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Background: Orofacial pain conditions are complex disorders that involve biological, social, and psychological factors. Temporomandibular Disorders (TMDs) are one of the most common orofacial pain conditions, and our previous literature review indicated that exercise therapy has shown promise in reducing TMD-related pain. However, more evidence is needed to firmly establish its effectiveness.



Objectives: This systematic review aims to investigate the effectiveness of exercise therapy on pain relief and jaw mobility in patients with pain-related TMDs.



Methods: To include randomized controlled trials (RCTs) written in English, a literature search was performed using PubMed, Scopus, Web of Science, Cochrane Library, Ovid, EBM reviews, and Academic Search Complete initially from 4th November 2020 until March 2022. A PICOS for this review was as follows; P: Patients with TMD myalgia or arthralgia, I: Excursion exercise, Stretch exercises, Resistance exercise, or Coordination exercise, C: No treatment or education only. O: Pain intensity and Range of Motion (ROM), S: RCTs. After title screening, a full-text assessment was done to extract data. According to Risk of Bias (RoB) 2.0, risk of bias was assessed in each included paper by 2 reviewers independently.



Results: A total of 3,388 titles were identified from the electronic database search. After the screening and full-text evaluation, only 5 studies (145 participants) were eligible to be included. Among the exercise modalities, coordination exercise showed a significant effect on pain relief and improvement of joint mobility.



Discussion: Due to the heterogeneity and small sample size of the included studies, a meta-analysis was not feasible. However, this systematic review suggested that exercise therapy, especially coordinate exercise, can be effective in managing painful TMD conditions. Further research is needed to establish optimal parameters for this patient population, as well as standardization and consistency in terminology and treatment structure.
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1. Introduction

Orofacial pain conditions often involve a complex mixture of biological, social, and psychological factors (1). Compared to general dental diseases such as caries or periodontitis, the management or treatment for orofacial pain conditions has not been widely recognized. It is therefore hard for dentists and patients to reach pain-relieving solutions. Even though reversible options should be selected as the first option (2), in some of the worst cases, irreversible treatments such as pulpectomy or tooth extraction are done unnecessarily because of the lack of knowledge on orofacial pain.

One of the most common orofacial pain conditions is Temporomandibular disorders (TMDs) which are characterized by myalgia in the masticatory muscles, and arthralgia in the temporomandibular joints (3). For TMDs, internationally standardized diagnosis criteria, the Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) (4) have been established and widely used both in research and clinical settings. This enabled dentists to make a diagnosis of TMD more accurately regardless of their clinical experience.

Once diagnosed as TMD myalgia or TMD arthralgia, conservative therapy is applied to relieve pain in the masticatory muscles or the temporomandibular joint. The effect of exercise therapy, one of the most common conservative therapy for myalgia and arthralgia in other parts of the body, has also been introduced for TMD (5, 6). According to our previous narrative review (7), among conservative treatment options, exercise therapy demonstrated a possible effect on painful TMDs. The major benefits identified were reduced pain in the masticatory muscles and improvement in the range of movements of the mandible. However, the following concerns were revealed throughout this review process. First, inconsistency in the diagnostic method of TMDs for patients included. Secondly, the modalities of exercises were not standardized. Furthermore, the selection of control groups was quite diverse. Due to such concerns, even though exercise therapy appears to demonstrate effectiveness for TMD myalgia and/or arthralgia, this evidence still needs to be firmly established. Therefore, as a next step, this systematic review was performed, considering such concerns and limiting search conditions more strictly with concrete the Population/Problem, Interventions, Comparison/Control, Outcomes, and Study (PICOS) to eliminate vagueness and unclearness.

This systematic review aims to investigate the effect of exercise therapy on pain relief and improvement of TMJ mobility in patients with painful TMD conditions.



2. Methods

This systematic review is reported following the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) (8, 9) and performed based on a protocol a priori registered on PROSPERO (CRD42020215462).


2.1. Study protocol

An electronic search was performed initially on 4th November 2020 up to the period of March 2022 in PubMed, Scopus, Web of Science, Cochrane Library, Ovid, EBM reviews, and Academic Search Complete with the retrieval approach shown in Supplementary Table S1.

This systematic review was conducted based on the following focus questions that are the same as the ones introduced in our previous literature review (7).


	•Is exercise therapy effective to reduce clinical pain intensity in patients with painful TMD compared to the control group investigated by randomized controlled trials (RCTs)?

	•Is exercise therapy effective to improve jaw movements in patients with painful TMD compared to the control group investigated by RCTs?



In detail, the following inclusion criteria of the PICOS were decided.


2.1.1. Population/problem

Patients with myalgia or arthralgia, preferably confirmed by the DC/TMD. No age restriction was set.



2.1.2. Interventions

Among modalities of exercise therapy, the following 4 exercise therapies were focused on in this review: excursion exercise for the temporomandibular joint (E1), stretch exercises for the masticatory muscles (E2), resistance exercise for the masticatory muscles (E3), and coordination exercise for jaw open-close movements (E4) (10).



2.1.3. Comparison/controls

No treatment or education only.



2.1.4. Outcomes

Pain intensity.

Range of movements (ROM) of the mandible and/or vertical jaw gape.



2.1.5. Study design

Only RCTs were included in this review.




2.2. Inclusion and exclusion criteria

The inclusion criteria for this systematic review were: (1) RCTs and controlled, clinical trials (CCTs); (2) exercise therapy for orofacial pain was described; and (3) written in English.

The exclusion criteria were studies in animals.



2.3. Selection criteria

Initially, after duplicates were omitted, studies identified through electronic searches were screened by title and abstract using the following criteria: (1) exercise therapies for orofacial pain were described; and (2) human studies. The screening was performed by two independent reviewers (TO and AS). In case of disagreement, a third reviewer (NN) was consulted to reach a consensus. The reference lists of the included articles were also screened to identify other relevant articles.



2.4. Data extraction

Two independent reviewers (SS and RK) extracted the following information from the selected articles, respectively: Study characteristics (first author, publication year, inclusion and exclusion criteria, pre-assessment questionnaires used), participant characteristics (age, sex, TMD conditions), Methods (blinding, randomization, modality of exercise therapy, duration, intensity, targeted area, frequency, and control method), and outcomes (timepoints of assessment and measurement methods of pain intensity and ROM of the mandibular).



2.5. Data synthesis

Because PICOS for this systematic review was strictly defined, the heterogeneity in terms of the diversity of exercise modality and time points of assessment was detected. As a result, due to a small sample size, a meta-analysis could not be performed. Therefore, data were synthesized according to the synthesis without meta-analysis (SwiM) (11). All statistical analysis was conducted with Review Manager 5.4.1. Data on pain intensity (Visual Analog Scale: VAS or Numeric Rating Scale: NRS) and ROM (mm) at baseline and the final assessment of an intervention group and a control group in selected studies were compared. Based on the standardized mean difference (SMD) and 95% confidence interval (95% CI) of VAS on pain intensity, as well as ROM, forest plots were provided.



2.6. Risk of bias assessment

The risk of bias was assessed by two reviewers (TN and SK) following Risk of Bias 2.0 (RoB 2.0) (12). Both focused parameters, pain intensity, and ROM, were assessed independently. When consensus could not be reached, the disagreement was resolved by discussion between the reviewers.



2.7. Assessment of the certainty of the evidence

The GRADE approach was applied to rate the overall certainty of evidence using GRADEpro GDT (https://gradepro.org/) and the guidance in Chapter 14 of the Cochrane Handbook for Systematic Reviews of Interventions (Handbook 2021) (13–15). The certainty of evidence reflects the extent to which we are confident that an estimate of effect is correct. For this systematic review, the degree of downgrading was determined by the seriousness of the following factors: (1) risk of bias, (2) inconsistency of results, (3) indirectness, (4) imprecision (insufficient data), and (5) other factors (e.g., reporting bias).




3. Results


3.1. Study selection

Initially, 3,388 titles were identified through electronic searches. After removing 494 duplicates, 2,894 titles were assessed by screening the titles and abstracts. As a result of the title and abstract screening, 28 papers were identified and their full text was obtained for assessment for eligibility for further review performed by 3 independent reviewers (AS, TO, and NN). Finally, out of the 28 papers, a total of 5 papers only were matched the eligibility and included in the qualitative assessment (16–20). The flow diagram of the screening process was shown in Figure 1.
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FIGURE 1
Flow diagram of screening process based on PRISMA guidelines.




3.2. Study characteristics

The characteristics of the eligible studies are summarized in Supplementary Table S2. Participants in 4 studies are patients diagnosed with myalgia disorders (Ia/Ib) according to the Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD), whereas one study included patients with limited ROM and pain in TMJ or feeling discomfort with their masticatory function. All modalities of exercise therapy defined as interventions in this review were applied in the selected studies in total. Participants allocated to the control group received either education only or no treatment. The randomized allocation of each group was done in an objective manner such as balanced block randomization or the use of electric randomization methods in all the selected studies, having one exception where it was not explained clearly (19). Regarding the prescription of the introduced exercise program, none of the frequency, intensity, and time were standardized.



3.3. Quality assessment

The quality assessment of the included papers was performed based on Risk of Bias 2 (12). Figure 2 shows the risk-of-bias assessment of each paper in all domains. In the overall bias regarding pain intensity assessed in each study, 3 included papers resulted in High risk, whereas 2 papers showed Low risk. In the overall bias regarding ROM, only 1 paper showed Low risk, and the rest of the 3 papers resulted in High risk.


[image: Figure 2]
FIGURE 2
Risk of bias assessment for each included study.




3.4. Effectiveness of exercise therapy on pain intensity and range of motion (ROM)

Pain intensity was assessed by either a 10 mm VAS or a 0–10 NRS in the included studies. In 2 of the included studies where coordination exercise was conducted, pain intensity decreased significantly after exercise therapy (17, 19). The coordination exercise in these studies was conducted 10–45 min or 10 times/at least 3 times/day for 1–3 months. In contrast, stretch exercise, performed with or without coordination exercise (16, 18), did not show a significant effect on pain reduction in painful TMD patients. When pooling data on pain intensity on a 0–10 NRS for these 4 studies, these modalities of exercise therapy worked effectively to reduce pain intensity in the masticatory muscles (Standardized mean difference (SMD) −0.70, 95% confidence interval (CI) −0.99 to −0.42; 5 trials, 209 participants) (Figure 3A). The certainty of the evidence was judged to be low for this outcome (downgraded for bias and imprecision) (Figure 4).


[image: Figure 3]
FIGURE 3
Analysis comparison: exercise therapy compared to no treatment or education. (A) outcome: pain intensity, (B) outcome: ROM.
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FIGURE 4
Grade evidence profile.


When the intervention group and the control group were compared, 2 studies where coordination exercises were performed showed a significant effect on improving the ROM of the mandible (16, 19). In both studies, coordination exercise was conducted 10 min or 20 times/at least 3 times/day for 3–4 months. Pooled data on maximal mouth opening for these 2 studies showed that coordination exercise improved ROM in the mandible [Standardized mean difference (SMD) 0.36, 95% confidence interval (CI) 0.03–0.69; 4 trials, 145 participants] (Figure 3B). The certainty of the evidence of ROM was also judged to be low (downgraded for bias and imprecision) (Figure 4).




4. Discussion

This systematic review aimed to investigate the effect of exercise therapy on pain relief and improvement of TMJ mobility in patients with painful TMD conditions. The results indicated that coordination exercise can be most effective for TMD myalgia and arthralgia. In addition, stretch, excursion exercises, and resistance exercises also showed a positive effect on pain relief and TMJ mobility, however, there was no significant difference, compared to controls.

Stretching and coordination exercises, targeting specific mechanisms to improve jaw function and alleviate symptoms have been considered valuable approaches for TMD management. These exercises work by addressing muscle imbalances, enhancing jaw mobility, improving coordination, and promoting overall jaw health (21–23). The increased flexibility and extensibility of the muscles, ligaments, and connective tissues surrounding TMJ allow smoother and more comfortable jaw movements (24, 25). TMDs can disrupt the synchrony between the masticatory muscles in chewing and jaw function, leading to imbalances and disharmonized movement patterns. Through targeted coordination exercises that comprise mouth-opening and mouth-closing isotonic exercises, individuals can retrain their muscles to work together harmoniously, optimizing jaw function and reducing muscle imbalances (26, 27). Furthermore, stretching and coordination exercises contribute to proprioceptive awareness, allowing for better control and coordination of jaw movements. This, in turn, promotes a more stable and aligned TMJ. Abnormal muscle activation patterns and difficulties in controlling the jaw muscles are common in TMDs. By engaging in these exercises, individuals can rehabilitate and re-educate their muscles, promoting proper muscle activation, timing, and coordination. This rehabilitation process contributes to improved jaw function and reduced TMD symptoms (28). Finally, stretching and coordination exercises offer relaxation and stress reduction benefits. The focused and controlled movements involved in these exercises can help individuals experience a sense of calmness and relaxation. This can positively impact their overall well-being and help alleviate the stress associated with TMDs (29).

The findings in this study suggest that among the exercise modalities widely used for TMD management, coordination exercises demonstrate the highest potential to relieve pain and improve the mobility of the mandible. Different from stretching, coordination exercises involve active voluntary motion. For joint mobility, active exercise has been reported to be significantly more effective than passive exercise for patients with chronic low back pain (30). Moreover, the relationship between active voluntary movements with cognition and pain reduction has been reported in patients with non-specific low back pain (31). Another RCT showed a more robust effect of skilled training that requires motor cortex excitability on the improvement of motor coordination in low back pain (32). Our findings in this systematic review are aligned with and also could be explained by such change in brain plasticity caused by active voluntary exercise that requires motor control skills (33).

Our original protocol registered in PROSPERO includes both RCTs and observational studies as types of study to be included. However, throughout the process of this systematic review, we decided to focus on the results in the selected RCTs, considering the quality of scientific evidence. It was also because we would like to distinguish our review from the past reviews by establishing a clear definition of “P” and “I” in PICO. Furthermore, we aimed to obtain evidence that is easy for readers to understand by omitting confounding factors including study design in this case. On the other hand, as the identified papers were screened with the PICOS strictly set in this systematic review, a small number of studies were included. Therefore, the authors were not allowed to conduct a meta-analysis. This can be considered a limitation of this systematic review in terms of the review process. However, even though the heterogeneity of the selected studies was still detected, this review could identify the evidence narrowing down from our previous review (7). In addition, the small sample size also resulted in the low certainty of the evidence for pain intensity and ROM being downgraded due to serious study limitations and imprecision. Another point to be aware of is that the findings of this systematic review are based on the selected paper written in English, which could cause a bias for this systematic review. Also, the findings cannot be applied to specific age groups such as children under 12 years old or the elderly population, even though the population of the patients in the included papers covered the age range with a high prevalence of TMD (34).

Throughout the process of this systematic review, several concerns for further development of exercise therapy for TMDs were identified. First, terminology related to exercise therapy that has been used among dentists is not consistent with that in the medical field. Physical therapy, including exercise therapy, is one of the conservative treatment options for TMDs (35). Involvement of physiotherapists in TMD management is considered to be an immense advantage because physiotherapists could take a role to decrease pain intensity and restore normal masticatory function such as normal TMJ mobility in the treatment process of TMDs (36). However, the inconsistency in the terminology between the dental and medical fields could be a serious barrier that obstructs the propulsion of such a transdisciplinary approach to TMD management. Therefore, organizing definitions of the terminology used for exercise therapy would be essential as the first step.

In addition, the basic concept of the treatment structure of physiotherapy also needs to be aligned with the medical field. In the case of the situation in Japan, it appears that the classification of exercise modalities recommended for painful TMDs needs to be revisited. This is because the current classification of exercise modalities commonly used among dentists is not consistent with the one recognized among other medical-related occupations such as medical doctors, nurses, and physiotherapists. For example, manipulation that is classified as nonexercise therapy (37) in the medical field has been considered as one of the modalities categorized in exercise therapy in dentistry. The basic flow of physiotherapy treatment recommended by physiotherapists consists of 2 phases and each phase is divided into 3 steps (38). In Phase 1, therapeutical interventions aiming to obtain better physical conditions for exercise are conducted with modalities, which are applied also in dentistry, in the following manner; Step 1: Electrophysical agents (EPA) such as heat pack and Transcutaneous electrical nerve stimulation (TENS), Step 2: Manual therapy such as joint manipulation, Step 3: Local exercise therapy such as stretching, resistance training. Once local conditions such as joint mobility and muscle stretchability are prepared after Phase 1, instructive interventions in Phase 2 to improve or maintain the applicability of motion by active exercise learning and endurance training are to be conducted. As exercise therapy for TMDs mostly focuses on the masticatory muscles and the temporomandibular joint, the basic flow should be modified for patients with orofacial pain, and functional exercise therapy such as range of motion training, muscle endurance training, and coordination exercise can be included for dentists in Phase 2. An RCT showed a significant effect of active exercise therapy, including stretching and coordination exercises, performed after manual therapy on pain relief, as well as functional physical ability, in patients with chronic nonspecific low back pain, compared to exercise therapy only (39). Considering this evidence, there is a possibility that the confusion observed in dentistry mentioned above could mislead dentists to make an ineffective treatment plan and potentially result in unsatisfying outcomes for TMD patients, which should definitely be avoided. Therefore, there is a need to reconsider the classification as therapeutic modalities with physiotherapy first and to create clinical recommendations on how to proceed the physiotherapy including exercise therapy for patients with TMDs as an overall framework of treatment or management of TMDs.

Standardized clinical guidelines on physiotherapy for hip/knee osteoarthritis, shoulder pain, rheumatoid arthritis, and neck and low back pain have been established (37, 40–42). As a future goal, the launch of such guidelines for exercise therapy for TMDs should be prioritized. The FITT principle is widely recognized as a method of straightforward exercise prescription in the medical field (43–46). FITT stands for Frequency, Intensity, Time, and Type of therapeutic exercise and medical professionals can prescribe a concrete exercise program suitable for each patient according to target disorders or diseases. Based on the findings in this systematic review, the very first clue to establish FITT for painful TMD conditions was detected. In the near future, multi-institutional collaborative research needs to be conducted to collect clinical data sufficient for forming promising evidence and further define the optimal FITT for TMDs, as well as other orofacial pain conditions.

In conclusion, exercise therapy can be an effective option for managing orofacial pain and temporomandibular disorders (TMDs). However, due to some limitations such as low certainty of evidence, the effectiveness of exercise therapy for TMD management should still be investigated further. To improve the effectiveness of exercise therapy for TMDs, a revision of the classification of therapeutic modalities and terminology is essential for transdisciplinary collaboration. The establishment of standardized clinical guidelines and the application of the FITT principle for exercise prescription would also be beneficial for the future of exercise therapy for TMDs and other orofacial pain conditions. Further research is needed to collect sufficient clinical data to establish the optimal FITT for TMDs.
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