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Patients’ perceptions on temporomandibular disorder
treatment with hydrostatic oral splints - a pilot study
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OBJECTIVE: To evaluate temporomandibular disorder (TMD) treatment with a prefabricated, hydrostatic oral splint (HOS) based on
self-reported patient’s symptoms using a standardized questionnaire.

METHODS: Two hundred fifty-eight questionnaires from patients diagnosed with TMD and subsequently treated with HOS were
collected from two independent private practices. Based on patient’s comfort the questionnaire recorded TMD symptoms and
symptom regression. Descriptive and comparative statistics was carried out using SPSS.

RESULTS: A total of 221 questionnaires were analyzed. Patients reported TMD symptoms such as pain (93.2%), TMJ clicking (66.1%),
headache (25.8%), cervical spine disorders (23.5%), restricted mouth opening (22.6%) and tinnitus (11.8%). For most symptoms,
improvement was reported mostly after two weeks, except for tinnitus, where positive effects were usually reported after

four weeks.

CONCLUSION: HOS seem to be effective for immediate treatment of pain and other TMD symptoms. Based on the available data, a

treatment period of four weeks can be recommended.

BDJ Open (2022)8:4; https://doi.org/10.1038/s41405-022-00096-7

INTRODUCTION

Temporomandibular disorders (TMDs) imply a wide range of
clinical patterns, including temporomandibular joint dysfunction,
masticatory muscle disorders and disorders of associated struc-
tures [1, 2]. The most common symptoms range from joint and
muscle pain, headache, joint noise, limited mouth opening, facial
pain to cervical-spine disorders [3, 4]. Even otological symptoms
like tinnitus, earache, dizziness and hypo- or hyperacusis can be
related to TMDs [5]. With a prevalence between 10% and 15%,
TMDs represent the most common cause of non-tooth related
pain in the oro-facial region [6].

TMDs belong to the group of orofacial-pain conditions and
exhibits a multifactorial etiology [7, 8]. Contrary to initial
presumptions, occlusal factors play a minor role in the develop-
ment of TMDs [9]. Nevertheless, a significant number of patients
relate TMD symptoms with occlusal factors and therefore consult a
dentist or orthodontist at first when symptoms occur [10].
According to the current state of art, biological, psychological
and social factors are crucial for the pathogenesis of TMD [11].

Due to the variety of symptoms and the multifactorial etiology, a
standardized treatment concept is not available [8]. A variety of
different treatment concepts have been described, which can be
divided into invasive and non-invasive approaches. Invasive treat-
ment concepts include irreversible occlusal changes and surgical
interventions. Several publications have shown that non-invasive,
reversible approaches have advantages over invasive therapies in
terms of efficacy and risks [12, 13]. Non-invasive therapeutic

approaches include observation, counseling, occlusal splint therapy,
physical therapy, pharmacotherapy, behavioral therapy or a combi-
nation of several approaches, so-called multimodal treatment [12, 13].

Occlusal splint therapy represents the most common treatment
modality for TMDs [8]. There are several studies that postulate the
efficacy of these occlusal splints to reduce pain and other TMD
symptoms [13-17]. In particular, patients with myogenous TMDs
can have a significant benefit from occlusal splint therapy [18].
However to date, the mechanisms of action are still not
completely understood [11].

Various types of occlusal splints are used for the treatment of
TMD symptoms. While the terminology is not consistent, occlusal
splints can be divided into the following groups: non-occluding
splints, stabilization splints, prefabricated splints, anterior bite
splints and anterior repositioning splints [16]. Stabilization splints
are the type most frequently used [19].

Compared to stabilization splints, Hydrostatic oral splints (HOS)
represent a relatively new occlusal splint system. HOS are
prefabricated, splints that contain two water filled pads, con-
nected with a tube for hydrostatic balance of both temporoman-
dibular joints and disclusion of the dental arches. The main
advantage of HOS is the possibility of immediate treatment, even
in cases with limited mouth opening [20]. Furthermore, jaw and
joint position are determined and balanced by the water filled
pads. Thus, occlusal adjustment of the appliance is not required.
However, to date, there are only few studies on the treatment with
HOS and the effectiveness is currently unknown [20].

'Senior Physician, Department of Orthodontics and Dentofacial Orthopedics, University Hospital, LMU Munich, Munich, Germany. 2DMD, Private Orthodontic Practice, Erlangen,
Germany. >DMD, Private Orthodontic Practice, Potsdam, Germany. *Professor and Chair, DMD, Department of Orthodontics and Dentofacial Orthopedics, University Hospital, LMU
Munich, Munich, Germany. Assistant Physician, Department of Orthodontics and Dentofacial Orthopedics, University Hospital, LMU Munich, Munich, Germany.

HMemail: hisham.sabbagh@med.uni-muenchen.de

Received: 18 October 2021 Revised: 29 December 2021 Accepted: 11 January 2022

Published online: 05 February 2022

SPRINGER NATURE


http://crossmark.crossref.org/dialog/?doi=10.1038/s41405-022-00096-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41405-022-00096-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41405-022-00096-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41405-022-00096-7&domain=pdf
http://orcid.org/0000-0002-9535-6901
http://orcid.org/0000-0002-9535-6901
http://orcid.org/0000-0002-9535-6901
http://orcid.org/0000-0002-9535-6901
http://orcid.org/0000-0002-9535-6901
https://doi.org/10.1038/s41405-022-00096-7
mailto:hisham.sabbagh@med.uni-muenchen.de
www.nature.com/bdjopen

H. Sabbagh et al.

Therefore, the aim of this study was to evaluate an established
treatment protocol for TMD treatment with a prefabricated,
hydrostatic oral splint based on the patient's comfort using
standardized questionnaires.

MATERIAL AND METHODS

Overview

This retrospective study analyzed questionnaires collected from two
independent orthodontic practices which were completed by consecutive
patients between 2011 and 2020. Due to the retrospective design, written
informed consent was not obtained. It was ensured that the evaluation of
all data was anonymized by entering all data in a separate Excel file and by
giving each patient a randomly assigned number. Thus, reidentification of
the patient’s name was not possible. The study protocol was approved by
the Ethics Committee of the LMU University Hospital (ref. no.: 20-467 KB).

Recruitment, clinical examination and treatment

All patients who received a treatment due to TMD symptoms were
examined by an experienced clinician (A.S and A.H) with >20 years’
experience in TMD treatment. Medical history was obtained for each
patient, followed by a clinical examination and functional analysis
according to the guidelines of the German Society for Functional
Diagnostics and Therapy [21]. This analysis includes a detailed pain-
related history, palpation and auscultation of the temporomandibular joint,
palpation of the masticatory muscles, examination of lower jaw move-
ments, upper/lower jaw relationship, occlusion, joint function and mouth
opening. Patients diagnosed with TMD received treatment with a
hydrostatic oral splint (Aquasplint, Teledenta GmbH, Chemnitz, Germany;
Fig. 1a, b).

Patients of both genders with with acute, pain-related TMD or headache
(Myalgia, Myofascial pain, Arthralgia, Headache attributed to TMD) and
sufficient dental support for HOS (presence of at least two premolars per
side) were included.

Restricted mouth opening (<40 mm or less than the width of three
fingers), limitation of jaw movement or pain during jaw movement or
chewing were considered as dysfunction. Patients with chronic pain,
history of trauma or congenital syndromes were not included in the study.
Pain was regarded chronic if it was reported for >3 months [22].
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Fig. 1 Hydrostatic oral splint. A Clinically adjusted appliance. The
dental arches are discluded by the water filled pads. B Design and
components of the appliance.
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Patients were asked to wear the splint at least for ten hours per day (two
hours a day and eight hours a night) for a period of at least four weeks, as
recommended by the manufacturer [23].

Questionnaire

A standardized questionnaire, developed by Gedrange et al. was handed out
to the patient together with the HOS [24]. The patient were asked to
complete the questionnaire until the next follow-up appointment (after
6 weeks). The questionnaire was designed to provide systematic feedback to
the practitioner on the patient’s perception of treatment. The questionnaire
included the wearing period (daily, nightly, total), symptoms (pain,
temporomandibular clicking, restricted moth opening, cervical spine syn-
drome, tinnitus), symptom improvement in percent (0%, 30%, 60%, 90%,
100%) and time required for improvement (1 day, 1 weeks, 2 weeks, 3 weeks
or later) (Appendix. 1). The questionnaire was designed that only predefined
answers could be marked. In 2014, the questionnaire was extended by 4
questions to gain more detailed insight into TMD related symptoms.

Statistics

Only fully filled questionnaires from patients who completed treatment
with HOS were evaluated. Statistical analysis was performed using SPSS
statistics version 26.0 for Windows (SPSS Inc., Chicago, USA). Descriptive
statistic was carried out to describe the frequencies and Pearson’s Chi
Square test was used to determine significant differences. A p value of 0.05
was considered significant.

RESULTS

Two hundred-fifty-eight questionnaires were analyzed in the
study. Thirty-seven questionnaires were excluded, primarily
because of an incomplete, illegible, or unclear filling out of the
questionnaire. A total of 221 questionnaires remained for
evaluation, 73 (30.0%) questionnaires of the primary version and
148 (67.9%) of the extended version. The study population
consisted of 158 (71.5%) women and 39 (17.6%) men. Twenty-four
patients (10.9%) did not report gender. Results for the different
items of the questionaire are shown in Table 1 and Fig. 2.

Symptom prevalence

Regarding TMD symptoms, patients most frequently reported pain
(93.2%) followed by temporomandibular joint clicking (TMJ) click-
ing (66.1%), headaches (25.8%), cervical spine disorders (23.5%),
restricted mouth opening (22.6%) and tinnitus (11.8%). Seventeen
percent of the patients described none of these symptoms (Tab. 1).

Total and daily wearing period

Most of the patients (71.5%) wore the HOS for the recommended
time period of 4 or more weeks (Tab. 1). During the day, the splint
was mostly not used (41.2%, 0 h) or used for one or two hours
(53.0%). As recommended patients wore the splint for 8 or more
hours during the night (58.4%).

Symptom changes

Ninety percent of the patients reported an improvement of pain
symptoms. Most patients reported an improvement of pain
starting after 1 week (48.5%) most frequently rated as a 60%
reduction (33.5%) (Fig. 2a, b), whereas 9.7% of the patients did not
experience any pain improvement. About 72% of the patients
reported on an improvement of a restricted mouth opening
mostly rated as a 60% reduction of symptoms. Eighty-four percent
of patients with headache exhibited an improvement of
symptoms, mainly rated as a 30% or 60% reduction (each
28.1%). A 90% reduction of headache symptoms was reported
by 17.5% of the patients. Regarding cervical spine disorders, 69.8%
noticed a reduction of their symptoms. Half of the patients (51.9%)
experienced an improvement of tinnitus symptoms, mostly
starting after 4 weeks (41.2%). In addition, 69.0% of the patients
reported on a reduction of TMJ clicking, most frequently rated as a
60% reduction of symptoms (27.6%) (Fig. 2a, b).
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Table 1. Results of the analyzed questionnaire.
Answer %
Total wearing period <3 weeks 17.2
3 weeks 11.3
4 weeks 24.9
5 weeks 11.8
>5 weeks 34.8
Daily wearing period Oh 41.2
1h 30.8
2h 22.2
3h 3.2
>3 h 2.7
Nightly wearing period <6h 15.4
7h 26.2
8h 43
9h 10
10h 54
Pain Yes 93.2
No 6.8
Pain reduction Not at all 9.7
30% 25.2
60% 335
90% 243
100% 7.3
Time of pain reduction 1 day 13.1
1 weeks 48.5
2 weeks 223
23 weeks 16
Temporomandibular joint clicking Yes 66.1
No 33.9
Reduction of temporomandibular joint Not at all 31
clicking 30% 214
60% 27.6
90% 179
100% 2.1
Time of reduction of 1 day 7.9
temporomandibular joint clicking 1 weds 41.6
2 weeks 30.7
23 weeks 19.8
Types of symptoms Restricted mouth 226
opening
Headaches 258
Cervical spine 23.5
complaints
Tinnitus 11.8
No symptoms 16.3

In the majority of patients the improvement of all evaluated
symptoms started after one week or two weeks after starting HOS
treatment (Fig. 2a, b). By contrast, in patients with tinnitus
symptoms improvement was reported only after 4 weeks in 41.2%
of the patients.

Statistical analysis showed no significant association between
wearing duration and pain or symptom reduction, and no
significant association between gender and pain and symptom
reduction (p > 0.05).
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DISCUSSION

Discussion of results

There are only few studies on the treatment and efficacy of HOS.
Mostly case reports and descriptions of the appliance are
published [25-27]. Giannakopoulos et al. investigated the effec-
tiveness of HOS in a randomized, controlled pilot trial. However,
only 12 patients per treatment group were included. The authors
stated that HOS seemed to be effective for reducing the pain
intensity. However, sample size was too small to draw meaningful
conclusions [20].

In this study a total of 221 questionnaires from patients
undergoing TMD treatment with HOS were evaluated. With a
gender distribution of 158 women (71.5%) and 39 men (17.6%) this
study included a higher proportion of women (ratio of 4.1:1
women:men) compared to previous epidemiological studies (3:1
women:men) [28, 29]. Bueno et al. analyzed gender differences in
temporomandibular disorders in a systematic review and meta
analysis [29]. They found that women are twice as likely to develop
TMDs compared to men. To date, it is not known what predisposes
women to develop TMDs more often than men. Most likely,
hormonal differences, cultural and social factors, higher levels of
occupational stress, and differences in pain perception may be
possible causes [30-32]. Although the study included more women
than men with a TMD symptomatology, no significant differences
between men and women regarding the frequency of TMD
symptoms or symptom reduction were observed.

Most patients (71.5%) wore the HOS as recommended
(minimum 4 weeks). The treatment period with HOS alone should
not exceed six weeks because undesirable occlusal effects such as
over-eruption of the unopposed teeth may occur, as the HOS
covers only parts of the dentition [9]. If HOS are used for medium-
term treatment (>6 weeks), vacuum-formed retainers should be
used additionally to avoid over-eruption and adverse effects.
Nevertheless, longer wearing periods over 6 weeks are question-
able. Results of the study documented an improvement of most
symptoms already after one week or two weeks. Only tinnitus
showed an improvement only after 4 weeks in most of the cases.
Thus, the use of HOS seems at least to be effective for immediate
and short-term treatment (4-6 weeks), especially for the most
common signs and symptoms of TMDs. After the initial treatment,
reexamination and evaluation of the treatment are necessary to
decide whether the therapy should be terminated or continued.
For medium- or long-term treatment other therapeutic options
may be considered depending on the medical findings.

Pain is the most frequently reported symptom of patients
suffering from TMDs [33-35]. These findings are in line with the
study, observing self-reported pain in 93.2% of the patients. Ninety
percent of the patients treated with HOS experienced an improve-
ment of pain symptoms most frequently rated as a 60% reduction
(33.5%). Improvement of pain following TMD treatment may be
explained by reduced muscle activity and a redirection of forces
within the joint [11]. Unlike with stabilizing splints made of hard
acrylic plastic, HOS create a counterforce when the water-filled pads
are compressed by masticatory activity. These counterforces may
inhibit bruxism patterns and prevent the development of excessive
masticatory forces that could lead to pain in the joint and muscles.

In this study TMJ clicking was the second most frequently
reported symptom (66.1%), a finding in line with previous studies
[35]. Joint clicking can be disturbing for patients and cause
discomfort, but often presents without any other signs of
dysfunction or pain [34]. TMJ clicking is considered to be mainly
related to anterior disk displacement with reduction [36, 37]. In this
study, 69.0% of the patients reported on an improvement in TMJ
clicking, mostly starting after 1 week of treatment. The water-filled
pads of the HOS prevent tooth-to-tooth contact and thereby change
the position of the mandible. It is likely that change of the positions
of the temporomandibular joints and discs with HOS treatment
explains the beneficial effect with regard to TMJ clicking. Similar

SPRINGER NATURE



H. Sabbagh et al.

A 80
70
60
50
E ]
30
20
10
o
1day
11 Time of improvement of the restricted mouth opening 2.8
W Time of improvement of the headache 143
# Time of improvement of the cervical spine complaints 0
B Time of improvement of tinnitus symptoms 0

60

40

3

S

0

|

Not at all up to 30%
il Improvement of the restricted mouth opening 28 22
W Improvement of the headache 15.8 28.1
% Improvement of the cervical spine complaints 30.2 245
W Improvement of tinnitus symptoms 48.1 185

1 weeks 2 weeks >3 weeks
47.2 27.8 22.2
55.1 26.5 4.1

0 75.7 24.3
29.4 29.4 41.2

2 b n.
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222 7.4 3.7

Fig. 2 Results of the analyzed questionnaire. A Frequency of subjective symptom improvements with regard to the time course of
treatment. B Extent of subjective symptom improvement for the different symptoms.

effects have already been observed using other types of occlusal
splints [38]. The authors suggested that improvement of clicking
noise may be attributable to morphological changes of the disc
itself, eliminating the physical barrier for jaw translation and thus
decreasing the sound intensity of TMJ clicking.

Previous studies have shown that headache and TMDs are
comorbidities [39, 40]. In this study, headache was reported less
frequently (25.4%) than in other studies that examined patients
with TMD symptoms, showing a prevalence of headache ranging

SPRINGER NATURE

from 79.3% to 87.0% [34, 35]. It is presumed that the association of
headache and TMDs is related to common nociceptive pathways
[40]. Thus, improvement of TMD related pain may concomitantly
lead to a reduction of headaches. This mechanism may also
explain a self-reported 30% reduction of headache symptoms by
84.2% of the patients.

In previous studies the prevalence of otological symptoms of
patients with TMDs ranges between 35.8% to 82.4% [35, 41]. In
this study the observed frequency of tinnitus was substantially

BDJ Open (2022)8:4



lower (11.8%). Association between TMDs and tinnitus is explained
by the close anatomical and functional connections of the
somatosensory system of the head and the auditory system in
the extended spinal chord [42]. It has been shown that TMD
treatment can contribute to a reduction or complete remission of
otological symptomes, although there is no sufficient evidence for a
cause-effect relationship [5]. Several studies reported positive
effects on otological symptoms including tinnitus after conserva-
tive therapy of TMDs with occlusal splints [43-45] without being
able to provide conclusive or differentiated explanations. In this
present study, symptom improvement was reported by 51.9% of
the patients with tinnitus. In contrast to the other symptoms
investigated improvement most frequently was reported after
4 weeks of HOS treatment. Most likely not the therapy with
occlusal splints contributed to the reduction of tinnitus, but the
reduction of other TMD symptoms. In turn, the decrease of the
other symptoms occurred only after 2 weeks. Therefore, a
tretment period of four weeks can be suggested for patients
with tinnitus. However, there are various other causes for tinnitus
that are not related to TMDs. Thus, interdisciplinary investigations
should always be performed to clarify the cause.

Patients with restricced mouth opening (72.0%) reported an
improvement of their complaints mostly rated as a 60% reduction.
Pain reduction, relaxation of the associated muscles, influence on
neuromuscular activity and subsequent joint relief could have led to
the improvement [46, 47]. In contrast to other subjective symptoms
like pain and headache, the assessment of the mouth opening can
be objectified by determining the distance between incisal edges.
Although these data was collected clinically, this study only
evaluated the questionnaires and not the patients clinical data.

There is no universally applicable treatment concept for TMDs
[47]. The spectrum of symptoms, etiological and individual factors
make it difficult to standardize treatment to a high degree.
Regarding short-term treatment effects, occlusal splints seem to
be equally effective in reducing pain as other treatment options
like physical therapy, acupuncture and behavioral therapy [48].
Multimodal treatment concepts seem to be more beneficial than
single treatment approaches [8]. The investigation of the most
appropriate treatment modalities for different TMD sub-groups
represents a main target for future researches [8]. However, non-
invasive, reversible and cost-effective treatment concepts should
be prefered [49-51].

Further, prospective studies are necessary to investigate the
treatment effects of HOS, especially in comparison with other
occlusal appliances and in combination with other treatment
modalities. The main benefit of HOS is the possibility of immediate
treatment, also representing a more cost-effective and time-
effective method compared to stabilization splint therapy.

Limitations

This is a retrospective evaluation of self-reported patients
complaints associated with TMDs, documented on the basis of a
questionnaire, allowing assignment to rather broad categories of
response options. There was no control group, as the
study included patients of two private practices following a
consistent TMD therapy concept using HOS. However, results of
this retrospective analysis may give valuable advice to practi-
tioners about patients’ perceptions following treatment of TMDs
with HOS and appropriate treatment period.

Clinical functional analysis as it was performed in this study
(according to the guidelines of the German Society for Functional
Diagnostics and Therapy) is a standard method for TMD diagnosis
[8]. The Diagnostic Criteria for Temporomandibular Disorder (DC/
TMD) represents a more detailed, evidence-based tool for TMD
diagnosis. However the examination procedure is complex and
clinicians have to be trained and calibrated. Thus, this method is
rarely used in private clinics and practices, but rather in university
hospitals and specialized centers.
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CONCLUSIONS

The findings suggest that HOS can be effective for treatment of
pain and other TMD symptoms. It appears, that most beneficial
treatment effects occurred after two weeks at the latest after
starting HOS treatment, with the exception of patients with
tinnitus, in whom improvement was most commonly reported
after 4 weeks. Further studies are necessary to prospectively
investigate the efficacy of hydrostatic oral splints in comparison
with other therapeutic measures.
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