientific literature. A  recent meta-
analysis conducted by Kuzmanovic Pficer[12] examined 
several studies performed on occlusal splints over the 
years. Comparing their methodologies and results with 
those of the current research, with a few constraints, it 
has been possible to make the following considerations. 
In the studies taken into account, only stabilization 
splint (SS) has been administered, which is one of the 
favorite therapies for TMD. SS was applied to all patients 
regardless of the pathology. Research studies using the 
same evaluation scales (such as VNS or visual analog 
scale) of the study were evaluated. Such studies showed 
an improvement of the algic symptomatology records 
and turned out superimposable to ours, but far the 
following: samples were modest and the improvement 
was shown especially in the short term. Moreover, as 
mentioned in the meta-analysis, there were no specific 
indications on the kind of symptoms (such as joint pain 
or muscular pain) that has actually improved and the rate 
of improvement. Being the samples nonhomogeneous, 
it has not been possible to always evaluate the type of 
(patient and) pathology benefiting from this type of 
occlusal splint (SS). Positive results could be due to 
the fact that the type of patients most often sampled is 
the one having neuromuscular disorders, which usually 
benefits from the SSs. Furthermore, the mean duration 
of treatments and the mandibular functionality 
(reduction/absence of joint noises and quality of 
the mandibular movement) after therapy, except for 
maximum mouth opening, were not evaluated; only 
in a few articles was the action of splints on the main 
comorbidities (headache/neck pain) assessed. Joint 

Table 1: Personal data, type of DC/TMD disorder, and type of splint
Personal data Female 83% (281 patients); male 17% (56 patients). The average age was 37.16 years
Type of DC/TMD disorder Disc dislocation with reduction 31% (104)

Myalgia 30% (102)
Disc dislocation without reduction with limited mouth opening 13% (44)
Degenerative diseases 13% (44)
Arthralgia 7% (24)
Disc dislocation without reduction without limited opening 6% (19)

Type of splint DI.TRA 74% (251)
DI.TRA AND RA.DI.CA 12% (40)
RA.DI.CA 9% (29)
MICHIGAN SPLINT 5% (17)

Figure 5: Qualitative measures
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pain and disorders should be assessed and treated in a 
targeted way, according to the rationale of this study. 
However, there is no analysis of patients with joint 
dysfunction and treated with specific OA, with a medium 
long-term follow-up, in scientific literature. The use of 
specific splint types for joint disorders (disc dislocation 
with or without reduction) is hardly considered in the 

literature, except for the study by Greene and Menchel,[7] 
Madani and Mirmortazavi,[13] and Williamson.[14,15] The 
last ones reported a consistent improvement of pain 
(81%) and a reduction of joint noises, using anterior 
repositioning splints for disc dislocation with reduction, 
but the sample was small and there was not a follow-up  
group.[13,14,16]

Figure 7: Patients with muscular pain (%) for each VNS category

Figure 6: Patients with joint pain (%) for each VNS category
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Moreover, not all these studies follow a diagnostic 
classification, scientifically validated (such as DC/
TMD), and there is no “specificity” of therapy as to 
patient and pathology. In fact, there are no “systematic” 

therapies and it appears to be the tendency to look an 
“all-in-one” device for all pathologies and patients, 
creating a “therapeutic funnel,” except for the studies 
mentioned earlier and our previous studies.[7-10,13,14] 

Figure 9: Patients with neck pain (%) for each VNS category

Figure 8: Patients with headache (%) for each VNS category
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Furthermore, scientific literature does not give any 
indications on splint management, and the authors of 
this study believe it should be customized and consider 
any specific clinical condition.

In light at the foregoing, it is high time a systematic protocol 
was used, having regard to the positive trend of results in all 
parameters analyzed by this study (efficacy and efficiency) 

and the feasibility of the procedure, which starting from 
the diagnosis allows to give around to the choice and the 
subsequent management of the most appropriate occlusal 
appliance for the specific clinical condition.

Our indications on the type of splint (DI.TRA/RA.DI.
CA rather than Farrar Splint or MFDA for example) 
are not rigid, but they derive from the integration 

Figure 11: Patients with general symptomatology (%) for each VNS category

Figure 10: Patients with mandibular functionality (%) for each VNS category
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of scientific literature with our clinical experience. 
However, the authors maintain that for each type of 
disorder there is a different category of splint (flat 
plane splint/repositioning splint, distant splint), which 
should be kept into consideration for a therapy to be 
effective and efficient also in the medium-long term. 
This position differs from what emerges in the study in 
which the positive results are basically recorded in the 
short term.[12]

However, the authors suggest that an accurate choice of 
oral devices is not enough to guarantee any therapeutical 
effectiveness, in the event that there are no correct 
management protocol for treatment of patients and their 
specific condition. A correct management is also highly 
advisable to avoid any complications secondary to splint 
therapy such as those resulting from any prolonged use. 
Also in line with other studies, our study revealed lower 
trend of occlusal modification due to the progressive 
reduction of the use of the splint.[13,17,18]

In addition, the authors recommend tailor-made 
laboratory techniques for the construction of the splint 
and tailor-made instructions in management with specific 
and sequential phases for the whole care span.[19-21]

The validity of protocol was also assessed as to its 
feasibility. Therefore, by comparing homogeneous 
samples stemming from two different structures, the 
authors made an appraisal of the aforesaid model of 
treatment and their applicability by any operator. The 
results were overlapping and not statistically relevant. 
This implies that the proposed protocol leads to results 
depending on the operator to a limited extent, in terms 
of effectiveness of therapy. The only discrepancy, 
actually significant, between the two groups was the 
different therapy lapse (efficiency). This is due to a 
likely greater efficiency of the single operator and/or 
to a greater difficulty in managing appointments in the 
public structure.

Finally, it is evaluated whether occlusal appliances may 
be an effective treatment modality for some TMDs due 
to their potential to serve as an elaborate placebo, more 
than any specific therapeutic mechanism.

limiTaTion of The STudy

A limitation of this study was that the protocol only 
contemplates selected occlusal devices and does not 
concern all type of splints.

fuTure Scope

The authors aimed to conduct also a long-term 
follow-up study in order to assess the stability of TMD 
treatments over time and to compare splint therapy 
outcomes with those of other conservative treatments.[22]

conclusIons

In light of the aforementioned observations, we believe 
that this setting of protocol, together with an adequate 
choice and management of the occlusal appliances, 
proved to be well effective and quite efficient, less 
operator dependent, and integrated with indications of 
literature.

It is highly advisable that, as for the diagnosis, specific 
therapeutical guidelines are developed based on 
current knowledge and on critical evaluation of short-, 
medium-, and long-term clinical results of conservative 
protocols, so that the care of dysfunctional patients 
(adults and growing) could be predictable.
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