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Abstract 

Introduction: Gymnastic exercises exert positive effects on chronic neck pain. Growing evidence 

suggests that combining cervical spine exercises with temporomandibular joint (TMJ) relax pads, 

may enhance outcomes on pain, discomfort and functional limitations. 

Objective: To evaluate the additive effect of silicone TMJ relax pads worn in the molar region during 

cervical spine exercises on reducing neck pain and improving function. Methods: 52 sedentary 

middle-aged to older adults working on video display unit (VDU) workstations were randomly 

assigned to two groups. Both groups performed a specific cervical spine exercise program (3x 

3min/day) for three months. One group used bilateral TMJ relax pads during the sessions (EX-RP); 

the control group exercised without pads (EX). Neck pain intensity was assessed using a one-week 

pain protocol prior and after a six-week intervention. Functional assessments included 

cervical/thoracic spine and shoulder mobility tests, and thoracic kyphosis angle measurement. 

Intention-to-treat analysis with multiple imputation was performed. Results: Data from 25 EX-RP 

and 22 EX participants were analysed. Both groups showed reduced neck pain, but only EX-RP 

achieved a statistically significant reduction (p=.001). Pain reduction was greater in EX-RP than in EX 

(p=.046). Neck Disability Index (NDI) scores improved in both groups (p <.001), with no significant 

difference between groups (p =.514). EX-RP showed greater improvements in cervical extension 

(p=.044) and trunk rotation (p=.019). Conclusion: Combining cervical exercises with TMJ relax pads 

may enhance pain reduction and functional outcomes in individuals with chronic neck pain. 

Keywords: chronic neck pain; exercise therapy; TMJ relax pads; VDU work 

 

Introduction 

Chronic non-specific neck pain is a common orthopaedic condition. According to the Global 

Burden of Disease study, neck pain ranks fourth among the leading causes of years lived with 

disability (Hoy et al. 2014). Neck and lower back pain are also the fourth most prevalent causes of 

Disability-Adjusted Life Years (DALYs) worldwide, following ischaemic heart disease, 

cerebrovascular disease, and respiratory infections (Hurwitz et al. 2018). Over the past 25 years, the 

prevalence of neck and lower back pain – and the associated limitations in daily life – has increased 

significantly (Hurwitz et al. 2018). A representative German study found that, at the time of the 

survey, 18% of the population had experienced neck pain and 25% had suffered from lower back pain 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 January 2026 doi:10.20944/preprints202601.1463.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202601.1463.v1
http://creativecommons.org/licenses/by/4.0/


 2 of 17 

 

within the previous three months (Häuser et al. 2013). The high incidence of neck pain is largely 

attributed to modern lifestyles, which are often characterised by physical inactivity and prolonged 

static postures, especially at work. Sedentary work at video display unit (VDU) workstations is a 

significant risk factor in the development of chronic non-specific neck pain (Johnston et al. 2008). In 

contrast, physical activity and exercise are of major importance in both the prevention and treatment 

of neck pain. For example, a meta-analysis has clearly demonstrated that targeted exercise programs 

can improve pain and function in people with chronic non-specific neck pain (Höppchen et al.). 

The close bidirectional relationship between cervical and orofacial disorders has been discussed 

in several studies (Ciancaglini et al. 1999; De Laat et al. 1998), based on mechanical-functional and 

neuroanatomical correlations (Walczyńska-Dragon & Baron 2011). There is strong evidence for a high 

correlation between neck pain and temporomandibular joint (TMJ) dysfunction (Olivo et al. 2010). 

Studies have shown that acute occlusal interventions using occlusal splints can positively influence 

posture, balance, and postural alignment, as well as postural control, gait and running biomechanics, 

and physical performance (Bracco et al.; 1998; Maurer et al.; 2018; Maurer et al. 2015). Since research 

has indicated that the dynamic interaction between the upper and lower jaw can affect muscle 

strength in other regions of the body, occlusal splints have also been used in recent years to enhance 

athletic performance (Arent et al. 2010; Herzog et al. 2022; Lee et al. 2014). Sedentary work is 

frequently associated with complaints in both the cervical spine and the TMJ region, with 42% of 

women working at VDUs with cervical spine complaints also presenting with TMJ dysfunction 

(Bragatto et al. 2016). Given these craniocervical and orofacial interconnections, integrating the 

orofacial region into the management of neck pain may offer a promising therapeutic approach. This 

study explored an innovative method using silicone TMJ relax pads placed in the molar region during 

specific therapeutic exercises. It was hypothesised that combining TMJ relax pads with exercises 

would enhance their effect on neck pain and related symptoms. As this is a novel approach, no clinical 

trials have been conducted so far. 

The exact effects and mechanisms of TMJ relax pads have not yet been scientifically studied. In 

contrast to conventional occlusal splints, TMJ relax pads are designed to induce a slight jaw-

stretching posture and promote relaxation of the masticatory muscles. This pragmatic effectiveness 

study aims to fill this gap by evaluating whether the use of TMJ relax pads during cervical-targeted 

gymnastic exercises enhances their therapeutic impact on neck pain and associated functional 

limitations. 

Material and Methods 

Study Objectives 

By designing and evaluating a training program that is easy to implement in everyday life 

and by investigating a possible additive effect of a TMJ relax pads, the study aims to 

contribute to the optimization of care for patients with neck pain. 

Hypotheses 

Primary Hypothesis 

The use of TMJ relax pads during specific gymnastics exercises significantly reduces neck pain 

compared to identical gymnastics exercises without the use of TMJ relax pads. 

Secondary Hypothesis 

The use of TMJ relax pads during gymnastics exercises leads to a significant (1) reduction in neck 

pain-related impairment in everyday life (Neck Disability Index (NDI), (2) improvement in mobility 

of the cervical spine, (3) increase in the rotational ability of the trunk , (4) increase in mobility 
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(elevation ability) in the shoulder joint area, (5) reduction in the kyphosis angle of the thoracic spine 

in an upright position. 

Study Design and Ethical Approval 

This is a monocentric, partially blinded, randomized clinical intervention study (RCT) with a 

parallel group design, involving participants from the Erlangen-Nuremberg area. The study was 

conducted at the Institute of Medical Physics at Friedrich-Alexander-Universität Erlangen-Nürnberg. 

Ethical approval for the study was granted by the ethics committee (number 130-21b) and the data 

protection officer of the FAU. The study adheres to the ethical standards outlined in the Declaration 

of Helsinki by the World Medical Association (World Medical Association 2013) and is fully 

registered at ClinicalTrials.gov (NCT05302466). All participants provided written informed consent 

prior to their involvement in the study. Figure 1. illustrates the chronological sequence of the study. 

 

Figure 1. Participant flow through the study (Hopewell et al., 2025). 
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Study Population 

Based on the a priori power analysis (see biometrics), a total of 52 participants, were recruited 

according to the following eligibility criteria. Inclusion criteria: (a) men and women aged between 

30-65 years, (b) chronic non-specific neck pain (at least for 3 months on 50% of the days, with a pain 

intensity of ≥2 on the Nominal Rating Scale NRS (Höppchen et al.)), and (c) sedentary activity and 

VDU workstation use. Exclusion criteria: (a) specific neck pain (e.g., herniated disc, spinal stenosis, 

etc.), (b) cervical spine-related neuronal symptoms (e.g., paresthesia, brachial plexus pain, etc.). (c) 

the use of long-term pain medication, (d) the concurrent administration of other therapies with the 

potential to influence neck pain, (e) an absence exceeding two weeks during the intervention period, 

and (f) the performance of regular specific exercises or training focusing on the cervical spine within 

the previous six months. After receiving comprehensive information during individual interviews 

and having time for reflection, all participants provided written consent to participate in the study 

(Figure 1). 

Randomisation and Blinding 

The 52 participants were randomly assigned to either an experimental group (EX-RP, n=26) or a 

control group (EX, n=26) stratified by the “pain intensity” (Figure 1). In detail, the participants were 

allocated to the two groups by drawing lots from a bowl. The tickets were individually contained in 

small opaque capsules (“Kinder-Ei”, Ferrero, Italy). A researcher not involved in this project prepared 

the lots and supervised the randomization procedure. Thus, neither the researcher nor the 

participants were aware of the allocation in advance, thus ensuring the blinding of the study 

(“allocation concealment”). Following randomization, the principal investigator provided the 

participants with detailed information of the procedures. Due to the nature of the study, blinding at 

the participant level was not feasible. Additionally, the study director was aware of the participants’ 

group status (EX-RP or EX). However, all individuals involved in the testing and analysis were 

blinded to the group status and were prohibited from inquiring about the final grouping. 

Interventions 

Gymnastics Program (EX-RP and EX) 

The two groups were subjected to an identical exercise program of “usual care” comprising of 

three distinct three-minute sequences to be performed daily. At the beginning of the study, each 

participant received individualized instructions and guidance on the correct execution of the 

exercises. As the study progressed, the participants were required to perform the exercise programs 

independently, using video animations and their own personal devices (mobile phone, tablet, 

notebook, PC). The relevant film sequences were made available to the participants for download. If 

participants had any questions or concerns, they could seek individual guidance or to engage in a 

video consultation via the “FAU Zoom” platform. Compliance was recorded daily in the training 

diary. Telephone contact was maintained with the participants at two-week intervals for three 

purposes: (a) to document the implementation of the protocol, (b) to identify and address any 

protocol deviations or implementation issues, and (c) to encourage consistent adherence to the 

program. 

The specific physical training consisted of three different exercise programs, each to be 

performed daily. Each program comprised of three exercises, each lasting one minute (approximately 

10-15 Repetitions), resulting in a total duration of three minutes per program. The programs included 

low-intensity gymnastic exercises from functional and therapeutic gymnastics aimed at activating, 

loosening, and stretching the muscles, with a focus on the shoulder-neck region and the cervical 

spine. 

The morning program, performed standing, focused on full spine and upper body mobility 

through active exercises. The first exercise involved rotating the head to one side while performing a 
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retrograde shoulder circle. The second exercise extended the arms backward and downward while 

engaging the glutes, lowering the head to the occiput. The third exercise involved extending the arms 

to shoulder height, contracting the glutes, and sequentially moving one arm to the side while 

orienting the head towards the hand. 

The noon program, performed seated, focused on stretching and stabilizing the shoulder, neck, 

and cervical spine. The first exercise involved rounding the back, allowing the head to hang, then 

extending the upper body and protracting the chest. The second exercise involved bending to one 

side while keeping one hand on the chair. The third exercise involved rotating the arms outwards, 

extending the elbows to 90°, and rotating the upper body with the head directed posteriorly. 

The evening program, performed supine, aimed to enhance spinal and shoulder mobility. The 

first exercise involved bending the knees to one side, elevating the contralateral arm, and orienting 

the head toward the hand. The second exercise focused on pressing the glutes upwards while rolling 

down the spine. The third exercise, performed prone, involved alternating lateral leg movements 

while resting the arms and head on the floor. 

TMJ Relax Pads 

The TMJ relax pads TJ Motion (TJ Motion GmbH & Co. KG, Weisendorf, Germany) are 

manufactured using medical silicone (Figure 2). The splints are placed on the back molars of the lower 

jaw (area between tooth 34 and approximately 36 or between tooth 44 and 46). Once positioned, the 

mouth should be closed loosely. In the event of a gag reflex becoming apparent, the TMJ relax pads 

should be placed slightly further forward (33 to approximately 35 or between teeth 43 and 45). These 

pads are to be maintained in this position throughout the exercise, which is to be performed for a 

period of three minutes. 

 

Figure 2. Silicone TMJ-Relax-Pads. 

Confounders: Medication Supply with Painkillers 

If necessary, medication with oral painkillers (NSAIDs) was administered as prescribed by the 

attending physician. The use of NSAIDs was recorded daily in the training diary and was also 

discussed during the biweekly telephone contacts. 

Outcomes Measures and Assessment Schedule 

Primary Study Endpoint 

Change in neck pain on the “Numeric Rating Scale” (NRS) between basal assessment and control 

measurement after the 12-week intervention 

Secondary Study Endpoints 

• Change in the Neck Disability Index (NDI) between basal assessment and control measurement 

after the 12-week intervention 
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• Change in mobility (lateral flexion, flexion, extension, rotation) of the cervical spine between 

basal assessment and control measurement after the 12-week intervention 

• Change in mean trunk rotation between basal assessment and control measurement after the 12-

week intervention 

• Change in elevation ability of the shoulder joints (degree) between basal assessment and control 

measurement after the 12-week intervention 

• Change in kyphosis angle between basal assessment and control measurement after the 12-week 

intervention 

Neck Pain (NRS) 

Pain intensity was recorded daily using the Numeric Rating Scale (NRS, 0-10) in a pain diary, 

for one week prior to commencing the intervention and during the 12th week of the intervention. 

Pain intensity as the primary endpoint is defined as the mean value over one week in each case. 

Limitations Due to Neck Complaints 

The German version of the Neck Disability Index (NDI) was used to record neck complaints 

(Cramer et al. 2014; MacDermid et al. 2009; Trouli et al. 2008; Vernon & Mior 1991). The NDI 

questionnaire is utilized to document complaints and problems during everyday activities caused by 

the cervical spine. 

Flexibility, Mobility and Posture 

The mobility analysis of the cervical spine (range of motion (ROM)) (Fletcher & Bandy 2008; 

Howell 2011) was performed via sensor-based digital recording of the maximum range of motion of 

flexion, extension, lateral flexion and rotation (in degrees), during active performance in a seated 

position (Mobeefit SportMed A.G. SA, Echternach, Luxembourg). For flexion and lateral flexion, the 

mean value of both directions of movement (right, left) was calculated. The position sensor was 

attached to the head resembling a headlamp using an elastic strap. The mean rotational mobility of 

the torso was determined in a similar sensor-based manner in a seated position, with the sensor 

placed on the sternum (breastbone). 

Shoulder mobility was determined by ROM (Riddle et al. 1987; Sabari et al. 1998; Shin et al. 2017) 

by means of end-range active flexion in a seated position (bilateral synchronized exercise with a 

gymnastic rod) employing a goniometer. The goniometer measurement was performed on the right 

shoulder. 

Kyphosis 

The kyphosis angle was evaluated in an upright position using a Debrunner kyphometer 

(Protek, Bern, Switzerland), in accordance with the method proposed by Ohlen et al. (Ohlen et al. 

1988). 

Craniomandibular Dysfunction 

The prevalence of CMD (Craniomandibular Dysfunction) was determined using a CMD short 

report according to Ahlers and Jakstat (Ahlers & Jakstat 2008), which includes the following criteria: 

(1) asymmetrical opening of the mouth, (2) restricted opening of the mouth, (3) joint noises, (4) 

occlusal noises, (5) painful muscle palpation, and (6) traumatic eccentricity. 

Biometrics and Statistical Analysis 

The biometric and statistical analysis was conducted by an independent statistician. The number 

of participants was planned through an a priori case number analysis based on the primary endpoint, 

“pain intensity of neck complaints”. It was hypothesized that there would be an overall reduction in 

pain intensity of at least 20% (standard deviation ±25%), which was considered to be a clinically 
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relevant minimum. The statistical analysis indicated that, assuming the standard statistical 

parameters (α: 5%, 1-β: 80%), a sample size of 26 participants per group was deemed sufficient to 

address the primary endpoint. 

It was applied the intention to treat principle that included all participants randomly assigned 

to the study arms regardless of their loss to follow-up. R statistics software (R Development Core 

Team Vienna, Austria) were applied in combination with Amelia II (Honaker et al. 2011) for multiple 

imputation (ITT). The full data set was used for multiple imputation, with imputation repeated 100 

times. The primary analysis focus on differences between the intragroup changes in EX-RP versus 

EX, using analysis of covariance (ANCOVA) adjusted for differences in baseline data. Further, after 

checking the normal distribution of the data (gg-plots, residual plots), all study results presented here 

were analyzed by dependent t-tests with pooled SD. The chi-square test was utilized for categorical 

variables (see Table 1). All tests were two-sided and a significance level of p < 0.05 was accepted. 

Table 1. Basal characteristics of the experimental group (EX-RP) and control group (EX). MW: mean value; SD: 

standard deviation. 

Variable 
EX-RP (n=26) 

MW ± SD 

EX (n=26) 

MW ± SD 
p 

Female/male/diverse [n] 20/6/0 19/7/0 .749 

Age [years] 48.5 ± 9.3 47.3 ± 9.3 .922 

Height [cm] 169 ± 9 171 ± 7 .306 

Body mass [kg] 70.5 ± 11.9 71.0 ± 13.2 .553 

Craniomandibular dysfunction (CMD) [n] 16 15 .777 

Pain medication [n]a 4 3 .692 

Osteoporosis medication [n] 19 17 .653 

Physical training [min/week] 45.5 ± 38.5 56.5 ± 50.0 .271 

Physical activity [Index] 4.2 ± 1.2 4.1 ± 1.2 .783 

Prevalence of CMD 16/10 15/11 .783 

Results 

Table 1 presents the baseline characteristics of the study participants. The baseline characteristics 

did not significantly differ between the groups. Specifically, there were no statistically significant 

differences observed in terms of prevalent illnesses or medication regimens. 

A total of five participants (EX-RP: n=1 vs. EX: n=4) were unable to participate in the follow-up 

study. Specifically, two EX participants reported that they had lost interest in the study, primarily 

due to randomization into the non-preferred (control) group. One EX participant cited a road accident 

as the reason for their withdrawal. Another participant cited pain during or due to the gymnastic 

exercises as the reason for withdrawing. In the EX-RP, one person was no longer able or willing to 

carry out the intervention or FU measurement due to a death in the close surrounding. 

The rate of physical training was found to be 68.4 ± 28.5% in the control group and 75.8 ± 19.0% 

in the EX-RP group. The training frequency of the groups did not differ significantly (p = 0.314). 

Subsequent analyses of the participants’ records and telephone interviews revealed that the exercise 

of the EX-RP-Group were consistently performed with the TMJ Relax Pads. 

Study Endpoints 

Primary Study Endpoint: Intensity of Neck Pain 

ITT analysis demonstrated a reduction in the average pain intensity in both groups. However, 

this reduction was only found to be significant (p=.001) for the EX-RP. Even after adjustment to the 

basal values via ANCOVA, the reduction in pain intensity was significantly more stated in the EX-

RP (p=.046) than in the EX. 
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Table 2. Basal values and changes in neck pain intensity (primary outcome) with statistical parameters: TMJ 

relax pads group (EX-RP) versus control group (EX). MV: mean value; SD: standard deviation; 95% CI: 95%: 

Confidence interval; * via ANCOVA adjusted for basal differences between the groups. 

 
EX-RP (n=26) 

MV  SD 

EX (n=26) 

MV  SD 

Difference 

MV (95% CI) 
p-value 

Neck pain intensity [Index] 

Basal value 2.93 1.72 2.66 1.79 ------------- .661 

Change -1.46 1.90 -0.45 1.82  0.98 (0.02 to 1.95)* .046* 

In this respect, it verifies the primary hypothesis that “the use of TMJ relax pads during 

gymnastics exercises significantly reduces neck pain compared to identical gymnastics exercises 

without the use of TMJ relax pads”. 

Secondary Study Endpoints 

The Neck Disability Index (NDI) exhibited a significant positive change during the intervention 

period in both groups (p<.001 each) (see Table 3). The difference between the groups was not 

significant (p=.514), thereby rejecting the secondary hypothesis 1. 

Range of motion in flexion exhibited a significant positive change in both groups (EX-RP: p=.002 

vs. EX: p=.016). No significant differences were observed between the groups (p=.581). In contrast, 

the analysis of mobility during extension of the cervical spine revealed significant positive changes 

in the EX-RP (p=.002) but not in the EX (p=.35). This finding was reflected in significant effects (p=.044) 

in favor of the EX-RP group. For the rotation of the cervical spine (see Table 3), significant 

improvements in mobility were recorded in both groups (EX-RP: p<.001 vs EX: p=.020). Although the 

changes within the EX-RP were more pronounced, a between-group comparison (ANCOVA) showed 

no significant effects for the EX-RP group (p=.405). Thus, secondary hypothesis 2 can only partially 

be confirmed. 

Trunk rotation (see Table 3) exhibited a substantial enhancement in rotational performance in 

both groups (EX-RP: p<.001 vs EX: p=.006). A significant between-group difference was observed in 

favor of the TJ group (p=.019). This outcome serves to confirm the secondary hypothesis 3. 

Table 3. Basal values and changes in secondary study endpoints with statistical parameters: TMJ relax pads (EX-

RP) versus control group (EX). MV: mean values; SD: standard deviation; 95% CI: 95%: Confidence interval; * 

via ANCOVA adjusted for basal differences between the groups. 

 
EX-RP (n=26) 

MV SD 

EX (n=26) 

MV SD 

Difference 

MV (95% CI) 
p-value 

Neck Disability Index (NDI) [%] 

Basal 36.7 6.7 37.8 8.5 ------------- .611 

Change -6.6 8.0 -8.2 8.8 1.44 (-2.9 to 5.8)* .514* 

Lateral flexion cervical spine [°] 

Basal 34.9 7.2 37.8 8.3 ------------- .188 

Change 5.9 6.6 4.6 7.0 0.38 (-3.1 to 3.9)* .825* 

Flexion cervical spine [°] 

Basal 50.5 13.6 49.5 11.1 ------------- .773 

Change 6.6 9.8 5.4 10.2 1.35 (-4.1 to 6.9)* .581* 

Extension cervical spine [°] 

Basal 75.7 14.9 74.9 17.2 ------------- .871 

Change 7.4 10.9 2.2 11.4  5.48 (0.2 to 10.8)* .044* 

Mean rotation cervical spine [°] 

Basal 71.1 10.6 73.4 12.2 ------------- .468 

Change 6.3 8.1 3.9 8.5  1.69 (-2.4 to 5.8)* .405* 
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Average torso rotation [°] 

Basal 50.1 9.2 51.8 11.3 ------------- .534 

Change 5.9 10.9 13.1 10.1 6.62 (1.1 to 12.1)* .019* 

Elevation shoulder [°] 

Basal 165.5 15.6 160.2 13.7 ------------- .192 

Change 10.6 10.5 12.1 11.2 1.09 (-4.0 to 6.1)* .667* 

Kyphosis angle [°] 

Basal 42.2 8.2 41.3 8.8 ------------- .710 

Change -3.6 6.9 -2.5 7.2 0.85 (-4.4 to 2.7)* .634* 

Both groups demonstrated a significant enhancement in shoulder mobility (p < .001 each). A 

significant difference between the groups was not recorded (p=.667). Consequently, we can reject 

hypothesis 4. 

Following the 12-week period of intervention, a reduction in kyphosis angle was observed in 

both groups. However, this change was only found to be statistically significant in the EX-RP group 

(p<.005 vs. EX: p=.074). The differences between the groups for the changes from the basal 

measurement to the 12-week control measurement (12-week FU) were not significant (p=.634). 

Consequently, hypothesis 5 was rejected. 

A sub-analysis was conducted within the TMJ relax pads group to ascertain whether the 

prevalence of CMD had an influence on the treatment effects. A comparison was made between 

subjects with and without CMD, and no significant differences were observed in the effect of the 

intervention on pain (p = .523) or NDI (p = .730). A further analysis of the pure gymnastics group 

revealed no significant differences in the effects on pain and NDI in subjects without CMD compared 

to those with CMD. 

Adverse Effects 

None of the EX-RP participants reported any undesirable side effects. Some participants 

reported increased saliva production during application. One participant in the control group 

reported pain when performing the gymnastic exercises, otherwise no difficulties or particularities 

were reported during or after the exercises. 

Potential Confounding Variables 

No relevant changes in lifestyle, physical activity, illness or medication (especially analgesics) 

were reported by the participants that could have influenced our results. However, one participant 

in the EX-RP had an accident in intervention week 7 and suffered whiplash, which, according to the 

participant, prevented her from continuing with the intervention (though not from completing the 

final measurement). 

Discussion 

This study investigated the additive effect of TMJ relax pads when performing a high-frequency 

exercise program with short, three times daily exercise sequences that can be easily integrated into 

everyday life. The exercise program demonstrated a substantial positive effect on pain, cervical spine-

related restrictions in everyday life, spinal and shoulder mobility and posture. These were 

significantly increased using TMJ relax pads regarding the primary endpoint “neck pain intensity” 

and the secondary endpoints “cervical spine extension flexibility” and “trunk mid-rotation 

flexibility”. 

The approach applied in this study represents an innovative and previously unique method for 

the treatment of neck pain. The management of neck pain is supported by combining gymnastic 

exercises with the use of a dental splint worn during exercise. The TMJ relax pads utilized in the 

study are also not directly comparable with the occlusal splints that are generally applied. Despite 
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the limited comparability, the TMJ relax pads will be differentiated from the occlusal splints below, 

and the results of this study will be discussed against the background of the results of other studies 

(Incorvati et al. 2020). 

The utilization of occlusal splints is endorsed by the guideline of the German Society of 

Dentistry, Oral and Maxillofacial Medicine (DGZMK) (DGZMK 2024) particularly in the treatment 

of CMD. Meta-analyses have demonstrated that corresponding splints have a significant effect on 

pain reduction when used for muscular and atherogenic complaints, in comparison with no therapy 

(Al-Moraissi et al. 2020; Zhang et al. 2020). 

The DGZMK guideline classifies occlusal splints into four categories. The first group comprises 

of relaxation splints or stabilizing splints, with the Michigan splint (Badel et al. 2013) serving as a 

prime example. These splints which are worn in both the upper and lower jaw, generally have a flat 

contact and are particularly indicated for chewing muscle and/or temporomandibular joint pain and 

bruxism (Wassell et al. 2006) 

The second group consists of reflex splints, which are characterized by the presence of point or 

linear contacts on specific teeth. These contacts have been shown to inhibit masticatory muscle 

activity (Hannam et al. 1981). Their utilization in the initial treatment of myogenic dysfunctions, 

along with their application in the elimination of occlusal instability, has been documented 

(Stapelmann & Türp 2008). 

The third group comprises of positioning splints. The function of this type of splint is to modify 

the position of the condyle-discus complex with the aim to provide relief to the temporomandibular 

joint structures. These splints are used for the management of painful disc displacements and 

inflammatory atherogenic dysfunctions (Eberhard et al. 2002; Guo et al. 2021; Lakshmi et al. 2016). 

The fourth group encompasses a range of splints, including customized soft splints. One such 

example is the Aqualizer - a hydrostatic mouth splint that automatically eliminates the distorting 

influence of the maxillomandibular relationship, thus harmonizing the muscles, bite and body 

(Srivastava et al. 2013). These splints are inserted in the acute treatment of CMD complaints; however, 

they are not utilized in the long term. 

In addition to the splints mentioned by the DGZMK, sport splints can be mentioned, which 

generally does not pursue a therapeutic approach, but is intended to improve athletic performance 

by changing posture when wearing the splint (Herzog et al. 2022). 

The TMJ relax pads (TJ-Motion) employed in this study differ from the previously mentioned 

splints regarding design, shape and material. The majority of the commonly used splints cover the 

entire row of teeth of the upper and lower jaw, have a thinner layer thickness than the TJ-Motion and 

are usually made of plastics such as PMMA (Benli et al. 2023) or polycarbonate. They are often 

customized for the respective patient. In contrast, the TJ-Motion typically covers a smaller area, 

limited to 2-3 premolars or molars, and does not involve connection of the two pads. It has a layer 

thickness of 8.5 mm, is made of medical silicone and is not customized to the individual patient. 

The duration over which conventional splints are worn varies significantly across studies; 

however, most of the research indicates that they are used either nocturnally or during the day. The 

present study proposes the utilization of TMJ relax pads with significantly reduced wearing intervals, 

consisting of three sessions of three minutes per day. The TMJ Relax Pads can be worn during 

exercises and in everyday activities, such as desk work. 

The scope of application of TMJ relax pads differs from that of conventional dental splints. 

Occlusal splints, aside from sports splints, are primarily used for the treatment of bruxism and 

temporomandibular disorders (TMD). According to clinical guidelines, a key objective of occlusal 

splint therapy for TMD is to modify the functional patterns of the masticatory muscles and optimize 

the condylar position within the temporomandibular joint. This approach aims to relieve structures 

subjected to excessive or improper loading, even in the absence of a splint (Albagieh et al. 2023). 

The TJ-Motion does not induce a targeted and individual correction of the jaw position. Rather, 

it is intended to stretch and relax hypertonic jaw muscles through increased layer thickness. 

Hypertonicity in these muscles can negatively affect adjacent regions, particularly the cervical spine, 
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by contributing to increased muscular tension and impaired function. The correlation between the 

jaw and the cervical spine has been thoroughly documented in the existing literature, with studies 

indicating the potential to influence the musculoskeletal system and its associated complaints by 

altering the position of the temporomandibular joint (Grondin et al. 2017). Weber et al. (Weber et al. 

2012) found that women with TMD also have more frequent signs of cervical dysfunction and neck 

pain. In the study by Walczyńska-Dragon et al. (Walczyńska-Dragon et al. 2014) it is reported that 

following a period of three months during which patients were treated for TMD with the use of 

splints, a significant improvement in the mobility of the cervical spine and a reduction in spinal pain 

was achieved in the treatment group. Odzimek and Brola (Odzimek & Brola 2024) found that neck 

pain is significantly more prevalent and more intense in patients diagnosed with temporomandibular 

joint (TMJ) disorder. Furthermore, they described that the mobility of the cervical spine is more 

restricted in TMD patients than in healthy individuals. 

It should be noted that CMD was not an inclusion criterion in this study. The incidence of CMD 

was found to be equally distributed across both groups, with a notable prevalence of approximately 

75% observed. However, a sub-analysis revealed no significant difference in treatment outcomes 

between individuals with and without CMD. Thus, regardless of the prevalence of CMD, the use of 

the TMJ Relax Pads has the potential to positively influence cervical spine dysfunctions. In the present 

study, a reduction in the intensity of neck pain was observed in both study groups; however, only 

the pain reduction of the EX-RP group was significant (p.001). It should be noted that the existing 

literature has focused on either gymnastic exercises or isolated splint therapy, thus limiting the scope 

for direct comparison (Kang 2020). In the study by Shousha et al. (Shousha et al. 2018), a direct 

comparison was made between conservative physiotherapy, predominantly hands-on in nature, and 

occlusal splinting, with the former achieving greater pain relief and improvement in movement. 

However, it should be noted that the study by Shousha et al. refers to patients diagnosed with TMD, 

and the intervention group of that study used isolated splint therapy. This is not the case in the 

present study. 

Regarding the NDI, a significant improvement was observed in both study groups; however, 

the difference between the EX and EX-RP was not significant. A meta-analysis by Bertozzi et al. 

(Bertozzi et al. 2013) shows, in line with the present results, that therapeutic exercises cause significant 

improvements in the NDI. However, a comparison is only possible to a limited extent, as only the 

results of isolated exercises were analyzed. The literature review found no study that directly 

measured the NDI in relation to splints. As other parameters of pain and function were measured, 

the search on the effects of splint therapy yielded only indirect correlations between the effects of a 

dental splint and the NDI. An enhancement in cervical spine mobility regarding flexion was observed 

in both groups, with no significant difference between them. However, a more notable enhancement 

was evident in the EX-RP group with respect to cervical spine extension. No improvement was 

observed in the EX-group. A significant improvement was recorded in the rotation of the cervical 

spine in both groups without significant difference between the groups. Tereshchuk’s study 

(Tereshchuk 2024) concluded that the utilization of relaxation splints can achieve both an 

enhancement in mobility and a reduction in pain for patients suffering from chronic neck pain. The 

improvement in mobility of the cervical spine through splint therapy or other adjustment of the 

occlusion was also found in several other studies (Karppinen et al. 1999; Walczyńska-Dragon et al. 

2014). Nevertheless, the examination in these studies was limited to splint therapy or occlusion 

adjustment, excluding the combination with gymnastic exercises, which consequently restricts the 

comparability of the findings. 

Regarding shoulder mobility and mid-torso rotation, no studies were identified in the current 

literature search that would permit comparability. 

The EX-RP group demonstrated a marked improvement in the kyphosis angle, although this 

difference was not statistically significant. In some studies, positive effects on posture (Ohlendorf et 

al. 2014; Sakaguchi et al. 2007) and also on the kyphosis angle (De Giorgi Dds et al. 2020; März et al. 

2017) have been achieved by changing the position of the lower jaw, using splints. However, the 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 January 2026 doi:10.20944/preprints202601.1463.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202601.1463.v1
http://creativecommons.org/licenses/by/4.0/


 12 of 17 

 

study results are largely inconsistent, and the influence of splint therapy is generally discussed 

controversially (Giannakopoulos et al. 2018; Hampe et al. 2024; Kang 2020; Lippold et al. 2006; 

Maurer-Grubinger et al. 2020; Sofyanti et al. 2021). 

The significant limitations that result in the poor comparability of individual studies are the 

absence of methodological standardization, the inability to differentiate between muscular, articular, 

or combined TMD, and the failure to distinguish between physio pathological conditions and risk 

factors (Sofyanti et al. 2021). 

The present study’s design precludes the drawing of any conclusions regarding the mechanism 

of action. It is hypothesized that the stretching stimulus of the temporomandibular joint (TMJ) 

associated with the positioning of TMJ relax pads in the molar region could lead to a reduction in 

tension in hypertonic muscles in the entire jaw and shoulder-neck area via myofascial and neuronal 

pathways. This reduction in tension could, in turn, have a positive influence on the symptoms of 

chronic cervical spine syndrome. The craniocervical-orofacial connections that could underpin this 

effect have been described in numerous publications (Ciancaglini et al. 1999; De Laat et al. 1998). 

Nevertheless, it is important to emphasize that the discussion of potential underlying mechanisms 

remains speculative. 

Finally, the gymnastics program will be discussed, which demonstrated significant effects on 

pain intensity, NDI and function even without TMJ relax pads. Apart from the extension of the 

cervical spine and the kyphosis angle of the thoracic spine, all values of the functional examinations 

also improved significantly on the EX-group. 

A multitude of studies have been conducted regarding the impact of exercise programs on 

chronic non-specific neck pain. These studies have been summarized in a meta-analysis. The exercise 

programs of the included studies vary considerably in terms of frequency (once a week to two times 

a day), duration (7-60 minutes), intervention period (4 weeks to 12 months) and content (stretching 

vs. strengthening exercises, whole-body vs. local neck exercises, as well as endurance exercises). The 

majority of these programs, despite their marked differences, demonstrated a significant 

improvement in neck pain intensity (Louw et al. 2017). 

In contrast to the majority of the studies included in the meta-analysis, which worked less 

frequently and with a longer training duration, a high-frequency program with a very short training 

duration was designed. This program can be easily integrated into everyday life and is conducive to 

the development of habits. The relatively high compliance rate (68.4 ± 28.5% and 75.8 ± 19.0% in the 

EX-RP group in the control group) and low drop-out rate (EX-RP: n=1 vs. EX: n=4) demonstrate the 

program’s success in terms of feasibility. Given the investigation’s focus on the additional effect of 

the TMJ Relax Pads, it was imperative that the exercises were standardized and identical for all 

patients. The utilization of video instruction in this context was found to be an effective approach. 

It is important to acknowledge the distinctive characteristics and limitations inherent to the 

study. Primarily, the absence of a comparison group for the gymnastics program, in the form of a 

zero group, diminishes the informative value. Secondly, despite a comparatively low and moderate 

drop-out rate (less than 10%), ‘lost-to-follow-up’ data had to be imputed via the intention-to-treat 

(ITT) approach of the study. Experience has shown (Mostazir et al. 2021) that the results are in some 

cases significantly more cautious (i.e., tend to be less positive) than in per-protocol analyses. This was 

demonstrated in an additional analysis for the primary study endpoint, ‘neck pain intensity’, where 

the per-protocol analysis revealed a significantly higher significance level (p=.006) for the between-

group effect. Thirdly, the possibility exists that discrepancies in the implementation rate between the 

groups (EX: 68.4 ± 28.5% vs. TJR 75.8 ± 19.0%, p = .157) may be a contributing factor to the observed 

positive effect of the TMJ relax pads. However, statistical adjustment for this factor (ANCOVA) did 

not demonstrate any significant changes in the results. 

As there is an absence of any comparable data in the extant literature, this study can be regarded 

as a pilot study. The results obtained appear to be promising, and it is therefore recommended that 

further research be conducted in this area. 
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Furthermore, additional research is needed to determine whether the effects of the TMJ relax 

pads are more pronounced in certain groups of participants compared to others. The efficacy of the 

pads may also be influenced by modifications to the application protocol, with respect to duration or 

timing of use. An interesting question to explore would be whether the potential of the pads to 

alleviate neck pain exists even without the inclusion of gymnastic exercises. In summary, TMJ relax 

pads enhanced the effect of a short, thrice-daily exercise program specifically designed for neck 

problems. In conclusion, TMJ relax pads could contribute to the optimization of care for patients 

suffering from chronic neck pain. 

Clinical Relevance 

• Combining TMJ relax pads with cervical exercises improved the functional outcomes in office 

workers with chronic non-specific neck pain. 

• The combined intervention led to greater reductions in neck discomfort and disability than 

exercise alone 

• It is non-evasive, easy to integrate into therapy sessions and requires no additional setup or 

expertise 
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