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Preliminary Findings of the Efficacy of Botulinum Toxin in Temporomandibular Disorders:
Uncontrolled Pilot Study
Reprinted from: Life 2023, 13, 345, doi:10.3390/life13020345 . . . . . . . . . . . . . . . . . . . . . . 38

Leonardo Sette Vieira, Priscylla Ruany Mendes Pestana, Júlio Pascoal Miranda, Luana
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Preface

This Special Issue aimed to cover a diverse scope of topics, from diagnostics to the management

of temporomandibular disorders and myofascial pain, with a special focus on innovations in those

areas. Intense research progress in the subject as well as technological development, access to

knowledge, and novel digital tools allow developing more precise, reproducible, and dedicated

diagnostic and therapeutic protocols. We are thrilled to hear about new tools and equipment

assisting the diagnostic and treatment process, innovative therapeutic methods, new substances and

medications used, as well as novel modifications of already widely used methods.

Zuzanna Nowak and Aleksandra Nitecka-Buchta

Editors
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Editorial

Editorial for “Novel Diagnostic and Therapeutic Approaches in
Temporomandibular Disorders and Myofascial Pain” Special
Issue in Life
Zuzanna Nowak

Department of Temporomandibular Disorders, Medical University of Silesia in Katowice, Traugutta sq. 2,
41-800 Zabrze, Poland; zuzannaewanowak33@gmail.com

In the dynamic and complex field of temporomandibular disorders (TMDs), keeping
our knowledge up to date is of great importance. The following Special Issue focuses
on novel as well as established therapies [1–6], with an additional glimpse at diagnostic
improving tools and novel approaches [4,7,8], as well as epidemiological data [9].

Diagnosing and screening for TMDs is enduringly a relevant problem for general
practitioners. Many patients must visit several specialists, often from various fields, before
finding help. Moxley et al., based on the recent literature, pointed to the possibility of
introducing an artificial neural network-based program to aid the diagnostic process [4].
Kreiner et al., who created the program, showed its significant advantage over the diag-
nostic abilities of inexperienced general dental practitioners, as it has a sensitivity and
specificity close to 100% [10]. Another method described the assessment of personal sali-
vary endocannabinoid profiles for patients, which could be useful for screening purposes.
Another approach was suggested by Diaz-Saez et al., who attempted to assess the intra-
and inter-rater reliability of a novel device to evaluate tongue force [7]. In contrast to the
methods described above, it is a highly specialistic tool to aid in the search for possible
additional TMD risk factors, such as tongue dysfunction.

The understanding of TMDs gradually evolves toward a more biopsychosocial ap-
proach where patients’ pain and disabilities are no longer attributed to strictly mechanical
disruptions but may originate, in fact, from more complex causes, and their treatment
should be adequate [11,12]. It turns out that conventional treatments like occlusal splint
therapy, intramuscular and intracapsular injections, manual therapy, and pharmacotherapy
can be greatly improved by supplementing them with elements attributed to lifestyle
medicine that increase general well-being. Regulating sleep patterns, breathing, dietary
habits, and exercising, as well as learning stress management, benefits patients. Such
actions allow proper tissue regeneration and an increased pain tolerance threshold, which
creates a proper environment for patients’ recovery at the root of the problem. Following
general health improvement, a closer look at the orofacial area and local interventions are
still necessary.

Physiotherapy remains a successful local treatment for muscular TMDs. Vieira et al.
showed, in a quality systematic review, the evidence for the effectiveness of manual therapy
in managing TMDs [1]. Although this approach is nothing novel, there is ongoing research
to develop better protocols, as described by Moxley et al. [4]. Similarly, needling therapies
constantly reappear in the literature. In this Special Issue, de Sousa et al. and Blanco-Rueda
et al. presented their clinical findings as researchers and clinicians still lack standardized
protocols for effective therapies [3,5]. With a growing amount of research, the goal should
be to determine indications and contraindications for certain substances, the number of
sessions for which they should be administered, and their long term effects. A noticeable
trend within the studies points towards the use of more natural compounds like collagen,
platelet derived plasma (PRP), and hyaluronic acid, which show great effectiveness and
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safety in needling therapies. In some cases, a last resort treatment has to be applied
when patients are qualified for total joint replacement. The indications for such surgery
are very limited; however, its benefits for patients in need are enormous, as shown by
Speksnijder et al. in their clinical pilot study [6].

The following Special Issue presents a brief cross section through selected topics
related to TMDs, bringing some novel insights as well as contributing to topical domains.
It is an interesting read that should inspire further investigation within the complex subject
of TMDs and point to directions for further clinical research.

Funding: There is no specific funding to declair.

Conflicts of Interest: The author declares no conflict of interest.
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Novel Diagnostic and Therapeutic Approaches to
Temporomandibular Dysfunction: A Narrative Review
Brendan Moxley 1,* , William Stevens 1, Joel Sneed 1 and Craig Pearl 2

1 School of Dentistry, The University of Texas Health Science Center at Houston, Houston, TX 77054, USA;
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2 Department of Oral and Maxillofacial Surgery, The University of Texas Health Science Center at Houston,
Houston, TX 77054, USA; craig.b.pearl@uth.tmc.edu

* Correspondence: brendan.moxley@uth.tmc.edu

Abstract: Temporomandibular dysfunction (TMD) is a burgeoning area of study within the dental
field. TMD is caused by abnormalities in the temporomandibular joint or muscles of mastication
and can lead to pain, loss of function, and other complications. As this area of patient care receives
increased focus, the ability to accurately diagnose TMD becomes paramount. The aim of this review
is to summarize novel diagnostic and therapeutic techniques that have been proposed within the last
approximately 3 years in order to inform readers of the cutting-edge advances in the field of TMD
diagnosis and management, while also analyzing the clinical relevance of each study. A PubMed
search was completed on 1 March 2023, using MeSH terms related to TMD diagnosis and treatment.
The search yielded seven articles that pertained to the aim of this review article. The main findings
from each study are summarized in this review article. These novel methods of diagnosing and
treating TMD may improve our ability to assess and treat patients suffering from TMD.

Keywords: novel diagnosis; temporomandibular dysfunction; therapeutic

1. Introduction

Temporomandibular dysfunction (TMD) is the second most common musculoskeletal
disorder that causes pain and disability, affecting nearly 5% of Americans (~16 million
people) [1–4]. TMD is a condition that can be symptom-free, but more often causes patients
pain, discomfort, and dysfunction that can be profoundly debilitating. The treatment costs
and quality of life burden can be significant on these patients [5].

In fact, the proportion of TMD patients who experience at least one psychological
comorbidity is as high as 75% [6]. TMD is caused by dysfunction of the muscles of
mastication and/or the temporomandibular joint (TMJ) itself, and can lead to symptoms
such as pain, joint noises, impaired jaw function, and locking. This condition can be
hard to diagnose, and even harder to treat, as the manifestations of TMD are varied.
TMD patients may present overlapping symptoms with other chronic pain conditions,
including headache, fibromyalgia, and neurological conditions. The mechanism of this is
not certain, but is likely through the phenomenon of central sensitization, such as allodynia
and hyperalgesia [7–10]. There are numerous established methods of diagnosing TMD,
although none have a 100% success rate. There are also numerous established therapeutic
methods for treating TMD, with more being proposed every year, as this review article will
demonstrate; however, no therapeutic method demonstrates a satisfactorily high rate of
success.

Currently, the “gold standard” for TMD diagnosis is a Magnetic Resonance Imagine
(MRI) scan; however, many patients will suffer from TMD despite no obvious pathological
or mechanical disruptions [11]. Thus, TMD can be divided into three groups. Group I
includes TMD caused by muscle disorders, including myofascial pain with and without
limitations in mouth opening. Group II includes TMD caused by disc displacement with or
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without reductions and limitations in mouth opening. Group 3 includes arthralgia, arthritis,
and arthrosis [12].

As for TMD management, treatment depends on etiology, whether pathological, me-
chanical, musculoskeletal, or idiopathic. However, in the absence of malignant pathology,
conservative management protocols are usually recommended before surgical intervention,
which is considered a last-resort treatment. Popular conservative management includes the
prescription of muscle relaxants, the use of an occlusal splint, diet modification, and home
physiotherapy with patient education [1].

Due in part to the relatively low success rate of existing diagnostic and therapeutic
approaches in TMD, novel techniques are constantly being proposed. In this paper, an
updated review of the latest techniques is described.

2. Materials and Methods

An article by Wu et al. assessed the established and novel therapeutic remedies
available to TMD patients up to July of 2020. The aim of this article is to highlight novel
diagnostic and therapeutic approaches that have been published since then. In doing so, the
PICO question to be addressed is, “for patients suffering from TMD, do the novel diagnostic
and therapeutic approaches proposed in the scientific literature since July of 2020 suggest
efficacy in accurately diagnosing and managing their TMD compared with established
techniques?” We conducted an electronic search of the PubMed database between 1 July
2020 and 1 March 2023 using the MeSH terms “diagnosis and TMD, therapeutic treatment
and TMD, new treatment and TMD, new diagnostics and TMD”. In addition to excluding
by date, exclusion criteria were papers that were not published in English or those that
were not pertinent to TMD diagnosis or treatment (see Table 1).

Table 1. Inclusion and exclusion criteria for the narrative review.

Inclusion Criteria Exclusion Criteria

MeSH terms “diagnosis and TMD, therapeutic
treatment and TMD, new treatment and TMD, new
diagnostics and TMD”

Papers not pertinent to TMD Diagnosis or
treatment

Published between 1 July 2020 and 1 March 2023 Papers not published in English

3. Results

In total, 40 results were returned upon conducting the PubMed search, as described
above (see Figure 1). Five papers on novel TMD diagnosis were analyzed as fitting the
criteria for this paper. Additionally, four papers on novel TMD therapeutics were analyzed
as fitting the criteria for this study. The topics of each of the papers on TMD diagnosis
were AI neural networks, salivary endocannabinoid profiles, electronic signal analysis, a
novel MRI scoring system for TMD, and novel functional indices of masticatory activity.
The topics of the papers relating to TMD therapeutics include aromatherapy massage,
masticatory muscle relaxation techniques, radial extracorporeal shock wave therapy, and
light and LASER therapies (see Figure 1).

3.1. Novel Diagnostic Approaches to Temporomandibular Dysfunction
3.1.1. Novel Artificial Neural Network for TMD Diagnosis

At this time, artificial intelligence (AI) is primarily used within the medical field to aid
in the diagnosis and treatment of life-threatening conditions such as cardiovascular disease
and cancer. Although TMD has a similar prevalence to these conditions in the general
population, the use of artificial intelligence for the diagnosis and treatment of TMD is still
in its infancy. While TMD is not itself a life-threatening condition, TMD can present with
similar symptoms to life-threatening conditions. In fact, 4% of acute myocardial infarctions
present with pain in the craniofacial structures as the only symptom [13]. The complexity
of diagnosing TMD, in conjunction with the fact that many orofacial pain symptoms arise
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from other parts of the body, make proper TMD diagnosis a significant challenge for the
general practitioner.
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Given the successful use of AI for the diagnosis and treatment of other areas of
medicine, Kreiner et al. attempted to develop an algorithm to diagnose orofacial pain and
TMD with equal or higher accuracy than a general dentist [13]. Kreiner et al. created an
artificial neural network (ANN) which is a subset of AI. This program allows the input of
multiple pieces of information (patient symptoms, diagnostic imaging, etc.) and creates an
output (diagnosis). The Kreiner ANN was given the same patient scenarios as 12 general
dentists and asked to determine whether the patient’s pain was of orofacial origin, and
if so, to properly diagnose the condition. The neural network outperformed the dentists
on average. The neural network was clearly superior at diagnosing pain from outside the
orofacial region (e.g., referred cardiac pain, neuropathic pain). For example, only 25% of
clinicians could diagnose the cases of referred orofacial pain from myocardial infarctions.
The clinicians frequently chose diagnoses of “occlusal trauma”, “bruxism”, “periodontal
disease”, and “I do not know” instead. Only two clinicians could accurately diagnose the
patient suffering from migraine symptoms. Only half of the clinicians correctly diagnosed
TMD, while the ANN was able to correctly identify all cases. For pain of odontogenic
origin (e.g., pulpitis), there was no significant difference between the ANN and the general
dentists.

This study found that the novel ANN showed high diagnostic accuracy for the diagno-
sis of TMD. The results showed that the ANN had a sensitivity of 96.9% and a specificity of
95.5% for the diagnosis of TMD. These results indicate that the ANN was highly accurate
in identifying patients with TMD and distinguishing them from patients without TMD.
This level of accuracy was found to be comparable to or better than other diagnostic tools
currently used for TMD diagnosis, such as clinical examination and imaging.

The results suggest that the ANN could be a useful tool for the diagnosis of orofacial
pain and TMD. The ANN has several advantages over traditional diagnostic tools, including
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the ability to quickly and accurately analyze large amounts of data and identify patterns
and relationships that might be missed by human observers. Further research could focus
on improving the ANN’s diagnostic algorithms and exploring other potential applications
for ANN technology in dentistry and medicine.

Overall, this study demonstrates the promise of novel diagnostic tools using artifi-
cial intelligence. A simple neural network with only five layers of coding was able to
outperform a dozen clinicians on diagnoses ranging from TMD to migraines to referred
cardiac pain. More testing is needed before drawing conclusions about the widespread
applicability of this ANN, and more AI algorithms like it. However, this is an area that
contains vast potential for simplifying and streamlining the otherwise complicated task of
accurately diagnosing patients with TMD.

3.1.2. Salivary Endocannabinoid Profiles

Each individual possesses a unique endocannabinoid (eCB) profile within their saliva.
It has been suggested that this eCB profile may indicate the presence of underlying con-
ditions that cause pain, such as temporomandibular disorder. The eCB profile of patients
diagnosed with certain orofacial pain disorders has not been thoroughly studied. A study
by Heiliczer et al. attempted to classify certain eCB profiles according to patients with
current diagnoses of post-traumatic neuropathy, trigeminal neuralgia, temporomandibular
disorders, migraine, tension-type headaches, and burning mouth syndrome [14]. Correla-
tion analyses between eCB levels, a current and specific diagnosis, and pain characteristics
were conducted.

The study enrolled 126 participants, including 83 patients with chronic orofacial pain
or headache disorders and 43 healthy controls (see Figure 2). Saliva samples were collected
from all participants, and salivary levels of endocannabinoids and related compounds were
analyzed using liquid chromatography–tandem mass spectrometry. The results showed
significant differences in salivary endocannabinoid profiles between the patient group
and the control group. Specifically, the patient group exhibited significantly lower levels
of anandamide and 2-arachidonoylglycerol (AG), two endocannabinoids with known
analgesic and anti-inflammatory properties. The group of patients who currently suffer
from migraines had significantly lower levels of an eCB called PEA in their saliva. There
was a significantly increased level of AEA in the saliva of patients who suffer from burning
mouth syndrome. There were not significantly increased or decreased levels of any specific
eCBs in the temporomandibular disorder or post-traumatic neuropathy groups of this
study.

Heiliczer et al. suggest that these findings could have several clinical implications.
For example, salivary endocannabinoid profiles could be used as a diagnostic tool for
chronic orofacial pain and headache disorders. Additionally, the findings suggest that
endocannabinoid-based therapies, such as cannabinoid receptor agonists or inhibitors of
endocannabinoid degradation, could be effective in treating these conditions. Heiliczer et al.
also noted several limitations of the study, including the relatively small sample size and
the lack of longitudinal data. Future studies could address these limitations by enrolling
larger cohorts and following patients over time to assess the long-term effectiveness of
endocannabinoid-based therapies.

Overall, the study suggests that salivary endocannabinoid profiles could be a useful
tool for the diagnosis and management of chronic orofacial pain and headache disorders.
The findings also support the potential therapeutic value of endocannabinoid-based ther-
apies in these conditions. Further research is needed to confirm these findings and to
explore the underlying mechanisms of endocannabinoid signaling in chronic pain and
headache disorders. The fact that salivary samples of patients with certain orofacial pain
disorders demonstrated signature eCB patterns suggests that more research should be
conducted in this field. The potential to elucidate a certain eCB marker that correlates with
temporomandibular disorder exists and would aid in the diagnosis of TMD patients going
forward.
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3.1.3. Signal Analysis to Diagnose TMJ Hypermobility

Frequently, certain noises emanating from the temporomandibular joint (TMJ) lead
patients and clinicians to assume that temporomandibular dysfunction (TMD) must be
present. These noises often including clicking, popping, and crepitus, among others. These
noises can occur during speaking, eating, yawning, and other daily activities. However,
these noises do not always coincide with disorders, and can lead to misdiagnoses. In
fact, the noises caused by TMJ hypermobility are often errantly assumed to be caused by
TMD [15]. Grochala et al. conducted a study of noises emanating from the TMJ using
a novel technique called signal analysis [16]. This is a non-invasive technique that uses
an electronic stethoscope to record noises associated with the TMJ during the process of
opening and closing.

The researchers enrolled 47 patients who experienced noises emanating from their
temporomandibular joints. The participants completed the official and commonly used
research diagnostic criteria for temporomandibular disorder (RDC/TMD) questionnaire
to determine whether they likely had TMD or TMJ hypermobility. Next, a Littmann
3200 electronic stethoscope was used simultaneously on both sides of the head to record
TMJ sounds in function. These recordings were transferred to a computer for analysis of
the signals produced during opening and closing. The research revealed time–frequency
features in acoustic signals that are characteristic to TMJ hypermobility.

In this study, signal analysis was used to identify characteristic features of TMJ hyper-
mobility, such as abnormal movement patterns and increased joint laxity. Grochala et al.
developed a set of signal processing algorithms that were able to accurately distinguish
between patients with TMJ hypermobility and control subjects based on these features.
The signals were analyzed using several signal processing techniques, including Fourier
transform, Hilbert transform, and wavelet transform. These techniques enable the decom-
position of complex signals into their component frequencies and amplitudes, which can
then be analyzed to identify patterns and anomalies.

The results showed that the new diagnostic method was able to accurately distinguish
between patients with TMJ hypermobility and control subjects. Specifically, the method
had a sensitivity of 98.8% and a specificity of 100%, indicating that it was highly accurate
in identifying patients with TMJ hypermobility and excluding individuals without the
condition. The authors suggest that this novel diagnostic method could have several clinical
implications. For example, it could be used to identify patients with TMJ hypermobility
who might be at risk of developing more severe TMJ disorders or who might benefit from
early intervention to prevent further damage. Additionally, the method could be used to
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monitor the effectiveness of TMJ treatments over time. The authors note several limitations
of the study, including the relatively small sample size and the lack of validation in other
patient populations. Further research is needed to confirm the diagnostic accuracy of this
new method and to assess its potential clinical utility.

Signal analysis is a powerful tool for diagnosing and monitoring TMJ disorders
because it enables the objective measurement of joint movement and function. This can be
especially useful in cases where clinical examination alone may be insufficient to diagnose
or monitor the progression of the condition. Additionally, signal analysis can provide
valuable insights into the underlying biomechanical mechanisms of TMJ disorders, which
can inform the development of new treatments and interventions. By creating a database
of certain signals unique to patients with TMD versus those with TMJ hypermobility,
practitioners may be able to compare the sounds of undiagnosed patients with the signals
unique to certain diagnoses, and more accurately diagnose new patients. This is an area
of research that still needs extensive study and data collection before it can be definitively
used as a diagnostic aid; however, the potential benefit exists.

3.1.4. A Novel MRI Scoring System for TMD Diagnosis

Of the many diagnostic tools used by clinicians to diagnose TMD, magnetic resonance
imaging (MRI) is widely considered the gold standard [17]. Not only does this imaging
modality confer a high level of resolution of hard and soft tissue structures in the TMJ,
but it can also produce imaging of the joint in motion. However, MRI is only useful for
diagnosis if there is a reliable system for assessing the imaging and relating it to a diagnosis.
In 2018, Wurm et al. proposed a novel MRI-based scoring system to diagnose TMD. This
system offers a standardized evaluation using three main variables that assess key relevant
structural changes within the TMJ [18]. This system includes an assessment of the articular
disc, the direction of disc luxation, and osseous joint alterations. Although this novel
system has potential to be a useful diagnostic tool, the inter-rater reliability of the system
has not been assessed.

In 2022, Willenbrock et al. conducted a study to assess the inter- and intra-rater
reliability of the Wurm et al. MRI scoring system [19]. Willenbrock et al. enrolled 60 patients
with suspected uni- and bilateral TMD for assessment by two experienced radiologists.
Using MRI of these patients’ TMJs, the radiologists scored each patient on the Wurm et al.
scoring system. Inter-rater and intra-rater reliability were assessed using two different
methods: intraclass correlation coefficient (ICC) and weighted kappa coefficient. The results
showed high reliability for both methods, with ICC values ranging from 0.85 to 0.99 and
kappa values ranging from 0.76 to 1.00. No significant differences were found between both
observers for the articular disc and direction of disc luxation scores. Although significant
differences were found for the assessment of subtle osseous changes, these differences were
minor.

The correlation between the MRI-based scores and clinical assessments of TMD sever-
ity was also evaluated. The clinical assessments included pain intensity, jaw opening, and
joint sounds. The results showed a significant correlation between the MRI-based scores
and all three clinical assessments, indicating that the scoring system was able to accurately
reflect the severity of TMD. Willenbrock et al. noted that the new scoring system has several
advantages over existing systems. For example, it is based on MRI, which enables the
non-invasive assessment of TMJ abnormalities. Additionally, the system includes mul-
tiple categories of abnormalities, which provides a more comprehensive assessment of
TMJ health. However, Willenbrock et al. also noted some limitations of the system. For
example, the system requires specialized training to use, which may limit its accessibility
to some clinicians. Additionally, the system may not be able to detect some types of TMJ
abnormalities that are not visible on MRI scans.

In conclusion, Willenbrock et al.’s study concluded that the novel Wurm et al. scoring
system is reliable enough to use as a tool in the process of diagnosing patients with
suspected TMD. The high reliability and validity of the system suggest that it could be a
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useful tool for clinicians in diagnosing and managing TMDs. Further research is needed
to validate the system in larger patient populations and to explore its potential clinical
applications.

3.1.5. Novel Functional Indices of Masticatory Muscle Activity

It is well known that for muscle activity to occur, specific electrical signal pathways
within the musculature must occur. This includes the muscles surrounding the TMJ during
functional movements and at rest. The practice of measuring electromyography has been
applied to diagnosing bruxism [20], tension-type headaches [21], Down syndrome [22],
different occlusal features [23], motor neuron disease [24], and in TMD patients [25]. Ginszt
et al. hypothesized that analyzing masticatory muscle activity in patients with signs of
TMD using novel functional indices could aid in more accurate diagnoses [26]. This team
conducted a study in which 78 women were divided equally into two groups based on an
existing diagnosis of TMD or a healthy adult. In order to record the bioelectrical activity
of facial musculature, surface electromyography was used. The bioelectric activity of the
temporalis anterior, the superficial masseter, and anterior bellies of the digastric muscles
was recorded during functional clenching, functional opening, opening, and at rest. The
data collected were analyzed using a wavelet transformer to extract the time–frequency
characteristics of the surface electromyography signals. Ginszt et al. developed three
functional indices: the muscle activation index, muscle activity rhythm index, and muscle
contraction force index.

Statistical analysis of the results demonstrated significant differences between the
control group and TMD group in various categories. The results showed that the muscle
activation index was highest during clenching and lowest during chewing soft food. The
muscle activity rhythm index was highest during chewing hard food and lowest during
clenching. The muscle contraction force index was highest during chewing hard food and
lowest during chewing soft food. It was found that the control group had higher values
in all functional clenching indices. The most significant difference occurred on the left
side during clenching activity. It was found that there was considerable difference within
the range of motion during maximum active mouth opening. There were also significant
differences in some measurements in the resting position.

Although this study yielded statistically significant results between TMD and non-
TMD patients, the applicability of these results is still unreliable. Measuring electromyo-
graphic activity is a complex process, and the results cannot be predictably applied to
patient diagnoses and treatment recommendations at this time. There is potential for fur-
ther research in this area that could elucidate specific diagnosable trigger points and muscle
activity particular to TMD patients. Ginszt et al. posits that in order to verify and confirm
the validity and effectiveness of the use of the functional indices, replication studies must
be performed.

3.2. Novel Therapeutic Approaches to Temporomandibular Dysfunction

A PubMed search using the inclusion and exclusion criteria described in the Intro-
duction yielded very few results for novel therapeutic tools published since July 2020. In
total, four papers will be reviewed, but the first two articles described below are of limited
applicability, relevance, and/or reliability. They have been included in this review article
for the purpose of completeness.

Novel TMD Treatment Using Aromatherapy Massage with Lavender Oil

A study was published in the Journal of Craniofacial and Sleep Practice that inves-
tigated the effects of massage therapy on alleviating TMD pain symptoms. This therapy
theoretically reduces pain via activation of the pain–gate pathway, stimulates the parasym-
pathetic center, and re-establishes muscular length and flexibility, improves local blood
circulation, and increases the production of endogenous opioids [27]. This area of study
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has not received extensive study, and there is not a large body of evidence supporting its
efficacy.

Benli et al. conducted a randomized controlled trial to investigate the effects of
aromatherapy massage with lavender oil on pain reduction and maximal mouth opening in
patients with myogenous TMD compared with a control group. For this study, 90 patients
were selected based on stringent eligibility criteria: 30 patients were placed in the test
group, which received aromatherapy massage with lavender oil; 30 patients were placed in
the placebo group, and received massage therapy with sweet almond oil; 30 patients were
placed in the control group, and received no massage therapy. All patients abstained from
taking analgesic medication during the trial. Efforts were made to adequately control for
other variables; however, a detailed description of those measures is outside the scope of
this review.

The findings indicated that the aromatherapy massage group showed significant dif-
ferences compared with control and placebo groups in terms of maximal mouth opening
and the evaluated pain parameters (as measured by visual analog scale). At the beginning
of the trial, there was no difference in the two measurements between all groups. Immedi-
ately after the treatment, both groups that received aromatherapy massage demonstrated
statistically significant improvements in pain reduction and maximal opening compared
with the control group. The group that received lavender oil treatment demonstrated
significant improvements compared with the placebo group that received almond oil. At
two months post-procedure, both massage groups again demonstrated significant improve-
ments compared with the control group. Similarly, the group that received lavender oil
demonstrated more pain reduction and greater maximal opening than the almond oil group.
However, the difference in results compared with the control group declined compared
with measurements taken immediately after treatment. The limited results seemed to
suggest that the beneficial effects of treatment waned after a short period of time. These
results suggest that there may be merit to further investigation into the use of both massage
therapy and use of lavender oil as adjunctive, conservative treatment for pain reduction
and increased maximal opening in TMD patients.

3.3. Novel Manual Techniques in Masticatory Muscle Relaxation in TMD Treatment

A study was published in the International Journal of Environmental Research and
Public Health that investigates the degree of relaxation of muscles of mastication achieved
by manual release techniques. This study by Urbański et al. enrolled patients who are
currently undergoing prosthetic treatment to relieve TMD with a dominant muscular
component [28]. Sixty patients were randomly assigned to a group that received post-
isometric relaxation treatment or a group that received myofascial release treatment. Both
groups received ten treatment sessions and were assessed using surface electromyography
measurements of the anterior temporal and masseter muscles as well as the intensity of
spontaneous masticatory muscle pain assessed via the visual analog scale.

The results from the study demonstrated that both groups exhibited decreased electri-
cal activity in the temporalis and masseter muscles after treatment. Both treatment groups
also exhibited a significant drop in the intensity of spontaneous pain in the masticatory mus-
cle group. There was no significant difference in results between the two treatment groups.
Urbański et al. suggest that both post-isometric relaxation treatment and myofascial release
treatment are appropriate adjunctive treatments for TMD patients receiving prosthetic
treatment. The authors also discussed the mechanisms by which manual techniques may
exert their therapeutic effects. They suggested that manual techniques may help to release
tension and adhesions in the masticatory muscles, increase blood flow and oxygen supply
to the muscles, and stimulate the release of endorphins and other pain-relieving substances.

Overall, Urbański et al. concluded that manual techniques can be a valuable adjunctive
therapy in the treatment of TMDs. They suggested that manual techniques should be
considered as part of a comprehensive treatment plan that includes patient education,
stress management, and other therapies, such as physical therapy and pharmacological
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interventions. While this area of treatment demonstrates potential for certain patients, more
research is recommended before definitively adopting this treatment modality for TMD
patients.

3.3.1. Radial Extracorporeal Shock Wave Therapy for TMD

Radial Extracorporeal Shock Wave Therapy (rESWT) is an established treatment modal-
ity for treating a variety of musculoskeletal conditions. It involves using a machine with
a tip that appears similar to an ultrasound. It administers shock waves to the painful,
tense area for approximately 3 min every week, and has been shown to effectively reduce
pain in the area over time. In this study, this technique was tested in patients with tem-
poromandibular disorders to determine its efficacy in treating the pain exhibited by these
patients.

The study design included two groups: the first with eight patients who underwent a
series of physical exercises combined with rESWT, and the second group of seven patients
who served as a control as they underwent the same series of exercises but with sham
rESWT. The treatment regiment included 20 min of bilateral manual physical therapy
followed by 3 min of rESWT, one session a week for four weeks. Efficacy was measured
using two data points: the patient’s self-reported pain intensity according to the visual
analogue scale (VAS), as well as a surface electromyography evaluation (sEMG) of the
anterior temporalis and masseter muscles to assess muscle function. The sEMG test was
performed using four surface electrodes to detect the electrical activity of the masticatory
muscles. As these patients presented with trigger points, reduced electrical activity was
desired in the post-test for these patients as compared with the pre-test [29].

The results of the study were that the rESWT group exhibited statistically significant
pain reduction compared with the group receiving sham rESWT. Additionally, while
some providers question the efficacy of the sEMG test in clinical use, there were several
statistically significant data points between the two groups for this test as well. The authors
state that, to the best of their knowledge, this is the first study on rESWT in this application,
so further studies are warranted to confirm the efficacy of these findings, especially since
this technique demonstrates conflicting evidence in other areas of the body [30].

3.3.2. Light Therapy vs. LASER in Pain Reduction in TMD

Both red light therapy and LASER are techniques for treating TMD that have been
shown to be effective when compared with a control group in previous studies; however,
this study compared the two techniques to each other due to their similar mechanism of
action [31].

In terms of the mechanism of action, red light therapy works by providing heat to
the tender area, which causes vasodilatation of the adjacent blood vessels and increased
blood supply. The increased blood supply washes away the inflammatory mediators,
which improves patient symptoms. The mechanism of action of LASER therapy is similar,
although it is theorized that LASER therapy also increases cell metabolism and protein
synthesis. The biggest difference between the mechanism of the two techniques, however,
is the specific wavelength of the energy delivered, with LASER being higher energy that is
administered for a shorter duration.

Patients were randomly assigned to one of three groups: group A served as the control
because the LED light device was applied to the trigger points without turning them on;
group B received the LED light device that was turned on for 5 min; and group C received
low-level LASER therapy for 30 s. The VAS pain score and presence of trismus and trigger
points was assessed in four visits over 4 weeks.

The results of the study are that patients receiving either light therapy or LASER
showed statistically significant improvements in pain when compared with a control (con-
sistent with previously published literature); however, there were no differences between
LASER or light therapy groups when comparing the two treatments with each other. Re-
garding tenderness, both techniques were effective in reducing the number of trigger
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points, but the LASER technique was statistically significant, while the red light therapy
was insignificant. However, LASER devices are more expensive and more invasive, so the
lower cost and higher biosafety of the LED device may make it more clinically viable as a
technique [32,33].

4. Discussion

The field of TMD diagnosis and treatment is rapidly developing as our understanding
of the different etiologies of TMD progresses. Although numerous diagnostic and treatment
modalities have been established, room exists for improvement and innovation in this
area. Since July 2020, five novel diagnostic modalities and two novel therapeutic methods
have been proposed. The novel diagnostic modalities of an artificial neural network
for TMD diagnosis demonstrated the ability to diagnosis TMD and other myofascial
pain syndromes with equal or superior accuracy compared with clinicians. The use of
salivary endocannabinoid profiles demonstrated potential as a method to non-invasively
screen patients for TMD and other conditions that elicit distinct endocannabinoid profiles.
The use of signal analysis to diagnose TMJ hypermobility could potentially reduce the
number of patients who are erroneously diagnosed with TMD when, in fact, they have
hypermobile temporomandibular joints. The repeated testing of a novel MRI scoring
system demonstrated efficacy of the system and lends support to the continued use of it
as part of the TMD diagnosis algorithm. Finally, the use of novel functional indices of
masticatory muscle activity demonstrates potential as an adjunctive tool for accurate TMD
diagnosis.

Furthermore, since July 2020, four novel therapeutic methods have been proposed. The
use of aromatherapy massage with lavender oil as a treatment modality for TMD demon-
strated positive results. The use of manual techniques in masticatory muscle relaxation
to treat TMD also demonstrated potential as an adjunctive treatment modality. However,
these studies were limited by small sample sizes and reduced follow-up, so further research
is indicated before these therapeutic modalities are adopted as standard treatments. Radial
extracorporeal shock wave therapy, red light therapy, and LASER therapy are not new
treatment modalities for musculoskeletal problems generally, but studies published within
the last 3 years suggest efficacy for managing TMD.

Gender and age were not defined as exclusion criteria for this narrative review; how-
ever, TMD has been shown to present in higher frequency and severity in females than
males, with peak severity between ages of 20 and 40, which is consistent with the demo-
graphic data of the patients enrolled in each study reviewed [34–37].

Although some studies confer more evidence than others, these studies represent the
expanding boundaries of this area of patient care. There were limitations to the scope of this
review. In some cases, the same novel approach had multiple publications within the last
three years, especially in the topic of artificial intelligence (AI) for TMD diagnosis [35–37].
Additionally, although best efforts were undertaken to analyze all novel diagnostic and
therapeutic approaches to temporomandibular dysfunction, there are likely some research
articles that were not included.

In terms of clinical utility, further studies are warranted for all described novel di-
agnostic and therapeutic approaches before clinical adoption is recommended. The only
therapeutic approaches that are potentially clinically relevant at the current stage are radial
extracorporeal shock wave therapy and red light or LASER therapy due to the abundant
literature on these techniques in other parts of the body confirming their safety and efficacy,
combined with preliminary evidence suggesting that this safety and efficacy extends to the
temporomandibular region as well. However, all approaches are potentially suitable in the
academic setting if tested as the subject of further investigation.

5. Conclusions

Temporomandibular dysfunction is a condition that affects a significant proportion of
the population. TMD carries societal cost burdens as well as a substantially reduced quality
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of life for many patients. The articles included in this review represent the boundaries that
are being expanded in an effort to better care for this patient population. Although this
field has achieved considerable progress in recent years, further research is recommended
to advance the care of patients suffering from TMD.
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Abstract: Background: Measurements of tongue force are important in clinical practice during both
the diagnostic process and rehabilitation progress. It has been shown that patients with chronic
temporomandibular disorders have less tongue strength than asymptomatic subjects. Currently, there
are few devices to measure tongue force on the market, with different limitations. That is why a new
device has been developed to overcome them. The objectives of the study were to determine the intra-
and inter-rater reliability and the responsiveness of a new low-cost device to evaluate tongue force in
an asymptomatic population. Materials and Methods: Two examiners assessed the maximal tongue
force in 26 asymptomatic subjects using a developed prototype of an Arduino device. Each examiner
performed a total of eight measurements of tongue force in each subject. Each tongue direction was
measured twice (elevation, depression, right lateralization, and left lateralization) in order to test
the intrarater reliability. Results: The intrarater reliability using the new device was excellent for
the measurements of the tongue force for up (ICC > 0.94), down (ICC > 0.93) and right (ICC > 0.92)
movements, and good for the left movement (ICC > 0.82). The SEM and MDC values were below
0.98 and 2.30, respectively, for the intrarater reliability analysis. Regarding the inter-rater reliability,
the ICC was excellent for measuring the tongue up movements (ICC = 0.94), and good for all the
others (down ICC = 0.83; right ICC = 0.87; and left ICC = 0.81). The SEM and MDC values were
below 1.29 and 3.01, respectively, for the inter-rater reliability. Conclusions: This study showed a
good-to-excellent intra- and inter-reliability and good responsiveness in the new device to measure
different directions of tongue force in an asymptomatic population. This could be a new, more
accessible tool to consider and add to the assessment and treatment of different clinical conditions in
which a deficit in tongue force could be found.

Keywords: feedback; muscle strength; neurofeedback; rehabilitation; reproducibility of results tongue

1. Introduction

The tongue is a muscle that is part of the stomatognathic system and plays an im-
portant role in phonation, breathing, and eating [1,2]. The tongue has been classified as
a muscular hydrostat structure due to its ability of movement and deformation without
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a bone holder preserving its volume [2]. The tongue performs five main movements:
elevation, depression, protrusion, right lateralization, and left lateralization, and their
multiple combinations. These movements are important during eating function for the
intraoral manipulation of food and swallowing [3]. During chewing, the tongue muscles
must coordinate with the masticatory muscles and the temporomandibular joints (TMJ).
During breathing, tongue extrinsic muscles move the hyoid bone in the craniocaudal di-
rection, allowing the pharynx to open. In addition, tongue muscles are coordinated with
suprahyoid and infrahyoid muscles during swallowing and phonation. Therefore, muscle
balance, understood as a phenomenon in which agonist and antagonist muscles work in
coordination during voluntary movements or unexpected body perturbations, is important
for tongue function. This phenomenon allows maintaining neural control of movements
on a specific functional level and avoid excessive muscle control work. Likewise, it seems
that coactivation could increase stiffness and movement speed, increasing the stability in
kinematic chain cases. Thereby, any disturbance in muscle balance or dysfunction related
to the tongue can lead to dysphagia, dysarthria or breathing difficulties [4].

Different studies have shown that the function of the tongue can be compromised in
different clinical conditions such as oropharyngeal cancers [5], post-stroke sequalae [6],
sequalae associated with Parkinson Disease [7], scleroderma [4], and chronic temporo-
mandibular disorders (TMDs) [8]. For example, tongue weakness was shown to be as-
sociated with TMD patients with orofacial restricted mobility [9]. In addition, the aging
process may also contribute to tongue disturbances. In this way, it has been reported that
older adults have less tongue force than younger adults [10] and it is well known that
deficient tongue force can compromise the behavior and efficiency of mastication and
swallowing [11].

Due to the above-described factors, measurements of tongue force are important in
clinical practice during both the diagnostic process and rehabilitation process [7,12,13].
Currently, there are few devices to measure tongue force on the market. The four most used
and studied devices are the Kay Swallowing Workstation (KSW) [14], the Madison Oral
Strengthening Therapeutic (MOST) [15], the Iowa Oral Performance Instrument (IOPI) [16],
and the OroPress device [17]. The KSW (KayPENTAX Corporation, Lincoln Park, NJ, USA)
device is a computerized system with three sensors which allow performing multiple
simultaneous measurements in different tongue positions on the palate including pressure
measurements during swallowing [18]. However, it is not portable due to its large size
and it is very expensive. White et al. reported an excellent intrarater reliability in the KSW
device in a healthy population (ICC = 0.92) [19]. The MOST device is a portable device
with four or five sensors inside one intraoral piece with a small amount of pliable Reprosil
Dental Putty (DENTSPLY International, York, PA, USA), which allows measurements
of tongue isometric pressure against the hard palate in five different positions (anterior,
middle, posterior, right, and left). The intraoral piece provides stability to the sensors, and
it is easy to use by patients. The MOST device has not demonstrated its reliability and
validity yet [20]. However, due to its price, it is less accessible for professionals and patients.
Likewise, the IOPI (IOPI Northwest Company, LLC, Carnation, WA, USA) is the most used
device in research because it is easy to use, it is portable, and has a silicon air-filled bulb,
which allows measuring isometric tongue pressure against the hard palate. However, it
has poor sensor stability which may cause measurement errors [21], and to date, there are
no studies on validity and inter-rater reliability with the use of this device. Although a
good inter-rater reliability to measure the maximum isometric tongue force with the IOPI
was found (ICC > 0.75) [22], it has been shown to be less reliable than the other devices
due to artifacts on the measurements [21]. Finally, the OroPress device is composed of a
biomedical interface pressure transducer (BIPT-MS58 series, Measurement Specialities Ltd.,
Bevaix, Switzerland), an earpiece, and a wireless transmission module which transmits
data to a remote laptop or notebook computer for real-time viewing and recording. This
system measures the isometric and swallowing pressure applied by the tongue directly at
the sensor tongue interface compared to those which apply the pressure indirectly through
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a column of air or fluid. It is characterized as being portable, having low-cost sensors, and
being able to capture pressure while swallowing food or fluids. Oropress demonstrated
good-to-excellent ICC values (ICC = 0.86) for its reliability [17]. Nevertheless, this device
only has a pilot study trying to demonstrate its validity [17]. A bigger sample is needed to
develop a good study of validity, and an intra- and inter-rater reliability study must also be
carried out. This is very important to corroborate the safety, the psychometric properties,
and the clinical utility of all these devices.

In order to overcome the limitations of the devices and improve the features, a val-
idated, portable, handy, and lower-cost prototype device to measure tongue force was
developed. The prototype has an intuitive interface, and it has been developed to assess
and train tongue force in different movements, allowing its use not only for professionals,
but also for patients for clinical and home rehabilitation. The software includes videogames
with biofeedback for training at home which could increase the patient’s adherence to
the treatment [23]. The new device promotes patient independence in the rehabilitation
process and reduces social and health care costs [24]. This new instrument, unlike the
others developed up to now, proposes accurate assessments and future treatments based
on gamification (Table 1). Moreover, compared to current tongue force instruments, this
new device has already demonstrated good validity values and a high intrarater reliabil-
ity, ensuring its safe use in the clinic [25]. Nevertheless, as a first step in the validation
process, good inter-rater reliability for this device is also needed. Reliability is defined as
the probability that a system, instrument, or device could perform a specific function in
certain circumstances. It refers not only to the agreement but also the consistency between
measurements. Moreover, random and systematic errors are needed to obtain reliability
data and ensure accurate results. For this reason, devices must demonstrate a good stability
and reliability before their use or commercialization. This makes the device safer during its
use in a variety of clinical and research settings as well as by any type of person (profes-
sionals, patients, or patients’ relatives) and ensures the security to be used with patients
and different environmental conditions. According to this, it is established that this type
of study should be developed in healthy subjects at first for trying to protect vulnerable
individuals and could ensure that the device is safe for its condition. After that, reliability
studies must be performed in patients for demonstrating the clinical usefulness [26].

Table 1. Feature comparison between the new device, the IOPI, the KSW, and the MOST instruments.

Easy
Portability

Individualized
Exercises

Visual Feedback
and Videogames Home Training Patient

Follow-Up
Price of the

Device

NEW DEVICE X X X X X EUR 42,544
IOPI X X EUR 800–2000
KSW Not available

MOST X Not available
OROPRESS X X (feedback only) Not available

The main objectives of this study were to determine the intra- and inter-rater reli-
ability and the minimum detectable change (responsiveness) in the maximum tongue
force measurements using a newly developed device. The authors of the study wanted
to demonstrate that this device could measure with the same reliability independently
of the professional or patient who is using it. Since current commercial systems do not
have enough evidence of their validity or inter-rater reliability and due to the high costs of
technologies such as fluoroscopy, currently applied screening techniques are very subjective
and depend on the training and experience of the therapist. This makes the devices less
reliable. For this reason, demonstrating the reliability and sensitivity of our system would
help in developing more objective assessments, regardless of the therapist performing
the measurements.
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2. Materials and Methods

An intra- and inter-rater reliability single-blind study with repetitive measurements was
conducted based on the guidelines for reporting reliability and agreement studies (GRRAS) [27].
This study was approved by the Ethics Committee from the Centro Superior de Estudios
Universitarios La Salle (CSEULS) of the Universidad Autónoma de Madrid (project code:
CSEULS-PI-036/2019). Subjects were recruited from the CSEULS of the Universidad Autónoma
de Madrid. Participants were recruited through nonprobability sampling.

2.1. Subjects

A total of 26 asymptomatic subjects older than 18 participated in this study. The sample
size was calculated based on the intraclass correlation coefficient (ICC) values obtained in
previous studies [28–31]. An ICC of 0.90 was estimated based on the hypothesis. A sample
of 26 subjects with 2 measurements per subject was needed to achieve 80% power (β = 0.2)
to detect an ICC of 0.90, with a significance level of 0.05.

Subjects were excluded if they presented TMD, cancer, or an active infection of the
neck/head/mouth, had a history of orofacial or cervical surgery, had temporomandibu-
lar/orofacial/cervical acute pain before or during the test, were undergoing physical therapy
for the neck or craniofacial region, had more than 6 points out of 10 on the subjective perception
of fatigue scale, or had neurological disorders and rheumatic systemic disorders.

2.2. Instrumentation

The new low-cost prototype device, introduced in a previous article [23], was specif-
ically designed and developed to measure tongue force objectively and accurately. The
device consists of a physical part and associated software. The physical part consists of a
hardware system that measures the pressure exerted on a piezoelectric sensor (FSR 402,
Interlink Electronics Inc., Irvine, CA, USA) [32] and transmits the information with an
Arduino UNO via a wired connection to a personal computer, where the software is located
(Figure 1). This type of sensor is a very thin and flexible piezoelectric that does not cause
any discomfort to the patient. The software is responsible for processing and displaying
the information in real time. In addition, the software facilitates the recording of the demo-
graphic information of the subjects and the information recorded by the sensor is stored in
a database for the subsequent extraction of reports (Figure 2).
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Figure 2. Spanish prototype device interface view. (a): Configuration screen view for the main
characteristics and personal data of the patient, and the duration of the experiment; (b): Measurement
screen view for the specific movement that is being measured with the time, maximum force, force
exerted during each second, and a feedback representation of the force exerted.

The interface has a user-centered design for ease of use in the clinical environment. The
device can measure the pressure exerted on the sensor by placing it in different positions.
Depending on the positioning of the sensor, it is possible to measure the force exerted in
the following movements: lip to lip, tongue elevation (tongue against the anterior part of
the hard palate), tongue depression (tongue against the jaw), right tongue lateralization
(tongue against the right cheek), left tongue lateralization (tongue against the left cheek),
and their combinations.

2.3. Procedure

Two experienced physical therapists with more than 3 years’ experience working
in the cervico-craniofacial area were trained on how to perform the maximum tongue
force test and the whole intervention. The biomedical engineer that developed the device
specifically helped and trained both physical therapists on how to use the new device. The
tongue force test was performed on each participant in a sitting position for the tongue
movements mentioned above in Section 2.2. Two measurements of each tongue movement
were performed by each rater. The GraphPad Quickcals website was used to randomize
which assessor had to go first on the measurements. The measurements were performed on
the same day for both raters. Each rater was blind to the other rater’s measurements. The
subjects and raters were not able to see the results between the 2 measurements performed
for each movement.

A single-use hypoallergenic protective measure made of nitrile was used to cover the
sensor during the measurements for each subject (Figure 3). The single-use protection was
not changed during the whole test, only between different participants. The subjects were
asked to sit with their back against the chair, feet on the ground, and head in its natural
position. The tongue sensors were placed by the subjects following the instructions given
by the rater according to the movement tested. During the maximum tongue force test,
the subjects were then asked to exert the maximum tongue force against the sensor for
10 s. A 5 min resting period was used between each measurement. Firstly, for the lip-to-lip
movement, the sensor was placed between the lips, not including the teeth. Secondly, the
sensor was placed behind the superior incisors in the anterior part of the hard palate for
the tongue elevation movement. Thirdly, the subjects placed the sensor behind the inferior
incisors in the jaw for the tongue depression movement. Finally, right and left tongue
lateralization movements were developed by placing the sensor in the anterior part of the
right and left cheeks, respectively. The whole procedure is described in Figure 4.
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2.4. Analysis and Sample Size

The sample size was calculated based on the intraclass correlation coefficient (ICC)
values obtained in previous studies [28–31]. An ICC of 0.90 was estimated based on the
hypothesis. A sample of 26 subjects with 2 measurements per subject was needed to achieve
80% power (β = 0.2) to detect an ICC of 0.90, with a significance level of 0.05.

The interclass correlation coefficient and standard error of measurement (SEM) were
used to calculate the reliability. The ICC3,1 was designated as the two-way analysis of
variance mixed model for the absolute agreement of single measures. The ICC3,2 was
designated the same way as the ICC3,1 but using the average of the two measures of each
rater to determine the inter-rater reliability [33]. Intraclass correlation coefficient values
greater than 0.75 indicate good reliability, those between 0.50 and 0.75 indicate moderate
agreement, and those below 0.50 indicate poor agreement [33]. A 95% confidence interval
(CI) was also calculated, and p < 0.05 was used as the level of statistical significance.

Bland–Altman plots were constructed using mean differences between measure-
ments [34]. Limits of agreement (LOA) were calculated as mean differences ± (standard
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deviation multiplied by 1.96) [35]. Calculation of the occurrence of systematic or random
changes in the data means that it was performed through a calculation of 95% confidence
intervals (CI) of the mean differences between the values of the measurements.

The responsiveness was determined with minimal detectable change at 90%, which
was calculated as SEM × 1.65 ×

√
2 [36,37]. The MDC90 expresses the minimal change

required to be 90% confident that the change observed between two measurements reflects
a real change (sensitive measure) and not a measurement error.

3. Results

A total of 26 subjects were included in the reliability analysis (57.7% men and 42.3%
women). The average age of the sample was 25.69 years old with a standard deviation of
7.46 years old. In relation to body mass index, it was 26.1 (25.7–26.5; 95%CI) in men and
24.1 (23.7–24.7; 95%CI) in women. In addition, the percentage of participants with or in the
process of completing tertiary education was 63%. According to the Shapiro–Wilk test, the
data were normally distributed (p > 0.05).

3.1. Intrarater Reliability Results

The descriptive data for intrarater reliability, ICC3,1, SEM, MDC90, and Bland–Altman
analysis with the 95%CI and LOA are summarized in Table 2. Good-to-excellent intrarater
reliability for all tongue movements was found for both raters (ICC3,1 ≥ 0.80). The SEM
was <0.70 for rater A and <0.98 for rater B. The MDC was between 1.10 and 1.64 for rater A
and between 0.96 and 2.30 for rater B.

Table 2. Intrarater reliability (n = 26).

Outcome Measurements
(Newtons) Mean ± SD Mean ± SD

1st Measure 2nd Measure ICC (95%CI) SEM MDC 90%

Rater A

Elevation 6.92 ± 4.26 6.87 ± 3.94 0.97 (0.93–0.99) 0.70 1.64
Depression 6.02 ± 3.39 6.09 ± 3.43 0.96 (0.91–0.98) 0.68 1.58
Right 2.58 ± 1.77 2.45 ± 1.84 0.93 (0.85–0.97) 0.47 1.10
Left 2.11 ± 1.21 2.25 ± 1.40 0.84 (0.68–0.92) 0.52 1.21

Rater B

Elevation 6.19 ± 4.78 6.46 ± 4.07 0.95 (0.89–0.98) 0.98 2.30
Depression 5.17 ± 2.91 5.00 ± 2.87 0.94 (0.88–0.98) 0.70 1.64
Right 2.12 ± 1.69 2.37 ± 1.69 0.94 (0.87–0.97) 0.41 0.96
Left 1.83 ± 1.09 2.10 ± 1.22 0.82 (0.65–0.92) 0.49 1.14

Bland–Altman

Mean difference ± SD 95%CI LOA (Inf-Sup)

Rater A

Elevation 0.06 ± 1.05 (−0.34 to 0.46) (−2.00 to 2.12)
Depression −0.07 ± 0.98 (−0.45 to 0.31) (−2.00 to 1.85)
Right 0.13 ± 0.68 (−0.13 to 0.39) (−1.20 to 1.46)
Left −0.14 ± 0.73 (−0.42 to 0.14) (−1.57 to 1.29)

Rater B

Elevation −0.27 ± 1.42 (−0.82 to 0.28) (−3.05 to 2.51)
Depression 0.16 ± 0.97 (−0.21 to 0.53) (−1.74 to 2.06)

Right −0.24 ± 0.60 (−0.47 to
−0.01) (−1.42 to 0.94)

Left −0.27 ± 0.69 (−0.54 to
−0.005) (−1.62 to 1.08)

Abbreviations: ICC: intraclass correlation coefficient; CI: confidence interval; SEM: standard error of measurement;
MDC: minimum detectable change; SD: standard deviation; LOA: limits of agreement.
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3.2. Inter-Rater Reliability Results

The descriptive data for inter-rater reliability, ICC3,2, SEM, MDC, and Bland–Altman
analysis with the 95%CI and LOA are summarized in Table 3. Good-to-excellent intrarater
reliability for all tongue movements was found for both raters (ICC3,2 ≥ 0.80). The SEM was
<1.29. The MDC was between 1.20 and 3.01. Graphical representations of the Bland–Altman
plot are shown in Figure 5.

Table 3. Inter-rater reliability (n = 26).

Outcome Measurements
(in Newtons) Mean ± SD Mean ± SD

Rater A Rater B ICC (95%CI) SEM MDC 90%

Elevation 6.89 ± 4.07 6.32 ± 4.38 0.94 (0.86–0.97) 1.03 2.40
Depression 6.05 ± 3.37 5.08 ± 2.85 0.83 (0.57–0.93) 1.29 3.01
Right 2.52 ± 1.77 2.24 ± 1.66 0.87 (0.73–0.94) 0.61 1.43
Left 2.18 ± 1.26 1.97 ± 1.10 0.81 (0.63–0.91) 0.51 1.20

Bland–Altman

Mean difference ±
SD 95%CI LOA (Inf-Sup)

Elevation 0.57 ± 1.43 (0.02 to 1.12) (−2.23 to 3.37)
Depression 0.97 ± 1.65 (0.33 to 1.60) (−2.26 to 4.20)
Right 0.27 ± 0.86 (−0.06 to 0.60) (−1.42 to 1.96)
Left 0.21 ± 0.71 (−0.06 to 0.48) (−1.18 to 1.60)

Abbreviations: ICC: intraclass correlation coefficient; CI: confidence interval; SEM: standard error of measurement;
MDC: minimum detectable change; SD: standard deviation; LOA: limits of agreement.
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4. Discussion

As far as the authors know, this is the first study evaluating the maximum tongue
force in four different directions of tongue movement. According to the results, a good-to-
excellent intra- and inter-rater reliability was found for all movements. The measurements
were also responsive to detect real changes.

This was also the first study testing the reliability of a device with a force-sensitive
resistor (FSR) sensor to measure the maximum tongue force. Although the MOST device
is composed of the same type of sensor, its reliability has not been tested [20]. There is
currently no gold standard for maximum tongue force outcome measurements. That is
why the results from this study are compared with the devices that are often used in clinical
practice and research.

The present study has demonstrated an excellent intrarater reliability for maximum tongue
force measurements of the superior, inferior, and right tongue movements (ICC3,1 > 0.93) and a
good intrarater reliability for measurements of the left tongue movement (ICC3,1 > 0.82). The
measurements of the superior tongue movement obtained the highest ICC3,1 values (>0.95).
These values were slightly greater than those found for the reliability measurements of tongue
force in superior movements using the IOPI device, which ranged from 0.77 to 0.90 [38]. Like-
wise, better ICC values were obtained when compared to the study by White et al., who reported
an excellent intrarater reliability for the KSW device in a healthy population (ICC = 0.92) [19].
In reference to the Oropress reliability results, similar ICC values were found (ICC = 0.86) when
compared to the present study [17].

An excellent inter-rater reliability for measurements of the tongue force in elevation
(ICC3,2 = 0.94) and a good inter-rater reliability for measurements of the tongue force in
depression and right and left lateralization (ICCs3,1 = 0.83, 0.87 and 0.81, respectively)
were found in the current study. Youmans and Stierwalt (2006) obtained a 94% inter-rater
agreement (r = 0.94) during the maximum isometric force measurement using the IOPI
device [39]. The IOPI device is commonly used; however, it is only used to measure tongue
force in one direction (tongue elevation). Additionally, the IOPI analysis protocols are
different from the ones utilized in the present study. While the common IOPI protocol
for analysis uses the highest value obtained during the three tests or the mean of the
two best tests, the current study used the mean of the two measurements. Nevertheless,
researchers cannot define the analysis with any of the devices since there is no defined
protocol. Similarly to the IOPI device, the KSW instrument only measures superior tongue
force movement and commonly collects the higher measure of the three tests performed.

The inter-rater reliability of tongue force measurements using the IOPI device in
subjects with different conditions was reported to be good to excellent (ICC > 0.75) [22],
with the exception of a study evaluating dysarthria patients in which a moderate reliability
was found (ICC = 0.535) [22,38]. However, there are no recent studies available on the
evaluation of the inter-rater reliability for the IOPI in healthy subjects, and the authors
of this paper believe that this should be the first step prior to measurement and use in
patients. Likewise, there is no inter-rater reliability research for measuring tongue force
with the KSW device. The KSW device uses the same type of sensor as the IOPI, a silicon
air-filled bulb. The main difference is that the KSW bulb is fixed to the palate, providing
more stability and reliability. Probably due to its multiple functions, the KSW device is
used more for research evaluating tongue force during swallowing. According to Fei et al.,
the KSW device is more reliable than the IOPI when evaluating tongue force during the
function of swallowing [40].

Regarding responsiveness, the SEM values were low for elevation, depression, and
right and left tongue movements (1.03, 1.09, 0.60, and 0.51, respectively). The MDC
values were also low for elevation, depression, and right and left tongue movements:
2.40, 3.01, 1.43, and 1.20, respectively. Therefore, the new device was able to capture real
change in tongue measures in all directions. Although we can assure good reliability and
responsiveness for the device presented in this study in an asymptomatic population, we
cannot guarantee the same findings in symptomatic subjects yet. Only one previous study
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determined the SEM and the MDC of the IOPI device in asymptomatic subjects [38]. This
study estimated these values using standard deviation (SD), while the present study based
the calculation on the root mean square (RMS) [40]. The SD was used to estimate the SEM,
avoiding possible uncertainties due to the selected ICC type [35]. Therefore, the evaluation
of the SEM varies between studies. Additionally, a Bland–Altman method was used to
evaluate agreement, including the LOA. A good LOA was found, and the SEM, MDC, and
LOA revealed a good level of concordance. These values are very important for the use of
the device in clinical practice as they ensure that any improvement in tongue force is due
to the treatment rather than measurement errors.

This study demonstrated that the newly developed tongue force device is reliable
for measuring the maximum tongue force in different directions within and in between
professionals. The new device overcomes some limitations from the tongue devices com-
monly used in the literature. This validated, safe, portable, and easy-to-use device can
allow patients to perform tongue exercises at home, and the ability of the device to dis-
play the tongue activity in real time may increase their motivation to progress with their
rehabilitation program. All these features add to the fact that it is a low-cost instru-
ment. We recommend that future studies are needed to test the tongue force device
including both healthy subjects and patients. Additionally, future studies must include
in silico/computational simulation to ensure that the force data used from the device is
accommodated correctly [41].

4.1. Limitations

This study presents some limitations. Nonprobability sampling is always a limitation
of a study. Ideally, a sufficiently large population would have been accessible for probability
sampling. The reliability of the developed tongue force device was tested on healthy young
subjects mainly (at an average of 25.7 years of age) and, therefore, these results should be
taken with caution when transferring them to other populations. Further studies should
test the device in different age groups in order to generalize the results. Likewise, future
studies should include subjects with different health conditions. The results showed a
significant statistical difference in some values of the Bland–Altman plot. These differences
are close to 0 and all mean difference values are below the MCD in all cases. This led us to
assume those results are statistically significant but not clinically relevant. The minimal
clinically important difference (MCID) should be evaluated in future studies. Likewise, the
values of other populations must be established and validated in future studies as with any
measurement device or questionnaire.

4.2. Clinical Implications

From a neurophysiological point of view, it is known that the cerebral cortex has areas
where information (input and output) from the V (trigeminal nerve), VII (facial nerve), and
XII (hypoglossal nerve) cranial nerves is integrated [42]. In this way, these cranial nerves
control the muscles of mastication, facial gestures, and the tongue, respectively, in order
to achieve the optimal functionality of the entire system during speech and mastication,
among other functions. Additionally, we have already published an observational study
which showed significant differences in the maximum tongue force between asymptomatic
women and those with chronic temporomandibular disorder, corroborating the necessity
for the assessment of the tongue force in this pathology [43]. In this article, a decrease in
tongue strength of about 30% on average across all directions was found in the group of
patients with chronic TMD. In line with this, clinical experience shows that many patients
with TMD (especially the chronic type) have lingual alternations both in terms of flexibility
(length) and strength in various directions.

This new device to measure tongue force allows obtaining objective measurements of
tongue force in clinical practice in order to help clinicians with the diagnosis process and
treatment progression. This will give clinicians and patients real data to observe the changes
during the treatment. Moreover, the new tongue force device has a diagnostic interface and
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treatment interface with different games to train the force at home and in the clinic. This
training with games will motivate the patients and increase the adherence to the treatment.
This offers an accessible device for patients and clinicians due to the fact that the few that
are available in the market have this limitation and are much more expensive. Moreover,
its validity has been proved in a previous study that has been recently published [25]. This
could be a new tool to consider and add for the assessment and treatment of these patients.
Likewise, as a new tool in the treatment of TMD, it could decrease the sociosanitary costs
that this pathology implies for the sanitary system due to its chronicity.

5. Conclusions

This study showed a good-to-excellent intra- and inter-reliability for the newly de-
veloped device to measure the maximum tongue force in four different directions in an
asymptomatic population. The measurements with the new device were also able to detect
real changes, suggesting a more sensitive measure (good responsiveness in the device).
These results confirmed that the device is suitable for objective and precise tongue mea-
surements independently of the subject that is using this tool. The new prototype device
seems to be an improved tongue force measurement tool that is safe, validated, and more
accessible than others on the market.
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Simple Summary: Temporomandibular disorders are a major public health problem affecting ap-
proximately 10% of the population, currently the second most common musculoskeletal condition
after chronic low back pain, and causing disability and pain in patients who suffer from them, limiting
the individual’s daily activities and quality of life. Intra-articular injections have been proposed
as a specific treatment for joint inflammation and degeneration and have been shown to increase
mouth opening and decrease pain associated with these disorders, although long-term follow-up
is scarce in the literature. Our study compared the efficacy on TMJ pain of intra-articular injections
of betamethasone, sodium hyaluronate and platelet-rich plasma in a sample of 114 patients, with
a three-year follow-up, and found that both platelet-rich plasma and sodium hyaluronate led to
significant pain-free time after treatment; betamethasone was less effective.

Abstract: Temporomandibular joint disorders are associated with pain and reduced jaw mobility.
The aim of this study was to compare the long-term effect on pain of intra-articular TMJ injections
of betamethasone, sodium hyaluronate and platelet-rich plasma. The sample was made up of
114 patients, who were randomly distributed into three groups at least three years ago and who
achieved a total remission of pain after treatment. We found that the median number of months
without pain was, according to each group, as follows: platelet-rich plasma: 33; sodium hyaluronate:
28; betamethasone: 19. Both platelet-rich plasma and sodium hyaluronate lead to significant pain-free
time after treatment; when we compare bethametasone with the two other substances, it proved to be
very ineffective.

Keywords: temporomandibular disorders; arthralgia; sodium hyaluronate; betamethasone; platelet-
rich plasma

1. Introduction

Temporomandibular joint disorder (TMD) is a significant public health disorder af-
fecting between 5% and 12% of the population on average. After persistent low back
pain, TMD is the second most prevalent musculoskeletal disorder causing discomfort and

28



Life 2022, 12, 1739

impairment. [1] The Diagnostic Criteria (DC) for TMD is intended for use in any clinical
setting and supports the full range of diagnostic activities from screening to definitive eval-
uation and diagnosis. Using this, TMD could be divided into muscle disorders (including
myofascial pain with or without referral and with or without mouth opening limitation)
and intra-articular disorders (including disc displacement with or without reduction and
mouth opening limitation, arthralgia, arthritis and degenerative joint disorders) [2].

The most common clinical manifestations are pain, mouth opening limitation, muscle
or joint tenderness on palpation, changes of mandibular movements, joint sounds and
otologic complaints like tinnitus or vertigo [3].

Temporomandibular joint disorders (TMJDs) is a collective term that refers to a range
of pathologies affecting the jaw joints and associated structures, resulting in internal joint
space dysregulation, bony changes and degenerative pathologies. TMJDs are characterized
by pain, joint noise, limited range of motion, impaired jaw function, deviation when
opening and closing the mouth and open locking. They are a very common pathological
agent affecting about 10% of the population, and are twice as frequent in women than in
men [4–6].

In clinical practice, different treatments have been proposed to alleviate joint pain and
disc displacement, including conservative therapies such as non-steroidal anti-inflammatory
drugs (NSAIDs), mandibular rest, splints and physiotherapy, as well as surgical procedures
such as arthrocentesis, disc repositioning or discectomy in patients who do not respond to
conservative treatments. A conservative approach should always be taken primarily [7,8].

In 1953, Horton et al. were the first to propose intra-articular administration of corticos-
teroids (CS) for the treatment of temporomandibular joint osteoarthritis (TMJO) [9]. Since
then, several investigators have confirmed that intra-articular injections of hydrocortisone,
prednisolone and betamethasone reduce joint pain. It is commonly accepted that therapy
with intra-articular corticosteroid injections is a procedure used mainly in patients who
have not achieved satisfactory results with other less invasive approaches [10,11].

Sodium hyaluronate (SH), a hyaluronic acid (HA) derivative, is a material of high
molecular density and high viscosity, essential for joint lubrication and cartilage protection,
which would reduce granulation tissue formation and intra-articular adhesions, having
been proposed as an additional therapy with similar therapeutic effects [12,13]. There is
speculation as to whether SH not only acts as a viscosupplement in reducing mechanical fric-
tion, but also plays a role in inflammatory mediators in the osteoarthritic phase, controlling
the proteolytic activation of plasminogen activator and preventing the release of proinflam-
matory mediators such as IL-1b or the indirect activation of metalloproteinases [14].

Platelet-rich plasma (PRP) is an autologous blood product obtained by peripheral
venipuncture and subsequent centrifugation. The concentrated plasma product contains
a high concentration of platelets, which play important roles in tissue homeostasis and
control of inflammation, as well as in inhibition of chondrocyte apoptosis, bone and
vascular remodeling and collagen synthesis. Certain studies have compared the clinical
results of intra-articular injection of PRP with other conservative treatment methods such
as corticosteroid injection [15–17].

Platelets are enucleated cells derived from megakaryocytes [18]. When platelets are
activated, the growth factors contained in the α-granules react in a localized and specific
manner. These growth factors, in addition to coagulation factors, cytokines, chemokines
and other proteins contained in platelets, have been shown to induce proliferation of
chondrocytes and chondrogenic mesenchymal stem cells (MSCs), which promote the
secretion of cartilaginous matrix from chondrocytes and reduce the catabolic effects of
proinflammatory cytokines [19–23].

The aim of this study was to analyze how long a patient could remain pain free after
being treated with one of three intra-articular infiltrations—betamethasone, SH or PRP—as
a continuation of a previous study [23] that assessed the short-term effect of these three
infiltrations. From that research we selected the patients who achieved complete pain
remission after treatment and followed them for three years. No patient dropped out.
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2. Materials and Methods
2.1. Patients

A sample of 114 patients who were diagnosed with TMJ arthralgia was selected,
according to the original version of the diagnostic criteria for TPMJDs, such as local pain
modified with movement and pain on palpation, and who were treated with intra-articular
injection of PRP, SH or betamethasone, achieving no pain after treatment and who were
followed up for at least 3 years, in order to study the duration of the treatment effect. The
patients were recruited and treated, after the conservative approach showed no effect, in
consultations within the framework of the Occlusal Rehabilitation Course of the University
of Coimbra, organized by the Faculty of Medicine. All patients agreed to participate in
the research and signed the consent forms. This study was conducted in accordance with
the Declaration of Helsinki and was approved by the ethics committee of the Faculty of
Medicine of the University of Coimbra (Coimbra, Portugal). This study was approved on
25 June 2017 by the institutional review board (IRB 06-2017-096). No patient has dropped
out from the study.

2.2. Inclusion and Exclusion Criteria

Inclusion: All patients with a clinical history of more than 6 months of TMJP that is
modified by mandibular movement in function or parafunction; pain present on clinical
examination on opening, lateral movements or palpation; and without previous effective
treatment. All patients included in this study have achieved, after treatment, a grade 0
according to the Visual Analogic Scale (VAS).

Exclusion: patients who had received effective previous treatment for TMJ dysfunc-
tion; patients suffering from any rheumatic pathology such as rheumatoid arthritis or
psoriatic arthritis (including juvenile arthritis); patients undergoing hypnosis; pregnant or
breastfeeding women; patients under 18 years of age; and patients who had partial or no
relief of the pain condition and had to receive another treatment.

Prior to treatment, patients were randomly assigned to three groups: patients receiving
an intra-articular injection of PRP, betamethasone or SH.

2.3. Treatments

The following protocol was followed: after disinfection of the preauricular area,
patients were injected with 1 mL of articaine (40 mg/mL) and adrenaline (10 µg/mL). A 23-
gauge needle was used to inject 1 mL of betamethasone (Diprofos Depot®, Schering-Plough
Labo, Heist-Op-Den-Berg Belgium 14 mg/2 mL) or 1 mL of SH (Hyalart®, Grunenthal
GmbH, Achen, Germany, 20 mg/2 mL). The exact puncture point was determined by
tracing the canthus-tragus line and measuring 10 mm from the tragus and 2 mm below the
line. The zygomatic arch was palpated, and patients were asked to open their mouth to
move the condyle forward. The position of the needle was from outside to inside, top to
bottom, and back to front. Patients were informed that they might experience discomfort
in the region. No analgesic or anti-inflammatory drugs were prescribed. During the whole
process, all patients were always followed by the same professional. Alternatively, after
signing the informed consent, patients were randomly assigned to the corresponding
treatment group. Each patient’s treatment was assigned by means of a randomization
list automatically generated before the start of the study in which the treatment approach
was determined.

In the PRP group, injections were preceded by drawing the patient’s peripheral blood
from the cubital vein into a glass tube with sodium citrate as anticoagulant. After mixing
the blood with the citrate, with rotating movements, the tubes were centrifuged at 3200 rpm
for 12 min. After careful aspiration of the platelet-rich plasma into a syringe, 2 mL of PRP
was injected into the TMJ following the procedure described above for betamethasone and
sodium hyaluronate injections.
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2.4. Statistics

The statistical analysis focused on the description of the data using absolute and
relative frequencies for qualitative and mean variables, minimum and maximum standard
deviation for quantitative variables. Sex was evaluated between the different groups by
Fisher’s exact test and age by the Kruskal-Wallis test. Pain-free time was compared between
the groups by means of the ANCOVA test in which age was used as a covariate and sex as
an additional factor. Weibull analysis was also performed to determine the median time
without pain. The assumption of normality was evaluated by the Shapiro-Wilk test.

In the statistical analysis, a significance level of 0.05 was considered, having been
performed on the IBM® SPSS® v26 platform and on MATLAB (R2019b).

3. Results

The sample of this study was composed of 114 individuals, 27 men and 87 women
randomly distributed in 3 groups.

In the betamethasone group there were 8 men and 26 women, the mean age was
41.2 years, the youngest being 18 years and the oldest 66 years.

In the SH group the gender distribution was 9 men and 30 women. With respect to
age, the minimum was also 18 years, while the maximum was 65 years.

Finally, in the PRP group, composed of 10 men and 31 women, the age range was 18
to 66 years, with a mean of 37.6.

The maximum number of months of follow-up of the patients was 36 months (3 years).
It is important to mention that 33 of the 41 patients treated with PRP were permanently
pain-free. The same result was obtained by 19 of 39 patients treated with SH. The worst
result was observed in the betamethasone group, in which only 9 of the 34 patients were
able to remain pain-free for the entire 36-month period.

The following table shows the statistics of age and sex in the three groups defined by
the substance injected (Table 1).

Table 1. Age and sex statistics in the three groups.

PRP (41) SH (39) Betamethasone (34)A p

sex (M/F) 10/31 (24.4%/75.6%) 9/30 (23.1%/76.9%) 8/26 (23.5%/76.5%) 1.000 §

age x ± sd (min/max) 37.6 ± 15.0 (18/66) 39.1 ± 13.1 (18/65) 41.2 ± 15.3 (18/66) 0.570 £

§ Fisher; £ Kruskal-Wallis exact test.

Statistics on pain-free time are presented in Table 2. Figure 1 shows the distribu-
tion of pain-free times for the three groups. The results emphasize the contrast between
betamethasone and the two other substances.

Table 2. Pain-free time for PRP, SH and betamethasone.

PRP (41) SH (39) Betamethasone (34)A p

time x ± sd (min/max) 32.0 ± 9.0 (3/36) 26.8 ± 11.4 (1/36) 20.4 ± 11.2 (2/36) 0.005 #

# ANCOVA (age: p = 0.827; gender: p = 0.403).
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terms of administered substances, but neither age (p = 0.827) nor sex (p = 0.403) have an
impact on pain-free time. To compare the groups among themselves, the Dunn-Sidak
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- PRP vs. SH: p = 0.048
- PRP vs. Betamethasone: p < 0.001
- SH vs. Betamethasone: p = 0.069

The following figures show the probability curve of pain-free time obtained by Weibull
analysis (Figures 2–4).
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4. Discussion

The TMJ is the only double joint in which two separate joints must move in a coor-
dinated manner. if an imbalance is caused it can result in pathological states of one or
both sides of the joint. In modern society, increasingly stressful eating habits and lifestyles
make an increasing percentage of the population susceptible to TMD [24]. Intra-articular
injection therapy is used particularly in patients who do not obtain favorable results with
other conservative methods. The aim of this study was to analyze the effects of three
intra-articular infiltrations (betamethasone, SH and PRP) on TMJ joint pain following the
same protocol of a previous randomized clinical trial that evaluated the short-term effect of
these three substances [23].

Several previous studies have demonstrated the efficacy of intra-articular infiltrations
of betamethasone, HA and PRP [4,6,13,25–32], despite the fact that most research relates
infiltrations to more invasive procedures, such as arthrocentesis, which is especially use-
ful in TMJDs and can be performed as an outpatient treatment under local anesthesia.
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Currently, arthrocentesis generally uses two needles, one for serum inflow and one for
outflow, although techniques using a single needle have been described [33], but there is
no evidence of superiority of the latter [34].

Moreover, it should be noted that this type of treatment does not require the use of
complex or expensive equipment [35].

Most studies point to the short-term benefits of this type of treatment, with a paucity
of long-term studies [36]. Intra-articular betamethasone injections have been the most
widely followed [37,38].

Gokçe et al. [11], in a study of 60 patients, compared clinically and radiologically the
effects of PRP, HA and corticosteroid injections in osteoarthritis of the TMJ, finding no
significant (short-term) differences in the assessment of crepitus or pain. Jüni et al. [39], in
a Cochrane review of 27 trials with 1767 participants, drew attention to the use of intra-
articular corticosteroids, their benefits and safety, highlighting the uncertainty of their
clinical benefits, together with the low methodological quality of the included RCTs. They
further highlighted the lack of benefit after 6 months of follow-up, coinciding with our
study, in which both PRP and SH led to significant time without pain after treatment, while
betamethasone was less effective.

Comparative randomized studies of intra-articular injections of HA (SH) or cortico-
steroids (betamethasone) into the TMJ have not demonstrated substantial differences
between the two therapies. Follow-ups of one or two years reported sustained and sub-
stantial reductions in TMJ symptoms and increased joint mobility [28,38]; Tanaka et al. [40]
used HA injections to increase synovial fluid viscosity and decrease inflammatory markers,
but despite short-term clinical improvement, their research did not provide evidence to
support the hypothesis that HA can modify the arthritic environment and reverse or slow
long-term cartilage deterioration. Hegab et al. demonstrate that HA injections have similar
effects to PRP injections at mid-term follow-up; however, PRP allows for better results
in long-term follow-up, with no recurrence of joint pain and sound at 12 months [41];
Al-Delayme et al. reported the efficacy of PRP injection as a primary treatment for nonre-
ducing disc displacement but limited the period of clinical benefit to 6 months, after which
an additional injection may be necessary [42].

PRP has an effect on chondrogenic differentiation and tissue remodeling. It has been
studied more in other joints than in the TMJ [43]. Given the anti-inflammatory potential of
PRP, several studies and meta-analyses have explored the curative effect of intra-articular
PRP injection in the treatment of patients with joint pathology [44–47].

A study by Joshi Jubert et al. concluded that PRP was effective in relieving pain and
improving TMJ function, although the effects of PRP were comparable with the effects
of corticosteroids in patients with advanced stage osteoarthritis (OA) [48]. Other studies
argued that a single injection of PRP relieved pain and symptoms better than corticosteroids,
noting that PRP produced beneficial effects in the treatment of OA, up to 12 months after
intra-articular injection [49,50]. Some research has indicated that the benefits of intra-
articular PRP injections in the reduction and relief of joint pain may be due to its effect on
inflammatory mediators, increasing jaw dynamics and masticatory performance [27,51,52].

In general, the results of the different studies on the use of betamethasone, SH and PRP
in the treatment of TMJ diseases coincide with the results of our studies. Our first study [23]
compared the effectiveness of intra-articular injections with SH, PRP and betamethasone
in the short term (1 week, 1 month and 6 months). In that study, betamethasone and SH
intra-articular injections showed the greatest decrease in pain in the first week, but at
6 months, PRP showed the best results. This second, long-term investigation confirmed
our first results.

5. Conclusions

In our study, both PRP and SH led to significant pain-free time after treatment; be-
tamethasone was less effective. However, more rigorous randomized controlled trials with
long-term follow-up are needed.
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PRP Platelet-rich plasma
MSCs Mesenchymal stem cells
VSA Visual Analogic Scale

References
1. Valesan, L.F.; Da-Cas, C.D.; Réus, J.C.; Denardin, A.C.S.; Garanhani, R.R.; Bonotto, D.; Januzzi, E.; de Souza, B.D.M. Prevalence of

temporomandibular joint disorders: A systematic review and meta-analysis. Clin. Oral. Investig. 2021, 25, 441–453. [CrossRef]
[PubMed]

2. Schiffman, E.; Ohrbach, R.; Truelove, E.; Look, J.; Anderson, G.; Goulet, J.; List, T.; Svensson, P.; Gonzalez, Y.; Lobbezoo, F.; et al.
Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) for Clinical and Research Applications: Recommendations of
the International RDC/TMD Consortium Network* and Orofacial Pain Special Interest Group. J. Oral. Facial. Pain Headache 2014,
28, 6–27. [CrossRef] [PubMed]

3. Jin, L.J.; Lamster, I.B.; Greenspan, J.S.; Pitts, N.B.; Scully, C.; Warnakulasuriya, S. Global burden of oral diseases: Emerging
concepts, management and interplay with systemic health. Oral Dis. 2016, 22, 609–619. [CrossRef]

4. Gencer, Z.K.; Özkiris, M.; Okur, A.; Korkmaz, M.; Saydam, L. A comparative study on the impact of intra-articular injections of
hyaluronic acid, tenoxicam and betametazon on the relief of temporomandibular joint disorder complaints. J. Craniomaxillofac.
Surg. 2014, 42, 1117–1121. [CrossRef] [PubMed]

5. Nicot, R.; Raoul, G.; Ferri, J.; Schlund, M. Temporomandibular disorders in head and neck cancers: Overview of specific
mechanisms and management. J. Stomatol. Oral Maxillofac. Surg. 2020, 121, 563–568. [CrossRef]

6. Chung, P.Y.; Lin, M.T.; Chang, H.P. Effectiveness of platelet-rich plasma injection in patients with temporomandibular joint
osteoarthritis: A systematic review and meta-analysis of randomized controlled trials. Oral Surg. Oral Med. Oral Pathol. Oral
Radiol. 2019, 127, 106–116. [CrossRef]

7. Ouanounou, A.; Goldberg, M.; Haas, D.A. Pharmacotherapy in Temporomandibular Disorders: A Review. J. Can. Dent. Assoc.
2017, 83, h7. [PubMed]

8. Ferrillo, M.; Nucci, L.; Giudice, A.; Calafiore, D.; Marotta, N.; Minervini, G.; d’Apuzzo, F.; Ammendolia, A.; Perillo, L.; de Sire, A.
Efficacy of conservative approaches on pain relief in patients with temporomandibular joint disorders: A systematic review with
network meta-analysis. Cranio 2022, 23, 1–17. [CrossRef]

9. Horton, C.P. Treatment of arthritic temporomandibular joints by intra-articular injection of hydrocortisone. Oral Surg. Oral Med.
Oral Pathol. 1953, 6, 826–829. [CrossRef]

10. McCrum, C. Therapeutic Review of Methylprednisolone Acetate Intra-Articular Injection in the Management of Osteoarthritis of
the Knee—Part 1: Clinical Effectiveness. Musculoskelet. Care 2017, 15, 79–88. [CrossRef]

11. Gokçe Kutuk, S.; Gökçem, G.; Arslan, M.; Özkan, Y.; Kütük, M.; Kursat Arikan, O. Clinical and Radiological Comparison of
Effects of Platelet-Rich Plasma, Hyaluronic Acid, and Corticosteroid Injections on Temporomandibular Joint Osteoarthritis. J.
Craniofac. Surg. 2019, 30, 1144–1148. [CrossRef] [PubMed]

35



Life 2022, 12, 1739

12. Santagata, M.; De Luca, R.; Lo Giudice, G.; Troiano, A.; Lo Giudice, G.; Corvo, G.; Tartaro, G. Arthrocentesis and Sodium
Hyaluronate Infiltration in Temporomandibular Disorders Treatment. Clinical and MRI Evaluation. J. Funct. Morphol. Kinesiol.
2020, 5, 18. [CrossRef] [PubMed]

13. Giraddi, G.B.; Siddaraju, A.; Kumar, A.; Jain, T. Comparison Between Betamethasone and Sodium Hyaluronate Combination with
Betamethasone Alone After Arthrocentesis in the Treatment of Internal Derangement of TMJ-Using Single Puncture Technique: A
Preliminary Study. J. Maxillofac. Oral Surg. 2015, 14, 403–409. [CrossRef] [PubMed]

14. Iturriaga, V.; Bornhardt, T.; Manterola, C.; Brebi, P. Effect of hyaluronic acid on the regulation of inflammatory mediators in
osteoarthritis of the temporomandibular joint: A systematic review. Int. J. Oral Maxillofac. Surg. 2017, 46, 590–595. [CrossRef]
[PubMed]

15. Wu, P.I.; Diaz, R.; Borg-Stein, J. Platelet-Rich Plasma. Phys. Med. Rehabil. Clin. N. Am. 2016, 4, 825–853. [CrossRef]
16. Bennell, K.; Hunter, D.; Paterson, K. Platelet-rich plasma for the management of hip and knee osteoarthritis. Curr. Rheumatol. Rep.

2017, 19, 24. [CrossRef]
17. Campbell, K.A.; Saltzman, B.M.; Mascarenhas, R.; Khair, M.M.; Verma, N.N.; Bach, B.R., Jr.; Cole, B.J. Does intra-articular

platelet-rich plasma injection provide clinically superior outcomes compared with other therapies in the treatment of knee
osteoarthritis? A systematic review of overlapping meta-analyses. Arthroscopy 2015, 31, 2213–2221. [CrossRef]

18. Machlus, K.; Thon, J.; Italiano, J. Interpreting the developmental dance of the megakaryocyte: A review of the cellular and
molecular processes mediating platelet formation. Br. J. Haematol. 2014, 165, 227–236. [CrossRef]

19. Ludwig, H.; Birdwhistell, K.; Brainard, B.; Franklin, S. Use of a cyclooxygenase-2 inhibitor does not inhibit platelet activation or
growth factor release from platelet-rich plasma. Am. J. Sports Med. 2017, 45, 3351–3357. [CrossRef]

20. Cole, B.; Seroyer, S.; Filardo, G.; Bajaj, S.; Fortier, L. Platelet-rich plasma: Where are we now and where are we going? Sports
Health 2010, 2, 203–210. [CrossRef]

21. Watson, S.; Bahou, W.; Fitzgerald, D.; Ouwehand, W.; Rao, A.; Leavitt, A. Mapping the platelet proteome: A report of the ISTH
Platelet Physiology Subcommittee. J. Thromb. Haemost. 2005, 3, 2098–2101. [CrossRef] [PubMed]

22. Xie, X.; Zhang, C.; Tuan, R. Biology of platelet-rich plasma and its clinical application in cartilage repair. Arthritis Res. Ther. 2014,
16, 204. [CrossRef] [PubMed]

23. Sousa, B.M.; López-Valverde, N.; López-Valverde, A.; Caramelo, F.; Fraile, J.F.; Payo, J.H.; Rodrigues, M.J. Different Treatments
in Patients with Temporomandibular Joint Disorders: A Comparative Randomized Study. Medicina (Kaunas) 2020, 56, 113.
[CrossRef] [PubMed]

24. Boughner, J.C. Implications of vertebrate craniodental evo-devo for human oral health. J. Exp. Zool. B Mol. Dev. Evol. 2017, 328,
321–333. [CrossRef]

25. Moldez, M.; Camones, V.; Ramos, G.; Padilla, M.; Enciso, R. Effectiveness of Intra-Articular Injections of Sodium Hyaluronate or
Corticosteroids for Intracapsular Temporomandibular Disorders: A Systematic Review and Meta-Analysis. J. Oral Facial Pain
Headache 2018, 32, 53–66. [CrossRef]

26. Vingender, S.; Restár, L.; Csomó, K.B.; Schmidt, P.; Hermann, P.; Vaszilkó, M. Intra-articular steroid and hyaluronic acid treatment
of internal derangement of the temporomandibular joint. Orv. Hetil. 2018, 159, 1475–1482. [CrossRef]

27. Goiato, M.; Da Silva, E.V.F.; De Medeiros, R.; Túrcio, K.; Dos Santos, D. Are intra-articular injections of hyaluronic acid effective for
the treatment of temporomandibular disorders? A systematic review. Int. J. Oral Maxillofac. Surg. 2016, 45, 1531–1537. [CrossRef]

28. Kopp, S.; Carlsson, G.E.; Haraldson, T.; Wenneberg, B. The short-term effect of intra-articular injection of sodium hyaluronate and
corticosteroid on temporomandibular joint pain and dysfunction. J. Oral Maxillofac. Surg. 1985, 43, 429–435. [CrossRef]

29. Bjørnland, T.; Gjærum, A.A.; Møystad, A. Osteoarthritis of the temporomandibular joint: An evaluation of the effects and
complications of corticosteroid injection compared with injection with sodium hyaluronate. J. Oral Rehabil. 2007, 34, 583–589.
[CrossRef]

30. Nardini, L.G.; Masiero, S.; Marioni, G. Conservative treatment of temporomandibular joint osteoarthrosis: Intra-articular injection
of sodium hyaluronate. J. Oral Rehabil. 2005, 32, 729–734. [CrossRef]

31. Nardini, L.G.; Tito, R.; Staffieri, A.; Beltrame, A. Treatment of patients with arthrosis of the temporomandibular joint by infiltration
of sodium hyaluronate: A preliminary study. Eur. Arch. Oto-Rhino- Laryngol. 2002, 259, 279–284. [CrossRef] [PubMed]

32. Hepguler, S.; Akkoc, Y.S.; Pehlivan, M.; Ozturk, C.; Celebi, G.; Saracoglu, A.; Ozpinar, B. The efficacy of intra-articular sodium
hyaluronate in patients with reducing displaced disc of the temporomandibular joint. J. Oral Rehabil. 2002, 29, 80–86. [CrossRef]
[PubMed]

33. Laskin, D.M. Needle placement for arthro-centesis. J. Oral Maxillofac. Surg 1998, 56, 907. [CrossRef]
34. Manfredini, D.; Rancitelli, D.; Ferronato, G.; Guarda-Nardini, L. Arthrocentesis with or without additional drugs in temporo-

mandibular joint inflammatory-degenerative disease: Comparison of six treatment protocols*. J. Oral Rehabil 2012, 39, 245–251.
[CrossRef] [PubMed]

35. Batifol, D. Les différents types d’injection pour traiter les dysfonctions de l’articulation temporomandibulaire [Different types of
injection in temporomandibular disorders (TMD) treatment]. Rev. Stomatol. Chir. Maxillofac. Chir. Orale. 2016, 117, 256–258.

36. Shen, L.; Yuan, T.; Chen, S.; Xie, X.; Zhang, C. The temporal effect of platelet-rich plasma on pain and physical function in the
treatment of knee osteoarthritis: Systematic review and meta-analysis of randomized controlled trials. J. Orthop. Surg. Res. 2017,
12, 16. [CrossRef]

36



Life 2022, 12, 1739

37. Hetland, M.L.; Østergaard, M.; Ejbjerg, B.; Jacobsen, S.; Stengaard-Pedersen, K.; Junker, P.; Lottenburger, T.; Hansen, I.; Andersen,
L.S.; Tarp, U.; et al. CIMESTRA study group. Short- and long-term efficacy of intra-articular injections with betamethasone as
part of a treat-to-target strategy in early rheumatoid arthritis: Impact of joint area, repeated injections, MRI findings, anti-CCP,
IgM-RF and CRP. Ann. Rheum. Dis. 2012, 71, 851–856. [CrossRef]

38. Kopp, S.; Carlsson, G.E.; Haraldson, T.; Wenneberg, B. Long-term effect of intra-articular injections of sodium hyaluronate and
corticosteroid on temporomandibular joint arthritis. J. Oral Maxillofac. Surg. 1987, 45, 929–935. [CrossRef]

39. Jüni, P.; Hari, R.; Rutjes, A.W.; Fischer, R.; Silletta, M.G.; Reichenbach, S.; da Costa, B.R. Intra-articular corticosteroid for knee
osteoarthritis. Cochrane Database Syst. Rev. 2015, 10, CD005328. [CrossRef]

40. Tanaka, E.; Iwabe, T.; Dalla-Bona, D.A.; Kawai, N.; van Eijden, T.; Tanaka, M.; Kitagawa, S.; Takata, T.; Tanne, K. The effect of
experimental cartilage damage and impairment and restoration of synovial lubrication on friction in the temporomandibular
joint. J. Orofac. Pain 2005, 19, 331–336.

41. Hegab, A.F.; Ali, H.E.; Elmasry, M.; Khallaf, M.G. Platelet-Rich Plasma Injection as an Effective Treatment for Temporomandibular
Joint Osteoarthritis. J. Oral Maxillofac. Surg. 2015, 73, 1706–1713. [CrossRef] [PubMed]

42. Al-Delayme, R.M.A.; Alnuamy, S.H.; Hamid, F.T.; Azzamily, T.J.; Ismaeel, S.A.; Sammir, R.; Hadeel, M.; Nabeel, J.; Shwan, R.;
Alfalahi, S.J.; et al. The Efficacy of Platelets Rich Plasma Injection in the Superior Joint Space of the Tempromandibular Joint
Guided by Ultra Sound in Patients with Non-reducing Disk Displacement. J. Maxillofac. Oral Surg. 2017, 16, 43–47. [CrossRef]
[PubMed]

43. Kilic, S.C.; Gungormus, M. A comparison of effects of platelet-rich plasma, hyaluronic acid, and corticosteroid injections following
arthrocentesis on pain during joint palpation after treatment of temporomandibular joint osteoarthritis. J. Dent. Fac. Atatürk Uni.
2016, 26, 407–412.

44. Vannabouathong, C.; Del, F.G.; Sales, B.; Smith, C.; Li, C.S.; Yardley, D.; Bhandari, M.; Petrisor, B.A. Intra-articular injections in the
treatment of symptoms from ankle arthritis: A systematic review. Foot Ankle Int. 2018, 39, 1141–1150. [CrossRef]

45. Le, A.D.K.; Enweze, L.; DeBaun, M.R.; Dragoo, J.L. Current clinical recommendations for use of platelet-rich plasma. Curr. Rev.
Musculoskelet. Med. 2018, 11, 624–634. [CrossRef]

46. Dallari, D.; Stagni, C.; Rani, N.; Sabbioni, G.; Pelotti, P.; Torricelli, P.; Tschon, M.; Giavaresi, G. Ultrasound-guided injection of
platelet-rich plasma and hyaluronic acid, separately and in combination, for hip osteoarthritis: A randomized controlled study.
Am. J. Sports Med. 2016, 44, 664–671. [CrossRef]

47. Chen, P.; Huang, L.; Ma, Y.; Zhang, D.; Zhang, X.; Zhou, J.; Ruan, A.; Wang, Q. Intra-articular platelet-rich plasma injection for
knee osteoarthritis: A summary of meta-analyses. J. Orthop. Surg. Res. 2019, 14, 385. [CrossRef]

48. Joshi Jubert, N.; Rodríguez, L.; Reverté-Vinaixa, M.; Navarro, A. Platelet-rich plasma injections for advanced knee osteoarthritis:
A prospective, randomized, double-blinded clinical trial. Orthop. J. Sports Med. 2017, 5, 232596711668938. [CrossRef]

49. Forogh, B.; Mianehsaz, E.; Shoaee, S.; Ahadi, T.; Raissi, G.R.; Sajadi, S. Effect of single injection of platelet-rich plasma in
comparison with corticosteroid on knee osteoarthritis: A double-blind randomized clinical trial. J. Sports Med. Phys. Fitness. 2016,
56, 901–908.

50. Meheux, C.; McCulloch, P.; Lintner, D.; Varner, K.; Harris, J. Efficacy of intra-articular platelet-rich plasma injections in knee
osteoar- thritis: A systematic review. Arthroscopy 2016, 32, 495–505. [CrossRef]
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Abstract: Temporomandibular disorders are a common pathology affecting up to 70% of the popula-
tion, with a maximum incidence in young patients. We used a sample of twenty patients recruited
in the Maxillofacial Surgery Service of the University Hospital of Salamanca (Spain), who met the
inclusion criteria, with unilateral painful symptomatology of more than three months’ duration. All
patients were randomly treated by intramuscular and intra-articular injections of botulinum toxin
(100 U) in eight predetermined points. Pain symptomatology was assessed by the visual analog
scale (VAS) at the different locations, together with joint symptomatology, at baseline and six weeks
after treatment. Adverse effects were also evaluated. In 85% of the patients, pain upon oral opening
improved and 90% showed improvement in pain upon mastication. A total of 75% of the patients
reported improvement in joint clicking/noise. Headaches improved or disappeared in 70% of the
patients treated. Despite the limitations of the study and the preliminary results, intramuscular
and intra-articular infiltrations with botulinum toxin were effective in the treatment of symptoms
associated with temporomandibular disorders (TMDs), with minimal adverse effects.

Keywords: botox; botulin toxin therapy; temporomandibular disorders; masticatory dysfunction
syndrome; pilot study

1. Introduction

Temporomandibular disorders (TMDs) is a term that refers to a number of pathological
conditions and disorders related to the temporomandibular joint (TMJ) and its associated
musculoskeletal structures [1]. This set of disorders has previously been referred to as TMJ
dysfunction syndrome, functional TMJ alterations, myofascial pain dysfunction syndrome,
and temporomandibular pain dysfunction syndrome [2].

It is a common condition, with signs appearing in up to 60–70% of the population,
yet only one in four people report the presence of any clinical symptoms, and only 5% of
patients seek treatment [3]. Although it can appear at any age, the maximum incidence is
observed in young adults, between 20 and 40 years of age, predominantly in women, in a
ratio of 4/1 with respect to men [4].

More than 50% of TMDs manifest as myofascial pain, produced by parafunctional
habits, such as clenching or bruxism. Its etiology remains poorly understood, but it
is likely to be multifactorial and include anatomical, pathophysiological, psychosocial,
environmental, biological, and genetic factors, including pre-disposing, triggering, and
perpetuating factors [5]. Pain is the most common symptom, along with joint noises and
functional limitation [6,7]; however, 40% of patients have an exponential reduction in
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symptoms and 50–90% have pain relief after conservative and rehabilitative treatment,
such as physiotherapy, occlusal splints, orthodontic treatments, electrotherapy, etc. [8,9].

Therefore, multidisciplinary approaches are the ideal treatment option, always with
the primary goal of resolving the patient’s pain and dysfunction; a recent systematic review
suggested that a multidisciplinary approach involving physical medicine and rehabilitation
physicians along with dentists is mandatory for the proper diagnosis and treatment of
postural disorders in patients with TMDs. [10]

Nonsteroidal anti-inflammatory drugs (NSAIDs), benzodiazepines, antiepileptics, and
muscle relaxants are the most commonly used drugs in the treatment of acute pain, with
NSAIDs being the most commonly used; however, despite the multiple NSAID options
available, only naproxen has been shown to be effective in reducing pain [11]. Muscle
relaxants may be prescribed along with NSAIDs if there is evidence of a muscle component,
and tricyclic antidepressants are reserved for the treatment of chronic pain [12,13].

Botulinum toxin (BTX) is a neurotoxin produced by the anaerobic bacterium Clostrid-
ium botulinum with forty different serotypes and is one of the most potent toxins. Despite
being considered lethal for many centuries, it was the first toxin used in the history of
medicine [14]. Serotype A (the most studied for therapeutic purposes) is the most com-
monly used, although serotype B is occasionally used [15].

There is a gap in the scientific literature and only a limited number of studies refer to
the efficacy of botulinum toxin type A (Botox) and its promising results in the improvement
of painful myofascial symptoms [16–20] and although it is not considered a first-choice
treatment for the management of TMDs, it could be a therapeutic option in situations where
conventional treatments are ineffective.

This uncontrolled pilot study analyzed, after six weeks, the efficacy of intra-articular
and facial muscle injections of botulinum toxin type A (Botox) on pain and joint click-
ing/noise associated with temporomandibular joint dysfunction pathology in a sample
of twenty patients. Adverse side effects following botulinum toxin injection were also
evaluated.

2. Materials and Methods
2.1. Patients

A sample of 20 patients (n = 20), who met the inclusion criteria for the study, were
recruited at the Maxillofacial Surgery Department of the University Hospital of Salamanca.
All patients agreed to participate in the research and signed the informed consent form.
This study was conducted in accordance with the Helsinki Declaration and was approved
by the Salamanca Health Area Drug Research Ethics Committee on 26 April 2021, Reference
CEIm:PI 2021 04 734 and was registered in Clinicaltrials.gov (Identifier: NCT05651256).

2.2. Patient Description; Inclusion and Exclusion Criteria

The study included patients diagnosed with TMDs, according to the established
diagnostic criteria [1], aged between 18 and 69 years (both included) and with unilateral
painful symptomatology of more than three months’ duration. Patients previously treated
with surgery/arthrocentesis of the TMJ; patients treated in the last six months with surgery
in the cervicofacial region; patients who, at the time of inclusion in the study, were being
treated in a “Pain Unit”; and patients who had previously received treatment with BTX
were excluded. The mean age of the patients was 42.5 years and the distribution by sex
was mostly in favor of women, at 17 of the 20 included (85%).

2.3. Treatments

The solution for injection was prepared immediately before the intervention, by dis-
solving the vials of BTX (Botox® 100 U, Allergan Pharmaceuticals, Westport, Ireland), kept
refrigerated at 5 ◦C, in 1 mL of sterile saline solution at room temperature. Eight injection
sites were marked: three located in the masseter muscle, two in the lateral pterygoid muscle,
one in the TMJ and two in the temporalis muscle (Figure 1).
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injection); 5, lateral pterygoid muscle (intra-oral injection); 6, TMJ; 7 and 8, anterior temporalis
muscle fibers.

All patients included in the study (Figure 2) were randomized to receive a single dose
at each injection site of the prepared solution by a single experienced blinded surgeon,
11 patients (55%) on the right side and 9 (45%) on the left side.

A 1 cc marked insulin syringe was used for intramuscular injection of the prepared
solution, according to the locations and amounts proposed by Kim et al. and Ho et al. [21,22],
with a total dose of 100 U in each patient, distributed at the different injection sites: 40 U
in the masseter muscle, (0.1 cc = 10 U), 20 U in the area of greatest hypertrophy (anterior
inferior masseter, point 1), 10 U in the direction of the mandibular inferior border (point
2, middle inferior masseter) and 10 U in the area of the posterior inferior masseter (point
3); 20 U in the lateral pterygoid muscle (10 U extraorally between the zygomatic arch and
sigmoid notch and 10 U intraorally, behind the maxillary tuberosity) (points 4 and 5); 20 U
in the TMJ (point 6), 10mm anterior to the tragus and 2mm below the zygomatic arch;
and 20 U in the anterior part of the temporalis muscle (points 7 and 8). The location of
the injection point in the lateral pterygoid muscle was performed taking as a reference,
in front of the coronoid process, behind the mandibular condyle, above the zygomatic
arch and below the mandibular sigmoid notch, penetrating this area with the needle in
an anteroposterior and cranial direction, with an angle of 15◦ with respect to the anterior
border of the mandibular condyle; the injection needle in our study reached a depth of
2.5 cm ± 0.5 cm [23–25].
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2.4. Pain Measurement

Pain was evaluated in different locations of the craniofacial region (temporalis muscle,
masseter muscle, pterygoid muscle, trapezius muscle, externocleidomastoid muscle and
temporomandibular joint), before BTX treatment and after six weeks, using the visual
analog scale (VAS), in a range from 0 to 10, considering a value of 0 as no pain and 10 as
maximum pain.

2.5. Adverse Effect Assessment

Side effects evaluated included warmth, flushing and hematoma at the injection site,
swallowing alteration, contralateral muscle contracture or pain and presence of abnormal
jaw movements.

3. Results
3.1. Pain Reduction

The average values of pain intensity, in the different locations, before and after treat-
ment, respectively, are presented in Figure 3.

Before treatment, 19 patients (95%) presented with joint clicking/noise, 17 patients
(85%) with headaches, 19 patients (95%) with pain upon opening the mouth and 18 (90%)
with pain upon chewing.

At six weeks after treatment, 75% of the patients reported an improvement in joint
clicks/noises. Regarding headaches, 70% showed an improvement/disappearance, and
only 1 patient (5%) showed a very slight improvement. Eighty-five percent of the patients
showed improvement in pain on headaches and 90% showed improvement in pain on
chewing. Pain intensity decreased in all areas injected with BTX; however, three patients
(15%) reported minimal or no decrease in pain intensity in the different locations.
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intramuscular injection of BTX.

3.2. Adverse Events

It is noteworthy that most of the patients did not report having suffered any adverse
event after treatment.

The most frequent adverse effect was the appearance of abnormal jaw movements,
which was present in four patients (20%); however, two patients (10%) reported that
these abnormal movements were only present in the first few days after treatment, while
two others reported that they continued to suffer them.

Two of the patients (10%) reported a sensation of flushing/heat in the injection area in
the days following treatment, and only one of the patients (5%) reported the appearance of
hematoma in the injected area. Three patients (15%) reported the appearance of muscle
contracture/pain on the side contralateral to the injection; however, it is noteworthy that
swallowing alteration did not appear in any of the patients (Figure 4).
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4. Discussion

Botulinum toxin has evolved from being a toxicant to a versatile therapeutic tool for a
growing list of pathologies; however, treatment with BTX remains controversial and there
are not many studies evaluating its efficacy in the treatment of TMDs, most of them being
in favor of its use and its ability to alleviate pain associated with this pathology [27–30].

Freund et al. in 1999 [31] were the first to report preliminary results on the benefits of
BTX on pain, function and mouth opening in a sample of 15 patients diagnosed with TMDs.
Subsequently, these same investigators, in an expanded sample of 46 patients, demonstrated
that intramuscular injections of BTX-A produced significant improvements in pain, function
and mouth opening, reducing the severity of symptoms and improving the functional
abilities of patients with TMDs, and that these effects would extend beyond its capacity as a
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muscle relaxant [32]. Recently, several studies and systematic reviews have focused on the
benefits of BTX in patients with TMDs [33–37], although there are discrepancies regarding
the efficacy of BTX in this pathology, mainly based on methodological errors. Laskin pointed
out that many studies do not address the etiology and focus only on symptomatic treatment
and that conservative treatments would be equally effective; however, he acknowledges
that the etiology of pain and masticatory muscle dysfunction remains unknown [10,38].

Preliminary results of our study found a beneficial effect in 85% of patients with TMDs.
These results coincided with those obtained by Sidebottom et al. [27] who, in a prospective
study on 62 patients, with a mean age of 42.5 years and (like our study) a preponderance in
the sample of the female sex, reported a significant reduction in pain, greater than 90% in
79% of patients treated with a single dose of BTX, concluding that intramuscular injections
of BTX, although not guaranteeing complete resolution of myofascial pain, often produce a
beneficial effect on symptomatology, and should be considered as an alternative treatment
for masticatory myofascial pain in the face of failure of conservative treatments.

The facial areas injected with BTX differ in different studies. Some inject only the
masseter muscle [39], others the masseter and temporalis [40,41] and others use injection
in the temporalis, masseter, and external pterygoid muscles [42]. Intramuscular injection
with BTX in the masseter muscle is often used in the treatment of myofascial syndrome,
whose etiological factors lie mainly in fatigue or spasm of the masticatory muscles, with
a concomitant arthralgia of the TMJ [27,43]. Schwartz and Freund base the diagnosis
of TMDs on two etiologies, one anatomical and the other functional, with two critical
areas, the arthrogenic pathology (intracapsular) and the myogenic pathology, originating
in the musculature, recommending their simultaneous approach [44]; however, Batifol [45]
recommends intra-articular injections exclusively if the pain is chronic. In accordance with
these recommendations, our study included patients with a history of pain lasting more
than 3 months.

Although BTX was initially only used in the treatment of focal dystonia, it has been
shown to provide relief from migraine and tension headaches and neck pain (cervical
dystonia), suggesting a possible role in the treatment of TMDs [46–50]; a review by Ihde
and Konstantinovic concluded that BTX appears to be relatively safe and effective in the
treatment of cervical dystonia and chronic facial pain associated with masticatory hyperac-
tivity [51]. Similarly, Blitzer and Sulica demonstrated its effectiveness in the treatment of
torticollis, including as involved muscles the sternocleidomastoid, trapezius, semispinalis
capitis, splenius capitis, levator scapulae, and minor paraspinal muscles [52] and that BTX
was the most frequently injected substance, intramuscularly, in the treatment of TMDs [53].

Our study, in accordance with these results, found a disappearance of headaches in
70% of the patients treated, although 15% of the patients reported not having found relief
from painful symptomatology. In our study, we combined BTX infiltration in the masseter,
temporalis, and pterygoid muscles with intra-articular infiltration, obtaining excellent
results on pain in the cervicofacial musculature (Figure 3).

On the other hand, intra-articular infiltration of BTX has demonstrated its efficacy in
reducing pain [54]. Lora et al. demonstrated in a study in rats the strong antinociceptive
effect of intra-articular injection of BTX-A [55]. Intra-articular injection of BTX inhibits
inflammatory mediators, reduces neuropeptide release from joint nociceptors and thus
reduces neurogenic inflammation and joint pain [56]. Our study found in 85% of treated
patients an improvement of pain on mouth opening and 90% showed improvement of
pain on chewing. Furthermore, in 75% of the treated patients, an improvement in joint
clicking/noise was observed. These results would agree with those obtained by Bakke
et al. [57], who, by BTX-A injections into the lateral pterygoid muscle, temporarily reduced
the muscle action, but the clicking was permanently eliminated and did not reappear
during the 1-year observation period, obtaining a small but clear positional improvement
in the disc–condyle relationship. Similarly, other studies [58–60] with BTX-A injections into
the lateral pterygoid muscle reported benefits on temporomandibular clicking.
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The dose ranges are also discrepant in the different studies. Schwartz and Freund
recommend doses like those used by us: 25–50 U in the masseter muscle, 5–25 U in the
temporalis muscle and 5–25 in the pterygoid muscle [44]. Batifol recommends for intra-
articular injection doses similar to those used in our study [45].

Regarding adverse effects, Ihde and Konstantinovic, in a review identifying random-
ized clinical trials evaluating patients treated with botulinum toxin, found that the adverse
effects were mild and transient [61]; similarly, a systematic review by Machado et al. [62]
found no significant difference in adverse effects between BTX-A and a placebo. In our
study, only four patients (20%) reported them, reporting their disappearance within a
few days.

Despite these results, we are aware of the limitations of the study: on the one hand,
the small sample size, although authors such as Sipahi Calis et al. and Patel et al. [42,63]
base their studies of the effect of BTX on TMDs on sample sizes similar to ours, at 25 and
20 patients, respectively; on the other hand, the evaluation was performed six weeks after
the infiltrations, clearly resulting in a reduced evaluation time. In addition, joint and muscle
infiltrations, at the same time, could lead to biases in the results. Nevertheless, we present
a pilot study with preliminary results.

5. Conclusions

Despite the limitations of the study and presenting preliminary results, we believe
that multiple intramuscular and intra-articular infiltrations with BTX-A, with a total dose
of 100 U, are effective (at least temporarily) in relieving TMJ pain and clicking and noises,
with minimal adverse effects. Future ongoing controlled studies, with a larger sample of
patients and longer-term follow-up, will allow comparison of the results.
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Abstract: Temporomandibular disorder (TMD) is a common condition disabling people and bringing
up costs. The aim of this study was to investigate the effects of manual therapy on pain intensity,
maximum mouth opening (MMO) and disability. Searches were conducted in six databases for
randomised controlled trials (RCTs). Selection of trials, data extraction and methodological quality
assessment were conducted by two reviewers with discrepancies resolved by a third reviewer.
Estimates were presented as mean differences (MDs) or standardized mean differences (SMDs) with
95% confidence intervals (CIs). Quality of the evidence was assessed using the GRADE approach.
Twenty trials met the eligibility criteria and were included. For pain intensity, high and moderate
quality evidence demonstrated the additional effects of manual therapy at short- (95% CI −2.12 to
−0.82 points) and long-term (95% CI −2.17 to −0.40 points) on the 0–10 points scale. For MMO,
moderate to high quality evidence was found in favour of manual therapy alone (95% CI 0.01 to
7.30 mm) and its additional effects (95% CI 1.58 to 3.58 mm) at short- and long-term (95% CI 1.22
to 8.40 mm). Moderate quality evidence demonstrated an additional effect of manual therapy for
disability (95% CI = −0.87 to −0.14). Evidence supports manual therapy as effective for TMD.

Keywords: temporomandibular joint disorders; temporomandibular joint dysfunction syndrome;
musculoskeletal manipulations; manual therapies; systematic review

1. Introduction

Temporomandibular disorders (TMD) can be defined as a group of pathologies of the
temporomandibular joint and muscles involved [1]. TMD can be classified as myogenic
(i.e., muscle and myofascial origin), arthrogenic, mixed and joint-related disorders (i.e.,
disc displacements with or without reduction, arthritis or subluxation) according to The
Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) [1,2]. It is a common
health condition worldwide with an estimated prevalence ranging from 11% to 31%, and is
especially high in people with multiple sclerosis [3,4]. After a new episode of TMD, 27%
of people persist with significant pain one year later [5–7], and recurrence is common [8].
Its related pain and disability bring direct (e.g., use of medication to alleviate symptoms)
and indirect (e.g., productivity loss) costs [9–13]; therefore, effective management of the
condition is important.

Management options for TMD include occlusal splints, cognitive behavioural therapy,
acupuncture, manual therapy, therapeutic exercises, nonsteroidal anti-inflammatory drugs,
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surgical treatment and others [14–19]. Counselling and a conservative approach are gen-
erally advocated as a first management choice by health professionals for patients with
disabling TMD [19]. Previous systematic review suggested that manual therapy may im-
prove pain intensity, function, and oral health-related quality of life in this population [19];
however, their scope and methods adopted might have compromised the effect estimates
presented. These consist of the inclusion of trials that did not adequately compare manual
therapy to investigate its effectiveness and the inclusion of non-randomised controlled
trials (RCTs) [19]. In addition, the evidence needs updating, as new trials have been pub-
lished since then. Thus, a new systematic review of randomized controlled trials that
methodologically isolate manual therapy to assess its isolate or additional effects is needed
to inform the current state of the evidence on this topic.

The aim of this systematic review of RCTs was to investigate the efficacy of manual
therapy approaches and whether they enhance effects when combined with other active
intervention on pain intensity, maximum mouth opening (MMO) and disability in TMD.
The quality of evidence was assessed using the Grading of Recommendations Assessment
(GRADE) approach [20].

2. Methods
2.1. Study Design

This systematic review of RCTs followed the Cochrane recommendations [21] and the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) check-
list [22] (Supplementary File S1: PRISMA checklist). Its protocol was prospectively regis-
tered in the International Prospective Registry of Systematic Reviews (PROSPERO) platform
(CRD42022372298) and Open Science Framework (DOI: 10.17605/OSF.IO/XSN42).

2.2. Search Strategy and Study Selection

Searches were conducted on MEDLINE, COCHRANE, EMBASE, AMED, PSYCINFO
and PEDRO without language or date restrictions up to 3 October 2022. Search terms
were related to “randomised controlled trials” and “temporomandibular disorders”. A
detailed search strategy is in the Supplementary File S2: Search Strategy. In addition, we
hand searched identified systematic reviews published in the field for potentially relevant
full texts that do not identify in the optimized searches. After searches, the retrieved
references were exported to an Endnote® file and duplicates were removed. Then, two
independent reviewers (JPM and LAS) screened titles and abstracts and assessed potential
full texts. Those trials fulfilling our eligibility criteria were included. The between-reviewer
discrepancies were resolved by a third reviewer (VCO).

2.3. Inclusion and Exclusion Criteria

We included RCTs investigating people of both sexes, regardless of age, diagnosed
with TMD of any duration or type/classification, i.e., myogenic, arthrogenic, mixed and
joint-related disorders. The intervention of interest was any manual therapy approach, i.e.,
any clinician-applied movement of the joints and other structures such as joint mobilization
or manipulation (thrust), massage, myofascial release techniques/soft-tissue mobilization,
muscle energy techniques, passive stretching and others, as investigated previously [17],
using the hands and/or any assisting device. We compared the intervention of interest
with control (i.e., placebo, no intervention, waiting list or sham) to investigate the potential
specific effects of manual therapy. To investigate whether manual therapy approaches
enhance the estimated effects of other active intervention, we also considered comparisons
between manual therapy approaches combined with any other active intervention and
the other active intervention standing alone. Our outcomes of interest were pain intensity,
maximum mouth opening/MMO (i.e., maximum distance between the edge of the upper
incisors and the edge of the lower incisors with or without pain) and oral disability. We
considered any valid instrument such as Visual Analog Scale—VAS or Numerical Rating
Scales—NRS [23] for pain intensity, ruler and caliper for maximum mouth opening [24],
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and Jaw Functional Limitation Scale (JFLS) [25] and Mandibular Function Impairment
Questionnaire (MFIQ) [26] for disability.

2.4. Data Extraction

Two independent reviewers (JPM and LAS) extracted characteristics and outcome
data from included trials. Between-reviewer disagreements were resolved by a third
reviewer (VCO). The extracted data include study type; the participants; details about the
interventions and comparator; outcomes and time-points for the purpose of this review.
For our outcomes of interest, we extracted post-intervention means (first option) or within-
group mean changes over time, standard deviations (SDs) and sample sizes for each
of our groups of interest to investigate the effects at immediate- short- and long-term.
Immediate effects were considered as the point of measure right after a single session of
manual therapy. We considered short-term effects follow-ups from one to 12 weeks after
randomization and long-term effects as follow-ups over 12 weeks after randomization. If
more than one time-point was available within the same follow-up period, the one closer
to the end of the intervention was considered. When outcome data were not reported, at
first, the authors were contacted. If we received no answer, we imputed when possible
following the recommendations [21]. When authors did not respond and imputation was
not possible, trials were excluded from the quantitative analysis.

2.5. Risk of Bias Assessment

Two independent reviewers (JPM and LAS) assessed the risk of bias of included trials
using the 0–10 PEDRO scale [27]. According to this scale, higher scores represent a higher
methodological quality. Discrepancies were resolved by a third reviewer (VCO). When
available, we used scores already on the PEDRO database (https://pedro.org.au/, accessed
on 10 November 2022).

2.6. Data Analysis

When possible, data were converted to a common scale and meta-analysis was con-
ducted using random-effects models (DerSimonian and Laird method). Mean differences
(MDs) and 95% CIs were reported in forest-plots. When it was not possible to convert data
to a common scale, estimates were presented as standardized mean differences (SMDs).
The clinical importance of the interventions of interest was interpreted by comparing
the estimated effect sizes and 95% CI in association with the minimum clinically impor-
tant difference (MCID) of the outcome of interest, or Minimal Detectable Change (MDC)
when MCID was not available. MCID considered for pain intensity was 2 points on the
0–10 points scale [28]; MDC of 5 mm for MMO [29]; MDC of 8 points on the 0–68 on
Migraine Functional Impact Questionnaire (MFIQ) or 7 points on the 0–63 on Craniofacial
Pain and Disability Inventory (CF-PDI) [29] for disability. We used the Hedges’ g effect size
measure when estimates were presented as SMD, considering the cut-off points of 0.20, 0.50
and 0.80 for small, medium and large effects, respectively. All analyses were performed in
the Comprehensive Meta-analysis software, version 2.2.04 (Biostat, Englewood, NJ, USA).
Heterogeneity was assessed using I2. We planned to perform subgroup and sensitivity
analyses to assess the impact of potential sources of heterogeneity and risk of bias on the
estimates. All procedures followed the recommended methods [21].

Two independent reviewers (JPM and LAS) assessed the quality of the current evidence
using the GRADE system (Classification of Recommendations, Evaluation, Development
and Evaluations) [30,31]. Any disagreement was resolved by consensus or a third reviewer
(VCO). According to the four-level GRADE system, the evidence may range from high
to very low quality, with low levels indicating that future high-quality trials are likely to
change estimated effects. In the current review, evidence began from high quality and was
downgraded for each of the following issues: serious imprecision when analysed sample
less than 400 [32]; serious risk of bias when more than 25% of the analysed participants
are from trials with a high risk of bias (i.e., PEDRO scores less than 7 out of 10) [33]; and
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serious inconsistency when I2 > 50%, visual inspection of forest plots or when pooling was
not possible [21]. We evaluated the publication bias using visual inspection of funnel plots
and the Egger’s test adopting an α = 0.1 when data from at least ten trials were pooled in
the same meta-analysis [20,34].

3. Results

A total of 9639 records were retrieved from our searches, 6009 duplicates were removed,
and the remaining 3630 titles and abstracts were screened. Then, 63 potential full texts
were assessed for eligibility and 20 trials were included [35–54]. The study selection flow
diagram is available in Figure 1.
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3.1. Characteristics of Included Trials and Assessment of Risk of Bias

The included trials were published between 2005 and 2022, conducted in Spain (five
trials), Brazil (four trials), Japan (two trials), USA (two trials), Turkey (two trials), Australia
(one trial), Iran (one trial), Portugal (one trial), Thailand (one trial) and Croatia (one trial).
Most of them (85%) used some version of the Diagnostic Criteria for TMD. Five trials
investigated the effects of manual therapy versus control (sham or wait list) and fifteen
trials investigated the additional effects of manual therapy on pain intensity (16 trials),
MMO (16 trials) and/or disability (7 trials).
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The modalities of manual therapy used were manual pressure release techniques (six
trials), joint manipulation (four trials), joint mobilization (one trial), soft-tissue mobilization
(one trial), stretching (one trial), instrumental-assisted techniques (two trials), massage (one
trial), multimodalities (i.e., combination of two or more modalities of manual therapy) (five
trials) and not specified (one trial). When outcome data was not adequately provided, we
contacted the authors but received no answer, so we reported the findings that were avail-
able. Findings from trials with skewed data were reported separately. Further information
regards the characteristics of the included trials are presented in Table 1.

Table 1. Characteristics of the included trials (n = 20).

Study Local Participants Intervention Outcome
Time-Points

Alajbeg et al.,
2015 [35] Croatia

12 participants (M = 3; F = 9),
mean age of 30.5 ± 14 y/o,
with TMJ disc displacement
based on DC/TMD and MRI.

EG = Joint mobilization +
Massage + Stabilization
occlusal splint
CG = Stabilization occlusal
splint

Pain intensity (0–100 VAS);
MMO
Short and long-term.

Antunez et al.,
2015 [36] Spain

42 participants (M = 14; F = 28),
mean age of 21.2 ± 1.6 y/o;
TMD (myofascial pain) based
on DC/TMD, for ≥6 months.

EG = Ischemic compression
technique on the masseter
muscle + stretching of
hamstrings
CG = PNF stretching of
hamstrings

Pain intensity (0–10 VAS);
MMO (Caliper);
Immediate effects

Blanco et al.,
2015 [37] Spain

60 participants (M = 19; F = 41),
mean age 35.2 ± 12 y/o, with
TMD (myofascial pain) for ≥6
months based on DC/TMD;
restricted cervical mobility.

EG = Suboccipital muscle
inhibition + Pressure release
massage + stretching.
CG = Pressure release massage
+ stretching

MMO (Caliper);
Immediate effects

Brochado et al.,
2017 [38] Brazil

28 participants (M = 1; F = 27),
mean age 44.5 ± 17 y/o, with
TMD (myogenic and
arthrogenic) based on
DC/TMD.

EG = Pressure Release
Massage + Joint Mobilization +
Photobiomodulation.
CG = Photobiomodulation

Pain intensity (0–10 VAS)
Short and long-term.

Devocht et al.,
2013 [39] USA

39 amateur athletes (M = 8; F =
31), mean age of 33 y/o, with
TMD (myofascial pain) based
on DC/TMD, for at ≥6
months.

EG = Mechanically assisted
manipulation (hand-held
spring-loaded instrument)—12
sessions for 2 months.
CG = Sham Device

Pain intensity (0–10 NRS)
Short and Long-term

Gomes et al.,
2014 [40] Brazil

30 participants (M = 4; F = 26),
mean age of 27 ± 1.6 y/o, with
severe TMD and bruxism.

EG = Massage + Occlusal
splint—3 times week, for 4
weeks.
CG = Occlusal splint

Oral Disability (0–100 FPHI)
Short-term

Hernanz et al.,
2018 [41] Spain

72 participants (M = 12; F = 60),
mean age 42 y/o, with TMD
(myofascial pain) based on
DC/TMD for ≥6 months.

EG = Pressure Release
Technique + Occlusal splint +
education
CG = Sham + Occlusal splint
and education

Pain intensity (0–10 VAS).
MMO
Short and long-term

Kalamir et al.,
2011 [42] Australia

60 participants (M = 26; F = 34),
age between 18–50 y/o, with
TMD based on DC/TMD for
≥3 months.

EG = Intraoral manual
pressure—2 times week for 5
weeks
CG = Waitlist

Pain intensity (0–10 NRS);
MMO (caliper);
Short and Long-term
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Table 1. Cont.

Study Local Participants Intervention Outcome
Time-Points

Kanhachon
et al., 2021 [43] Thailand

38 academics (M = 4; F = 34),
mean age of 25 ± 5 y/o, with
pain on the neck, scapular, and
jaw for more than 3 months,
with a referral pattern.

EG = Active Stretching Release
Therapy + hot pack on jaw and
scapular areas + education
CG = Hot pack on jaw and
scapular areas + education

Pain intensity (0–10 VAS);
MMO (therabite device)®

Immediate, short-term

La Touche et al.,
2013 [44] Spain

32 patients (M = 11; F = 21),
mean age 34 y/o, with TMD
(myofascial pain)—DC/TMD.

EG = Upper cervical
mobilization—3 sessions over
2 weeks.
CG = Sham

Pain intensity (0–100 VAS)
Immediate, short-term

Leite et al., 2020
[45] Brazil

48 women, age between 18–45
y/o, with TMD (pain
dysfunction) based on
DC/TMD, for ≥6 months.

EG = Diacutaneous
Fibrolysis—2 sessions week for
4 weeks
CG = Sham

Pain intensity (0–100 VAS);
MMO (Calliper); Disability
(0–68 MFIQ)
Short-term

Lucas et al.,
2017 [46] Portugal

20 participants with pain on
masticatory muscles and/or
TMJ according to DC/TMD.

EG = Manual Therapy +
Therapeutic Exercises—2
sessions week for 6 weeks
CG = Therapeutic Exercises

Pain intensity (0–10 NRS);
MMO
Immediate effects

Nagata et al.,
2019 [47] Japan

61 participants (M = 11; F = 50),
mean age of 49.6 ± 25 y/o,
with TMD based on DC/TMD
and MRI.

EG = Joint manipulation +
self-exercise + CBT +
education.
CG = Self-exercise + CBT +
education.

Pain intensity (0–10 NRS).
MMO (caliper).
Immediate, short and
long-term

Packer et al.,
2015 [48] Brazil

32 women, mean age 24 ± 5
y/o, with TMD based on
DC/TMD

EG = Upper thoracic
manipulation
CG = Sham

MMO (caliper).
Immediate, short-term

Reynolds et al.,
2020 [49] USA

50 participants (M = 7; F = 43),
mean age of 24.78 ± 5.4 y/o,
with TMD according to
DC/TMD.

EG = Cervical HVLAT +
suboccipital release +
education + home exercises
CG = Sham HVLAT +
suboccipital release +
education + home exercises

Pain intensity (0–10 NRS);
MMO (ROM scale).
Disability (0–20 JFLS)
Immediate, short-term

Rezaie et al.,
2022 [50] Iran

30 participants (M = 13; F = 17),
mean age of 28 y/o, with TMD
according to DC/TMD, for ≥3
months.

EG = Joint and soft-tissue
mobilization on TMJ and
cervical spine + Massage +
UST + TENS
CG: Massage + UST + TENS

Pain intensity (0–10 NRS);
MMO (Calliper);
Short and long-term

Sahin et al.,
2020 [51] Turkey

42 participants (M = 10; F = 32),
mean age of 26.2 y/o, with
TMD according to DC/TMD
and trigger-point in the
masseter muscle.

EG = Ischemic compression
technique + Postural and
Rocabado’s 6 × 6 exercises.
CG =Postural and Rocabado’s
6 × 6 exercises

Pain intensity (0–10 VAS).
MMO (Ruler).
Disability (JFLS-8)
Short-term

Serna et al.,
2019 [52] Spain

61 participants (M = 25; F = 36),
age between 18 and 65 y/o,
with tinnitus symptoms and
TMD according to DC/TMD.

EG = Multimodal Manual
therapy + Cervical and TMJ
exercises + Self-massage +
education—for 5 weeks
CG = Cervical and TMJ
exercises + Self-massage +
education

Pain intensity (0–10 NRS);
MMO (Adapted-Ruler);
Disability (0–63 CF-PDI)
Short and long-term
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Table 1. Cont.

Study Local Participants Intervention Outcome
Time-Points

Tuncer et al.,
2012 [53] Turkey

40 participants (M = 9; F = 31),
age between 18–72 y/o, with
TMD and disc displacement
based on DC/TMD for ≥3
months.

EG = Soft tissue and joint
mobilization + TMJ exercises
and stretching + Education
CG = TMJ exercises and
stretching + Education

Pain intensity (0–100 VAS);
MMO (Ruler)
Short-term

Yoshida et al.,
2005 [54] Japan

305 participants (M = 76; F =
229), age between 18–74 y/o,
with TMJ disc displacement.

EG = Jaw joint manipulation +
NSAIDs
CG = NSAIDs

MMO
Immediate effects

TMD = Temporomandibular disorder; TMJ = Temporomandibular Joint; M = Male; F = Female; y/o = years
old; DC/TMD = Diagnostic Criteria Temporomandibular Disorders; VAS = Visual Analogue Scale; NRS = Nu-
merical Rating Scale; MMO = Maximum Mouth Opening (with or without pain); EG = Experimental Group;
CG = Control Group; CBT = Cognitive-behavioural therapy; PNF = Proprioceptive Neuromuscular Facilita-
tion; HVLAT= High-velocity, low amplitude technique; FPHI = Fonseca Patient History Index; NDI = Neck
disability Index; MFIQ = Migraine Functional Impact Questionnaire; JFLS = Jaw Functional Limitation Scale;
MRI = Magnetic Resonance Imaging; CF-PDI = Craniofacial Pain and Disability Inventory; NSAID = Nonsteroidal
anti-inflammatory drug.

The PEDRO scores of the included trials ranged from 1 to 9 points out of 10 (median = 7 points).
Fourteen trials (70%) were classified as low risk of bias (i.e., scores ≥ 7 points). The main rea-
sons for increasing risk of bias were not blinding therapists (20 trials [100%]), not blinding
participants (14 trials [70%]), not performing concealed allocation (7 trials [35%]) and
not blinding assessors and not performing an intention-to-treat analysis (5 trials [25%]).
Detailed risk of bias assessment is presented in Table 2.

Table 2. Risk of bias assessment—Pedro scale (n = 20).

Study A B C D E F G H I J Score (0–10)

Alajbeg et al., 2015 [35] Y N Y N N Y Y Y N Y 6
Antunez et al., 2015 [36] Y N Y N N Y Y Y N Y 6
Blanco et al., 2015 [37] Y N Y Y N Y Y Y Y Y 8
Brochado et al., 2017 [38] Y N Y N N Y N Y Y Y 6
Devocht et al., 2013 [39] Y Y Y N N N N Y Y Y 6
Gomes et al., 2014 [40] Y Y N N N Y Y Y Y Y 7
Hernanz et al., 2018 [41] Y Y Y Y N N Y N Y Y 7
Kalamir et al., 2011 [42] Y Y Y N N Y Y Y Y N 7
Kanhachon et al., 2021 [43] Y Y Y N N Y Y Y Y Y 8
La Touche et al., 2013 [44] Y Y Y Y N Y Y Y Y Y 9
Leite et al., 2020 [45] Y N Y Y N Y Y Y Y Y 8
Lucas et al., 2017 [46] Y N N N N N Y N N N 2
Nagata et al., 2019 [47] Y Y Y N N N Y Y Y Y 7
Packer et al., 2015 [48] Y Y Y N N Y Y Y N Y 7
Reynolds et al., 2020 [49] Y Y Y Y N Y Y Y Y Y 9
Rezaie et al., 2022 [50] Y Y Y Y N Y N N Y Y 7
Sahin et al., 2020 [51] Y Y Y N N Y Y N Y Y 7
Serna et al., 2019 [52] Y Y Y N N Y Y Y Y Y 8
Tuncer et al., 2012 [53] Y Y Y N N Y Y Y Y Y 8
Yoshida et al., 2005 [54] Y N N N N N N N N N 1

Y = yes; N = no; A = Random allocation; B = Concealed allocation; C = Baseline Comparability; D = Blind
subjects; E = Blind therapists; F = Blind assessors; G = Adequate follow-up; H = Intention-to-treat analysis;
I = Between-group comparisons; J = Point estimates and variability.

3.2. Effects of Manual Therapy on Pain Intensity in People with Temporomandibular Disorders

Four trials [39,42,44,45] investigated the effects of manual therapy when compared
with control (sham or waiting list) and twelve trials investigated the additional effects of
manual therapy when combined with other active intervention on pain
intensity [35,36,38,41,43,46,47,49–53]. Seven trials used the 0–10 NRS [39,42,46,47,49,50,52],
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five trials used the 0–10 VAS [36,38,41,43,51] and four trials used the 0–100 VAS [35,44,45,53].
For pooling, outcome data were converted to a common 0–10 points scale.

3.2.1. Manual Therapy versus Control on Pain Intensity

One trial [44] provided low quality evidence of an immediate effect of manual therapy
on pain intensity (MD = −0.88 points on the 0–10 points scale, 95% CI −1.57 to −0.19;
n = 32). Data from three trials [39,44,45] also provided low quality evidence of a potential
short-term effect for manual therapy on pain intensity (95% CI −3.46 to −0.20; I2 = 0.0;
n = 111). Long-term, one trial [39] provided very-low quality evidence of no difference (95%
CI −1.33 to 1.13; n = 39) (Figure 2). It was not possible to include one trial in the pooling
due to skewed data [42]. In this trial, the author reported a statistically significant difference
in favour of manual therapy versus control at short- and long-terms; however, no detailed
information in regards to the between-group difference and variability was reported.
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Figure 2. Forest plot of manual therapy versus control on pain intensity at immediate-, short- and
long-term. Studies included were: Devocht et al., 2013 [39]; La Touche et al., 2013 [44]; Leite et al.,
2020 [45].

3.2.2. Additional Effects of Manual Therapy on Pain Intensity

Five trials [36,43,46,47,49] investigated the immediate additional effects of manual
therapy on pain intensity, and two of them were not pooled due to skewed data [36] and
lack of standard deviation measures [46]. Pooled data provided moderate quality evidence
for no immediate additional effect of manual therapy on pain intensity (95% CI −1.61 to
0.10; I2 = 0.0; n = 149). One of the two trials not pooled [36] also showed no immediate
additional effect for manual therapy (p = 0.53); however, the other trial [46] suggested an
additional effect of manual therapy combined with exercise when compared with exercises
alone (−2.9 points out of 10).

Short-term, high-quality evidence from 10 trials showed an additional effect of manual
therapy on pain intensity (95% CI −2.12 to −0.82; I2 = 10; n = 434). Publication bias was
not found (Supplementary File S3: Funnel plot), and sensitivity analysis removing trials
with a high risk of bias [35,38] did not detect any potential impact on the estimates (95% CI
−2.41 to −1.00; 8 trials, n = 394). We also conducted a subgroup analysis exploring whether
different modalities of manual therapy impacted on the estimates; no impact was found.
Findings are available on Supplementary File S4: Manual therapy modalities subgroup
analysis on pain intensity.
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At long-term, moderate quality evidence from six trials supported an additional effect
of manual therapy (95% CI −2.17 to −0.40; I2 = 0.0; n = 342). Forest plots with estimates in
the different time-points are shown in Figure 3.
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3.3. Effects of Manual Therapy on Maximum Mouth Opening in People with
Temporomandibular Disorders

Three trials [42,45,48] investigated the effects of manual therapy when compared with the
control (sham or waiting list) and 13 trials investigated its additional effects on
MMO [35–37,41,43,46,47,49–54]. MMO was assessed with Caliper in six trials [36,37,45,47,48,50],
with Ruler in three trials [51–53], with other measurement tools in two trials [42,49] and
four trials did not report the instrument used [35,41,46,54].

3.3.1. Manual Therapy versus Control on Maximum Mouth Opening

One trial [48] provided low quality evidence of no immediate effect of manual therapy
on MMO (95% CI −4.64 to 8.64; n = 32). Short-term, moderate quality evidence from
two trials [45,48] showed an effect on MMO (95% CI 0.01 to 7.30 mm; I2 = 0.0; n = 72)
(Figure 4). One trial [42] was not included in the pooling due to skewed data. A statistically
significant difference was reported in favour of manual therapy versus control at the short-
and long-term. No detailed information was available.
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Figure 4. Forest plot of manual therapy versus control on maximum mouth opening at immediate-
and short-term. Studies included were: Leite et al., 2020 [45]; Packer et al., 2015.

3.3.2. Additional Effects of Manual Therapy on Maximum Mouth Opening

Seven trials [35,37,43,46,47,49,54] investigated the immediate additional effects of man-
ual therapy on MMO. It was possible to pool data from five of them [35,37,43,47,49] due to
a lack of standard deviations [46,54]. Moderate quality evidence demonstrated no between-
group differences (95% CI −0.91 to 6.20 mm; I2 = 0.0; n = 251). Contradictory findings were
reported by the other two trials not included in the meta-analysis: Yoshida et al. [54] and
Lucas et al. [46] found a between-group difference in favour of manual therapy on MMO.

Short-term, high-quality evidence from nine trials showed an additional effect of
manual therapy on MMO (95% CI 1.58 to 3.58 mm; I2 = 0; n = 494). Sensitivity analysis
removing trials with high risk of bias [38] did not suggest an impact on the estimates (95%
CI 1.43 to 3.88 mm; 8 trials, n = 394).

Long-term, moderate quality evidence from six trials showed an effect of manual
therapy on MMO (95% CI 1.22 to 8.40 mm; I2 = 0.0; n = 264). Sensitivity analysis removing
trials with high risk of bias [35,38] did not suggest an impact on the estimates (95% CI 0.24
to 3.88; I2 = 0.0; 4 trials, n = 224). Forest Plots with estimates at different time points are
shown in Figure 5.

3.4. Effects of Manual Therapy on Disability in People with Temporomandibular Disorders

For disability, one trial [45] investigated the effects of manual therapy when compared
with control (sham or wait list) and four trials investigated the additional effects of manual
therapy [40,49,51,52]. The outcome measures used were the 0–68 MFIQ [45], the 0–100 Fon-
seca Patient History Index (FPHI) [40], the 0–8 points JFLS [51], the 0–20 points JFLS [49]
and the 0–63 points Craniofacial Pain and Disability Inventory (CF-PDI) [52]. Due to the
heterogeneity of measures, we reported SMD.

3.4.1. Manual Therapy versus Control on Disability

Short-term, one trial [45] suggested an effect of manual therapy on disability when
compared with control. Post-intervention disability differed 6.5% in favour of manual
therapy (p = 0.01).
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Figure 5. Forest plot of the additional effects of manual therapy on maximum mouth opening at
immediate-, short- and long-term. Studies included were: Alajbeg et al., 2015 [35]; Antunez et al.,
2015 [36]; Blanco et al., 2015 [37]; Brochado et al., 2017 [38]; Hernanz et al., 2018 [41]; Kanhachon et al.,
2021 [43]; Nagata et al., 2019 [47]; Reynolds et al., 2020 [49]; Rezaie et al., 2022 [50]; Sahin et al.,
2020 [51]; Serna et al., 2019 [52]; Tuncer et al., 2012 [53].

3.4.2. Additional Effects of Manual Therapy on Disability

At short-term, moderate quality evidence from four trials showed an additional effect
of manual therapy on disability (SMD = −0.51, 95% CI −0.87 to −0.14; n = 183). At long-
term, one trial [52] provided low quality evidence for an additional effect of manual therapy
on the disability (95% CI −7.01 to −1.39; I2 = 8.17; n = 61) (Figure 6).

The overall quality of evidence in the systematic review ranged from very low to high.
The summary of findings with the GRADE assessment is reported in Table 3.
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The studies included were: Gomes et al., 2014 [40]; Reynolds et al., 2020 [49]; Sahin et al., 2020 [51];
Serna et al., 2019 [52].

Table 3. Summary of findings with grade assessment (n = 20).

Population: People with Temporomandibular Disorder.
Intervention: Manual Pressure Release techniques (6 trials); Joint manipulation (4 trials); Joint mobilization (1 trial); Soft-tissue

mobilization (1 trial); Stretching (1 trial); Instrumental-assisted techniques (2 trials); Massage (1 trial); MTs in combination (5 trials);
Not specified (1 trial).

Comparison: No intervention (13 trials), sham (6 trials), wait-list (1 trial).
Outcome: Pain intensity (15 trials); MMO (15 trials); Disability (5 trials).

Setting: Spain (5 trials); Brazil (4 trials); Japan (2 trials); USA (2 trials); Turkey (2 trials); Australia (1 trial); Iran (1 trial); Portugal (1
trial); Thailand (1 trial); Croatia (1 trial).

Outcome
Time-Point

MD or SMD
(CI 95%)

Sample Size
(No. of Studies)

GRADE
Assessment Comments

MT vs. Control
0–10 Pain intensity
Immediate-effects

−0.88
(−1.57 to −0.19)

32
(1 study)

⊕⊕��
LOW a,b

The difference is statistically
significant but not clinically important

based on a MCID = 2.

MT add effects
0–10 Pain intensity
Immediate-effects

−0.75
(−1.61 to 0.10)

149
(3 studies)

⊕⊕⊕�
MODERATE a

The difference is not statistically
significant.
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Table 3. Cont.

Population: People with Temporomandibular Disorder.
Intervention: Manual Pressure Release techniques (6 trials); Joint manipulation (4 trials); Joint mobilization (1 trial); Soft-tissue

mobilization (1 trial); Stretching (1 trial); Instrumental-assisted techniques (2 trials); Massage (1 trial); MTs in combination (5 trials);
Not specified (1 trial).

Comparison: No intervention (13 trials), sham (6 trials), wait-list (1 trial).
Outcome: Pain intensity (15 trials); MMO (15 trials); Disability (5 trials).

Setting: Spain (5 trials); Brazil (4 trials); Japan (2 trials); USA (2 trials); Turkey (2 trials); Australia (1 trial); Iran (1 trial); Portugal (1
trial); Thailand (1 trial); Croatia (1 trial).

Outcome
Time-Point

MD or SMD
(CI 95%)

Sample Size
(No. of Studies)

GRADE
Assessment Comments

MT vs. Control
0–10 Pain intensity

Short-term

−1.83
(−3.46 to −0.20)

111
(3 studies)

⊕⊕��
LOW a,c

The difference is statistically
significant but may not be clinically

important based on a MCID = 2.

MT add effects
0–10 Pain intensity

Short-term

−1.47
(−2.12 to −0.82)

434
(10 studies)

⊕⊕⊕⊕
HIGH

The difference is statistically
significant but may not be clinically

important based on a MCID = 2.

MT vs. Control
0–10 Pain intensity

Long-term

−0.10
(−1.33 to 1.13)

39
(1 study)

⊕���
VERY LOW a,b,c

The difference is not statistically
significant.

MT add effects
0–10 Pain intensity

Long-term

−1.28
(−2.17 to −0.40)

342
(6 studies)

⊕⊕⊕�
MODERATE a

The difference is statistically
significant but may not be clinically

important based on a MCID = 2.

Joint Manipulation
0–10 Pain intensity

Short-term

−0.83
(−1.18 to −0.47)

111
(2 studies)

⊕⊕⊕�
MODERATE a

Subgroup analysis—MT modalities
The difference is statistically

significant but not clinically important
based on a MCID = 2.

Manual Pressure
0–10 Pain intensity

Short-term

−1.41
(−1.89 to −0.93)

114
(2 studies)

⊕⊕⊕�
MODERATE a

Subgroup analysis—MT modalities
The difference is statistically

significant but not clinically important
based on a MCID of 2 points.

Multimodal
0–10 Pain intensity

Short-term

−1.65
(−2.98 to −0.32)

171
(5 studies)

⊕⊕⊕�
MODERATE a

Subgroup analysis—MT modalities
The difference is statistically

significant but may not be clinically
important based on a MCID = 2.

Stretching
0–10 Pain intensity

Short-term

−1.86
(−3.27 to −0.45)

3
8(1 study)

⊕⊕��
LOW a,b

Subgroup analysis—MT modalities
The difference is statistically

significant but may not be clinically
important based on a MCID = 2.

MT vs. Control
MMO—mm

Immediate-effects

2.0
(−4.64 to 8.64)

32
(1 study)

⊕⊕��
LOW a,b

The difference is not statistically
significant.

MT add effects
MMO—mm

Immediate-effects

2.64
(−0.91 to 6.20)

251
(5 studies)

⊕⊕⊕�
MODERATE a

The difference is not statistically
significant.

MT vs. Control
MMO—mm
Short-term

3.65
(0.00 to 7.30)

72
(2 studies)

⊕⊕⊕�
MODERATE a

The difference is statistically
significant but may be not clinically
important based on a MDC of 5 mm

MT add effects
MMO—mm
Short-term

2.5
8(1.58 to 3.58)

494
(9 studies)

⊕⊕⊕⊕
HIGH

The difference is statistically
significant but not clinically important

based on a MDC of 5 mm
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Table 3. Cont.

Population: People with Temporomandibular Disorder.
Intervention: Manual Pressure Release techniques (6 trials); Joint manipulation (4 trials); Joint mobilization (1 trial); Soft-tissue

mobilization (1 trial); Stretching (1 trial); Instrumental-assisted techniques (2 trials); Massage (1 trial); MTs in combination (5 trials);
Not specified (1 trial).

Comparison: No intervention (13 trials), sham (6 trials), wait-list (1 trial).
Outcome: Pain intensity (15 trials); MMO (15 trials); Disability (5 trials).

Setting: Spain (5 trials); Brazil (4 trials); Japan (2 trials); USA (2 trials); Turkey (2 trials); Australia (1 trial); Iran (1 trial); Portugal (1
trial); Thailand (1 trial); Croatia (1 trial).

Outcome
Time-Point

MD or SMD
(CI 95%)

Sample Size
(No. of Studies)

GRADE
Assessment Comments

MT add effects
MMO—mm
Long-term

4.81
(1.22 to 8.40)

264
(6 study)

⊕⊕⊕�
MODERATE a

The difference is statistically
significant but may not be clinically
important based on a MDC = 5 mm.

MT add effects
Disability

Short-term

−0.51
(−0.87 to −0.14)

*

183
(4 studies)

⊕⊕⊕�
MODERATE a

The difference is statistically
significant and may have a Moderate

effect size based on the Hedges’g
cut-off point of 0.5.

MT vs. Control
Disability
Long-term

−4.20
(−7.01 to −1.39)

61
(1 study)

⊕⊕��
LOW a,b

The difference is statistically
significant but not clinically important

based on a MDC = 8.

GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect;

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the
effect, but there is a possibility that it is substantially different;

Low certainty: Confidence in the effect estimate is limited: The true effect may be substantially different from the estimated;
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the

estimate of effect.

Criteria for downgrade the certainty of evidence
a Downgraded owing to imprecision: Sample size < 400;

b Downgraded owing to inconsistence: When I2 > 50% or when pooling was not possible;
c Downgraded owing to risk of bias: >25% of the participants were from studies with a high risk of bias.

MD = Mean difference; SMD = Standardized Mean Difference; * = SMD; MT = Manual Therapy; MT vs. Control
= Comparison of manual therapy versus sham, placebo and wait-list; MT add effects = Comparison of manual
therapy combined with other active intervention versus the active intervention alone; mm = millimetres; MCID
= Minimum Clinically Important Difference; MDC = Minimal Detectable Change; MMO = Maximum Mouth
Opening with or without pain; Instrumental MT = Use of devices to assist on manual therapy techniques; Manual
Pressure = digital or manual pressure applied on a specific muscle area; Multimodal = Combination of two or
more manual therapies.

4. Discussion

This systematic review and meta-analysis found that manual therapy may have pos-
itive effects in the management of pain intensity, MMO and disability related to TMD;
however, the effects’ sizes are small and may not be clinically relevant. Current quality of
evidence ranged from very low to high, so future high quality RCTs are likely to change
the estimates. Moderate quality of evidence supports joint manipulation, manual pressure,
stretching and the combination of two or more manual therapies as additional therapies,
with a similar small effect size. Therefore, the choice of the manual therapy technique
should rely on the expertise of the health professional and preferences of the patient.

Our results corroborate with previous systematic reviews [17,19,55–59], which also
found some positive effects in favour of manual therapy and other conservative inter-
ventions for pain intensity, MMO and disability, although the quality of the evidence
has increased due to the inclusion of new trials. Among these, two recent systematic
reviews [17,59] investigate the effects of conservative approaches in arthrogenic [17] and
myogenic-related TMD [59]; however, manual therapy was considered as a general phys-
ical therapy approach and analysed together with other interventions such as exercises
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modalities, education and others. For that reason, our systematic review provides the most
up-to-date evidence of manual therapy approaches for the management of TMD.

There are important issues to be addressed in order to improve the current state of
the literature on this topic. The main reason to downgrade the level of evidence in our
review was imprecision due to the sample size. Moreover, most of the included trials have
a poor reporting quality and did not present data appropriately. Future high-quality RCTs
should focus on recruit larger sample sizes and use the reporting checklist. Moreover, it is
important to include economic evaluation and investigation of adverse events as outcomes
to improve the decision-making process.

This systematic review was conducted with strong methodological rigor following rec-
ommendations. It updates and synthesizes all available evidence on the efficacy of manual
therapy for pain intensity, MMO and disability in people with TMD. Estimating the effect
sizes on critical outcomes for patients, assessing the certainty of evidence for each effect
estimate and discussing the clinical relevance of the effect sizes across therapies informs
patients and clinicians in their decision making. However, this review has some potential
limitations. It included RCTs with patients with any diagnosis or type/classification (myo-
genic, arthrogenic or mixed) and also joint disorders. Subgroup analysis for the different
classification of TMD was not possible due the limited number of trials including specifics
types of TMD. Future trials should explore the effects of manual therapy in the different
TMD diagnosis. In addition, our investigation was restricted to three clinical outcomes. It
could be valuable to investigate other important clinical outcomes such as a health-related
quality of life, pain pressure threshold and most importantly, the costs and adverse effects
of the intervention.

5. Conclusions

We found moderate to high quality evidence of the positive effects of manual therapy
modalities for pain intensity, maximum mouth opening and disability in temporomandibu-
lar disorders. However, the effect sizes are small and may not be clinically important.
Future high-quality RCTs with larger sample sizes should explore the effects of manual
therapy in the different TMD diagnosis, clarify adverse effects and include an economic
evaluation for a better decision-making process.
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Abbreviations

Abbreviation Definition
CF-PDI Craniofacial pain and disability inventory
CIs Confidence intervals
DC/TMD The Diagnostic Criteria for Temporomandibular Disorders
FPHI Fonseca Patient History Index
GRADE Grading of Recommendations Assessment
JFLS Jaw Functional Limitation Scale
MCID Minimal clinical important difference
MDC Minimal Detectable Change
MDs Mean differences
MFIQ Mandibular Function Impairment Questionnaire
MFIQ Migraine Functional Impact Questionnaire
MMO Maximum mouth opening
NRS Numerical Rating Scale
PRISMA Prospective Reporting Items for Systematic Review and Meta-Analyses
PROSPERO Prospective Registry of Systematic Reviews
RCTs Randomised controlled trials
SDs Standard deviations
SMDs Standardized mean differences
TMD Temporomandibular disorders
VAS Visual Analog Scale
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Abstract: The objective was to compile, synthetize, and evaluate the quality of the evidence from
randomized controlled trials (RCTs) regarding the effectiveness of manual trigger point therapy in the
orofacial area in patients with or without orofacial pain. This project was registered in PROSPERO
and follows the PRISMA guidelines. Searches (20 April 2021) were conducted in six databases for
RCTs involving adults with active or latent myofascial trigger points (mTrPs) in the orofacial area.
The data were extracted by two independent assessors. Four studies were included. According to
the GRADE approach, the overall quality/certainty of the evidence was very low due to the high
risk of bias of the studies included. Manual trigger point therapy showed no clear advantage over
other conservative treatments. However, it was found to be an equally effective and safe therapy for
individuals with myofascial trigger points in the orofacial region and better than control groups. This
systematic review revealed a limited number of RCTs conducted with patients with mTrPs in the
orofacial area and the methodological limitations of those RCTs. Rigorous, well-designed RCTs are
still needed in this field.

Keywords: trigger points; myofascial pain; manual therapy; temporomandibular disorders;
systematic review

1. Introduction

Myofascial trigger points (mTrPs) can be defined as hypersensitive or tender spots
located within stretched muscle fibers (taut bands) of the skeletal muscles, which when
compressed or stretched can cause referred or local pain [1]. Myofascial trigger points
are associated with myofascial pain syndrome [1]. Myofascial pain can be defined as
regional muscle pain that has increased pain sensitivity when palpated [2]. Myofascial pain
and mTrP are commonly associated with orofacial pain and specifically associated with
temporomandibular disorders (TMD), which are characterized by pain, reduced mouth
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opening, muscle or joint tenderness on palpation, limitation of mandibular movements,
joint sounds, and otologic complaints such as tinnitus, vertigo or ear fullness among others.
Orofacial pain (OFP) can be defined as pain originating below the orbitomeatal line, above
the neck, and in front of the ears, including pain occurring in the mouth [3].

Pain disorders of the orofacial area are prevalent and can cause a significant per-
sonal and societal burden [4,5] The results of international epidemiological studies have
shown that orofacial pain occurs in approximately 5–12% of the adult population, and
young women are more affected by orofacial pain than men in a ratio of about
2:1 [5–7]. In fact, myofascial pain has been reported to play a major role in 45.3% of
TMD diagnoses [8,9]. Myofascial pain is the second most common pain type of orofa-
cial symptoms, and around 33% of the affected individuals have facial and masticatory
musculoskeletal symptoms [9,10].

Due to the complexity of OFP and specifically TMD, their management has been
interdisciplinary. Evidence-based treatments for these conditions, as stated by the guide-
lines of the American Academy of Orofacial Pain [10] include physical therapy (PT), pa-
tient education and self-management, behavioral therapy, pharmacologic management,
orthopedic appliance therapy, dental and occlusal therapy, and surgery among others.
Several systematic reviews [11–16] have looked at the effectiveness of these conservative
therapies and have found them to be potentially effective at managing these disorders.
However, the evidence is poor due to the high risk of bias and methodological issues in the
primary studies.

Both non-invasive and invasive (such as manual trigger point therapy and dry
needling) treatments exist for mTrPs. In the past few years, several studies have in-
vestigated the use of non-invasive therapies such as manual trigger point therapy [17],
acupuncture [18], manual therapy [19], and laser [20], among others, to manage mTrPs.
Manual trigger point therapy is a treatment method, which uses the hands of the thera-
pist/doctor in a structured way to inactivate the mTrPs and to treat accompanying con-
nective tissue changes, and movement restrictions [21]. The authors are not aware of
any previous systematic review of the effectiveness of manual trigger point treatment,
specifically in patients with myofascial trigger points, in the orofacial area. Based on our
preliminary searches, previous reviews have included manual therapy in general, but they
have not focused on manual trigger point therapy in particular and thus they have not
exhaustively analyzed this specific literature and its effectiveness [13,14,22]. In addition,
these reviews are already outdated since they were published almost seven years ago. The
research in this area in the last couple of years has emphasized that there is a scarcity of
available evidence in this field and therefore, there is an urgent need to fill this gap in the
literature and provide focused and updated information regarding the effectiveness of
manual trigger point therapy for the orofacial region [23–25].

Thus, the following objectives were set for this review: (1) To compile, synthesize, and
evaluate the quality of the evidence from RCTs or clinical trials regarding the effectiveness
of manual trigger point therapy compared with other treatment strategies, for managing
mTrPs in the orofacial area in individuals with or without orofacial pain, and (2) To inform
future practice and provide recommendations regarding manual trigger point therapy for
people with mTrPs in the orofacial area.

2. Materials and Methods

This project was registered in PROSPERO (CRD42020169216) and reported based on
the PRISMA guidelines [26].

Data Searches: This review was part of a large project looking at several interventions
to manage orofacial pain; and manual trigger point therapy was one of them. The search
(Appendix A) for all interventions was conducted at the same time and relevant keywords
for manual trigger point therapy were included. A health sciences librarian (LD) conducted
the searches in Medline (Ovid MEDLINE(R) ALL), Embase (Ovid interface), CINAHL
PLUS with full text (EBSSCOhost interface), Cochrane Library Trials (Wiley Interface), Web

68



Life 2023, 13, 336

of Science (Indexes=SCI-EXPANDED, SSCI, A&HCI, ESCI) and Scopus. The last search
was conducted on 20 April 2021. The search included all relevant search terms from an
earlier review [13] as well as new terms suggested by the research team. The search was
limited to RCTs using a slightly modified version of Glanville et al.’s filter [27]. The date
was limited to studies published after 2004 because of the earlier review [28]. No language
limits were applied.

2.1. Eligibility Criteria

The eligibility criteria of this review used the PICOS format (population, intervention,
comparison, outcome, and study design)

Population: This review considered studies that include adults (18+ years of age)
diagnosed with active or latent TrPs in the orofacial region with or without orofacial
pain. No limits were applied in terms of sex, ethnicity, or country of residence, but ani-
mal studies were excluded. Several diagnoses can be included in the umbrella term of
orofacial pain (OFP), depending on the classification used. We included types of OFP
diagnoses based on the International Classification of Orofacial Pain (ICOP) published in
2020 [3]: myofascial OFP (primary and secondary myofascial OFP), temporomandibular
joint pain, OFP resembling presentations of primary headaches, and idiopathic OFP. A
detailed description of these diagnoses can be found in Appendix B. The rest of the clas-
sifications stated in the ICOP were excluded due to the fact that they are most likely not
associated with myofascial TrPs (e.g., dental pain (i.e., pulpal pain, periodontal pain, and
gingival pain)).

Intervention(s)/Exposure(s): The intervention of interest in this review was manual
trigger point therapy which included the following: ischemic compression [29], trigger
point pressure release [30], myofascial release [31], manual pressure on taut bands [32],
passive stretching [33,34], manual fascial techniques [35], manual intraoral or extraoral
release [32], and strain–counterstrain technique [36,37]. The description of these techniques
can be found in Appendix C.

Comparator(s)/Control: Manual trigger point therapy was compared with any med-
ical or physiotherapeutic technique that included, but was not limited to, dry needling,
electrotherapy, laser therapy, exercises, acupuncture, ultrasound, splint management, medi-
cation, placebo, no treatment (control) or sham-therapy.

Outcome: The primary outcome of this review was pain intensity, which is frequently
measured with the following tools: visual analogue scale (VAS), numeric rating scale (NRS),
verbal rating scales (VRS), or graphical scales.

The secondary outcomes for this review were: pain pressure threshold (PPT) [38,39],
maximal mouth opening (MMO), and mandibular range of motion (ROM) (right and
left lateral excursion, protrusion) [40] among others. This review collected all outcomes
reported by the included studies.

All time-points reported from the primary and secondary outcomes were analyzed
(i.e., immediate post-treatment, short-term, intermediate-term, and long-term follow-up).

Studies: This review included RCTs and controlled clinical trials (CCTs). All other
types of studies were excluded. All therapeutic settings were included in this review.

2.2. Data Screening

Search results were compiled into an EndNote database and then imported into Covi-
dence (www.covidence.org), which was used for the screening process. Two independent
reviewers screened the titles and abstracts and full text. If disagreements occurred between
the reviewers in the inclusion of an article, the reasons for the disagreement were discussed,
and a consensus was reached.

2.3. Data Extraction

Data extraction was first performed independently by one reviewer using an electronic
pilot-tested form created in Excel. A second reviewer checked the extracted information
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of each study. The data extraction contained qualitative and quantitative elements. The
following qualitative elements were extracted: article information; main objective of the
study, study design, type of interventions, study setting, population, diagnosis tools, data
collection methods, RCT type, number of randomized groups; outcomes; data analysis, re-
sults, conclusions, limitations, among others. The quantitative elements for treatment effect
estimates were extracted for outcomes at baseline and at different time points, including
mean, standard deviation (SD), sample size, standard error (SE), and confidence intervals.
Any disagreements on data extraction were resolved by consensus.

2.4. Risk of Bias (Quality Assessment)

Quality assessment (risk of bias—RoB) was conducted by two independent reviewers
on all included studies using the new risk of bias tool (RoB2) recommended by the Cochrane
Collaboration [41,42]. Two reviewers independently assessed the RoB in the primary
studies [43]. For the overall assessment of the RoB for each study, studies were rated as
follows: “high risk of bias” (if the study was rated high in at least one domain), “some
concerns” (if the study was rated as “some concerns” in at least one domain and the other
domains were low), or “low risk of bias” (if the study was rated as low risk in all individual
domains). Similar decision rules have been used by previous studies when rating the
overall risk of bias assessment of RCTs [44]. Disagreements in risk assessment ratings were
resolved by consensus. In addition, we used a compiled set of items from seven scales
used to evaluate the RoB in the physical therapy field [45]. This compiled set of items
has been described previously and has been used in several systematic reviews of our
team [12,13,46].

2.5. Data Synthesis

We summarized our findings using a narrative synthesis based on the type of inter-
vention (e.g., ischemic compression, myofascial release, trigger point pressure release),
type of diagnosis (e.g., latent or not latent masticatory mTrPs), and based on the type of
outcome (e.g., pain intensity, maximum mouth opening, and pain pressure threshold). We
presented the study results using evidence tables and forest plots when feasible. We used
forest plots to visually show study results and direction of the treatment effects. Narrative
and qualitative summaries were provided when possible. Revman 5.4 software was used
to construct forest plots for all comparisons. Mean differences (MD) were used to analyze
continuous outcomes and ordinal data were analyzed as continuous data. To interpret
MD, the minimal important difference was used for each of the outcomes. To interpret the
pain intensity, mouth opening, and tenderness, a mean difference of 1.9 cm [47], 5 mm [48],
and 1.12 Kg/cm2 [49], respectively, were considered a clinically significant finding for
these outcomes.

Overall Quality of the Evidence: The evidence was classified as high, moderate, low,
and very low based on the GRADE approach based on the outcomes of interest [50]. The
evidence was downgraded by one or two points when serious or very serious limitations,
respectively, were found in the following domains: risk of bias, consistency of results,
indirectness (reproducible, targeted to the population of interest), imprecision (insufficient
data), or publication bias [50]. The evidence was upgraded based on three factors when
applicable: large effect (up to 2 points increase), dose–response gradient (1-point increase),
and plausible confounding that would change the effect.

3. Results
3.1. Study Selection

A total number of 8483 studies were found in the databases. Twenty-four studies were
selected for full-text screening; however, among those, 20 studies were excluded based
on the reasons described in the PRISMA flowchart (Figure 1). A detailed list of excluded
studies and reasons for exclusion can be obtained from the authors upon request. Four
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studies were selected for data extraction and risk of bias assessment and were included in
this systematic review [17,51–53].

Life 2023, 13, 336 5 of 28 
 

 

based on the reasons described in the PRISMA flowchart (Figure 1). A detailed list of ex-
cluded studies and reasons for exclusion can be obtained from the authors upon request. 
Four studies were selected for data extraction and risk of bias assessment and were in-
cluded in this systematic review. [17,51–53] 

 

 
Figure 1. Flow diagram of included studies for this systematic review based on PRISMA guidelines. 

3.2. Study Characteristics—Synthesis of Results 
Table 1 summarizes the type of treatment, outcomes, results, and conclusions of each 

study. Regarding the diagnosis, two studies [17,53] included subjects with the diagnosis 
of trigger points and myogenic TMD using the RDC/TMD criteria [54] and two [51,52] 
included subjects with the diagnosis of latent mTrPs in the masseter muscles as stated by 
Simons et al. [2] but no OFP was identified by the authors.  

In terms of manual trigger points techniques, two studies [51,52] used the 
strain/counterstrain technique to treat latent mTrPs, and two studies [37,55] used ischemic 
compression to treat patients with myogenic TMD.  

The duration of the sessions and exposure times, as well as the duration of the whole 
treatment (in weeks) were poorly described in all studies. No adverse effects were de-
scribed in any of the included studies. No other outcome was used besides the ones pre-
sented in Table 1 (i.e., pain intensity, pressure pain threshold, maximum/active mouth 
opening, and range of motion for active knee extension). The timing of outcome measure-
ments was carried out immediately after each intervention in all four studies. No follow-
up analysis was performed.  

The results and characteristics of the studies are shown in detail in Appendix D. 
Meta-analysis was not possible due to the low number of studies and heterogeneity 
among the protocols. 

Table 1. Summary of randomized controlled trials included in this systematic review. 

Study 
(year) 

Interventio
n vs. 

Outcome 
measure – 

Results 
between 
groups 

Results between groups 
P value and Clinical 

Significance assessment 
Conclusion 

Figure 1. Flow diagram of included studies for this systematic review based on PRISMA guidelines.

3.2. Study Characteristics—Synthesis of Results

Table 1 summarizes the type of treatment, outcomes, results, and conclusions of each
study. Regarding the diagnosis, two studies [17,53] included subjects with the diagnosis
of trigger points and myogenic TMD using the RDC/TMD criteria [54] and two [51,52]
included subjects with the diagnosis of latent mTrPs in the masseter muscles as stated by
Simons et al. [2] but no OFP was identified by the authors.

Table 1. Summary of randomized controlled trials included in this systematic review.

Study (Year)
Intervention vs.

Comparison
Group(s)

Outcome
Measure—
Measure

Tool

Results
between
Groups

MD [95% CI]

Results between
Groups

p Value and Clinical
Significance
Assessment

Conclusion

Blanco et al.
(2006) [51]

SC (masseter)

vs.PIR (masseter)

vs. Control: no
therapy

MMO
(mm)—NR

MMO:
SC vs. PIR
−1.80 mm

[−5.12, 1.52]
SC vs. CO
0.30 mm

[−3.29, 3.89]

MMO:
SC vs. PIR

(p = 0.4090; no
significant difference

between groups; NCS)
SC vs. CO

(p = 0.84, no significant
difference between

groups; NCS)

For participants with
latent mTrPs in the

masseter muscle, the
post-isometric

relaxation technique
showed a greater effect

on active mouth
opening than the

strain/counterstrain
technique.
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Table 1. Cont.

Study (Year)
Intervention vs.

Comparison
Group(s)

Outcome
Measure—
Measure

Tool

Results
between
Groups

MD [95% CI]

Results between
Groups

p Value and Clinical
Significance
Assessment

Conclusion

Ibáñez-García
et al. (2009) [52]

SC (masseter)

vs. NT
(masseter)

vs. Control: no
therapy

Pain intensity
(0–10 cm)—VAS

PPT (kg/cm2)—
mechanical

pressure
algometer

MMO
(mm)—NR

Pain intensity:
SC vs. NT

0.40 cm [−0.54,
1.34]

SC vs. CO
1.60 cm [0.77,

2.43]

PPT:
SC vs. NT
0.0 kg/cm2

[−0.23, 0.23]
SC vs. CO

0.70 kg/cm2

[0.48, 0.92]

MMO:
SC vs. NT
0.00 mm

[−3.30, 3.30]
SC vs. CO

6.00 mm [1.97,
10.03]

Pain intensity:
SC vs. NT

(p = 0.9, no significant
difference between

groups; NCS)
SC vs. CO

(p <0.001, significant
difference favoring SC;

PCSR)
PPT:

SC vs. NT
(p = 0.9, no significant

difference between
groups; NCS)

SC vs. CO
(p < 0.001, significant

difference favoring SC;
NCS)

MMO:
SC vs. NT

(p = 0.9, no significant
difference between

groups; NCS)
SC vs. CO (p < 0.001,
significant difference

favoring SC; CSR)

The neuromuscular or
strain/ counterstrain
technique showed in
the results’ increased
PPTs, increased active
mouth opening, and
decreased local pain

by pressure over latent
myofascial TrPs in the
masseter muscle. For

both intervention
groups, the large effect
sizes suggest a strong
clinical effect, while
the effect size of the
control was small.

Espejo-Antúnez
et al. (2016) [53]

IC (masseter)
+ HS (hamstrings)

vs. HS
(hamstrings)

Pain intensity
(0–10 cm) – VAS

PPT (kg/cm2) –
mechanical

pressure
algometer

MMO/VMO
(mm) –

calibrated caliper

ROM (degree ◦) –
computer
analysis of

photographs

Pain intensity:
HS vs.

HS+IC_R
0.00 cm [−3.15,

3.15]
HS vs.

HS+IC_L
0.00 cm [−2.94,

2.94]

PPT:
HS vs.

HS+IC_R
−0.10 kg/cm2

[−0.70, 0.50]
HS vs.

HS+IC_L
0.00 kg/cm2

[−0.20, 0.20]

MMO/VMO:
HS vs. HS+IC

0.20 mm
[−3.77, 4.17]

Pain intensity:
HS vs. HS+IC_R

(p = 1.0; no significant
difference between

groups; NCS)
HS vs. HS+IC_L

(p = 1.0; no significant
difference between

groups; NCS)
PPT:

HS vs. HS+IC_R
(p = 0.7616; no

significant difference
between groups; NCS)

HS vs. HS+IC_L
(p = 1.0; no significant

difference between
groups; NCS)
MMO/VMO:

HS vs. HS+IC
(p = 0.4708; no

significant difference
between groups; NCS)

Both groups showed
an increased
hamstrings

extensibility, active
mouth opening, and

pressure pain
threshold, as well as

decreased pain
intensity. Adding

ischemic compression
did not result in

further improvements
in hamstrings

extensibility or clinical
features of TMD.
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Table 1. Cont.

Study (Year)
Intervention vs.

Comparison
Group(s)

Outcome
Measure—
Measure

Tool

Results
between
Groups

MD [95% CI]

Results between
Groups

p Value and Clinical
Significance
Assessment

Conclusion

Lietz-Kijak et al.
(2018) [17]

IC (masseter)

vs. KT (masseter)

Pain intensity
(0–10 cm) – VAS

Pain intensity:
KT vs. IC
−1.30 cm

[−2.05, −0.55]

Pain intensity:
KT vs. IC

(p < 0.001; significant
difference favoring KT;

PCSR)

Significant analgesic
effects were achieved
by kinesiotaping (KT)
and TrP inactivation
for the treatment of

painful forms of
functional disorders of

the masticatory
muscles; however,

more beneficial results
were observed in the

KT group.

CSR: clinically significant result; CO: Control group; d: days; F: female; HS: Hamstring-stretching; IC: Ischemic
compression; SC: Strain/Counterstrain technique; KT: Kinesiotaping; L: left side; M: male; MTT: Manual TrP
therapy; MMO: Maximal mouth opening; MD: Mean difference; m: months; NA: Not applicable; NCS: not
clinically significant; NR: not reported; NT: Neuromuscular technique; PIR: Post-isometric relaxation; PCSR:
potentially clinically significant result; PPT: Pressure pain threshold; ROM: Range of motion (knee extension); R:
right side; TT: time of treatment of mTrP; T: treatment; w: week; VMO: vertical mouth opening.

In terms of manual trigger points techniques, two studies [51,52] used the strain/
counterstrain technique to treat latent mTrPs, and two studies [37,55] used ischemic com-
pression to treat patients with myogenic TMD.

The duration of the sessions and exposure times, as well as the duration of the whole
treatment (in weeks) were poorly described in all studies. No adverse effects were described
in any of the included studies. No other outcome was used besides the ones presented
in Table 1 (i.e., pain intensity, pressure pain threshold, maximum/active mouth opening,
and range of motion for active knee extension). The timing of outcome measurements was
carried out immediately after each intervention in all four studies. No follow-up analysis
was performed.

The results and characteristics of the studies are shown in detail in Appendix D. Meta-
analysis was not possible due to the low number of studies and heterogeneity among
the protocols.

3.3. Pain Intensity

Comparison of manual trigger point therapy vs. control group: Only one study [52]
evaluated the effect of a manual trigger point technique (strain/counterstrain technique)
compared to a control group. The qualitative comparison presented in the forest
plot (Figure 2) and Table 2 (effect sizes), showed that the results favored the manual trigger
point therapy (strain/counterstrain technique) when compared to the control group (MD
[95% CI] 1.60 cm [0.77, 2.43]). The MD between groups was potentially clinically significant
based on the minimally important difference of pain intensity reported (Figure 2) [47].
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Figure 2. Forest plot for qualitative comparison of manual TrP therapy vs. any other therapy or 
controls used in the analyzed studies. Pain is reported in cm, pressure pain thresholds (PPT) in 
kg/cm2, and mouth opening in mm). 

Table 2. Quality of evidence (GRADE) between manual TrP therapy versus other interventions. 
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No. of 
Studies 
(Design; 
Time of 

measurem
ent) 

Risk of 
Bias 

Inconsis
-tency 

Indirec
tness 

Imprecis
ion 

Publicatio
n Bias 

Patients in 
Tx group 

Patients in 
Compariso
n/ Control 

Group 

Estimate 
(MD) 

[95%CI] 

Qual
ity 

Pain Intensity (assessed with VAS: scale from 0 – 10 cm) – Manual TrP therapy vs. Control 
Strain/Counterstrai

n technique vs. 
Control (no 
treatment) 

1 RCT [52]; 
right after 
treatment 

Very 
Serious 

a) 
NA 

Serious 
d) Seriouse) 

Undetecte
df) 25 24 

MD = 1.60 
cm 
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Figure 2. Forest plot for qualitative comparison of manual TrP therapy vs. any other therapy or
controls used in the analyzed studies. Pain is reported in cm, pressure pain thresholds (PPT) in
kg/cm2, and mouth opening in mm).

Comparison of manual trigger point therapy vs. other therapies: Three of the stud-
ies [17,52,53] evaluated the effect of manual trigger point techniques (strain/counterstrain
technique and ischemic compression) versus other interventions such as neuromuscular
technique, [52] ischemic compression plus stretching of the hamstring, [53] kinesiotap-
ing [17] to reduce pain provoked by TrPs. Based on the qualitative analyses, no signif-
icant differences in pain intensity favoring manual trigger point therapies versus other
passive treatments were found. Kinesiotaping was found to be potentially clinically rel-
evant based on the minimal important difference found between groups (MD [95% CI]
−1.30 cm [−2.05, −0.55]) [47] (Figure 2 and Table 2 (Effect size)).

3.4. Pressure Pain Threshold

Comparison of manual trigger point therapy vs. control group: One study [52]
evaluated the effect of a manual trigger point technique (strain/counterstrain technique)
compared to a control group (i.e., no treatment). The forest plot (Figure 2) and Table 2
(effect sizes) showed that the results favored manual trigger point therapy (MD [95%]:
0.70 kg/cm2 [0.48, 0.92]). However, this difference was not clinically relevant (Figure 2) [49].

Comparison of manual trigger point therapy vs. other therapies: Two studies [52,53]
evaluated the effect of manual trigger point techniques (strain/counterstrain technique,
ischemic compression) versus other intervention methods such as neuromuscular tech-
nique [52], or hamstring stretching [53]. There were no significant differences between
groups for pressure pain threshold values in both studies (Table 1 and Figure 2) [49].
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3.5. Maximum or Vertical Mouth Opening

Comparison of manual trigger point therapy vs. control group: Two studies [51,52]
evaluated the effect of the manual trigger point technique (strain/counterstrain technique)
compared to a control group (Figure 2, 2.3.6). Results of these studies were mixed; one
study [51] found no statistical difference between groups and the other [52] found sig-
nificant results favoring the manual trigger point therapy group. This study showed a
clinically relevant increase on maximal mouth opening in the manual trigger point therapy
group compared to the control group (MD [95% CI]: 6.00 mm [1.97, 10.03]) (Figure 2).

Comparison of manual trigger point therapy vs. other therapies: Three studies [51–53]
evaluated the effect of strain/counterstrain technique or ischemic compression versus other
intervention methods such as post-isometric relaxation [51], neuromuscular technique [52], or
hamstring stretching [53]. None of the studies showed a clear and significant difference between
manual trigger point therapy and any of the other techniques analyzed (Figure 2 and Table 1).

3.6. Risk of Bias of Analyzed Studies

The risk of bias (RoB) is summarized in detail in Appendix E and Figure 3. All the
included studies for this systematic review used a random sequence generation, provided
well defined inclusion and exclusion criteria for their populations, and gave a detailed
description of the protocols used for treatment. However, all of them had some methodolog-
ical flaws (Appendix E). Questions regarding the interventions revealed that the treatment
protocol was inadequately described by all included studies, as some details of exposure
were not reported. Therefore, the reproducibility of these interventions is not possible.
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Figure 3. Risk of bias summary performed using the Cochrane Risk of Bias tool to evaluate the
quality of the RCTs.

Regarding all aspects of the compiled set of items and the RoB assessment tool, the
four studies included in this systematic review were considered to have an overall high
risk RoB (Figures 3 and 4, and Appendix E).
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3.7. Quality of Evidence

The study quality was assessed using the GRADE approach [50]. The overall quality
of evidence was very low (Table 2) due to the high RoB of all included studies and due to
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the indirectness in some of the comparisons in this systematic review. The evidence was
generally downgraded for three reasons including RoB, imprecision, and indirectness of
the reported results.

4. Discussion

The findings from this systematic review show that manual trigger point therapy could
potentially be beneficial for patients with mTrPs in the orofacial area. Even though manual
trigger point therapy did not show a clear advantage over other conservative treatments,
it was found to be an effective therapy for patients with mTrPs in the orofacial area and
better than control groups. However, the number of studies was limited, the RoB was
high, and the certainty of evidence was low. Despite the poor quality of the evidence, the
non-invasive nature of the manual myofascial techniques can be an attractive complement
or even alternative to other interventions. In addition, although we aimed to pool studies,
this was not possible due to the heterogeneity of the results of the included studies.

4.1. Effectiveness of Manual Trigger Point Therapy in Comparison with Other Reviews

This systematic review results are in agreement with other systematic reviews fo-
cusing on other regions of the body, such as headache or neck pain, and myofascial pain
syndromes [24,25,56]. All reviews agree that treatment with manual trigger point therapy
techniques leads to a significant or promising improvement in several outcomes when
compared with home exercises [57], physical therapy modalities (i.e., hot packs, transcuta-
neous electric nerve stimulation (TENS), stretch with spray, and others) [58], or transverse
friction massage [59], but the level of evidence remains low to very low. Although pre-
vious reviews on this topic are available, they are already outdated (in the view of the
Cochrane collaboration), as they were published more than 5 years ago, their conclusions
can be maintained as their results agree with ours, which provides an updated analysis of
this literature.

One finding of clinical importance from these reviews is that the included trials in
these reviews had a low number of sessions or they did not implement follow-ups of the
manual therapy treatment, similar to the findings of this systematic review. It is unlikely
that short treatment exposure from these manual TrPs techniques (i.e., a limited number of
sessions) can produce a significant and long-lasting effect as highlighted by our review.

4.2. Methodological Biases and Evidence Quality

As shown previously, all the included studies were considered to have a high risk
of bias (Figure 3). These common biases in the included studies could have impacted the
results of this review and are shown in Figure 4. The lack of blinding might have influenced
the results of the analyzed studies, but due to the nature of the treatment methods used,
blinding might not have been possible in all cases. There are some strategies that have
been suggested to overcome lack of blinding in this type of studies that could be used
in future research in this area [60]. Even though the studies reported the interventions
they used adequately for their treatment groups, they did not report on co-interventions,
adverse effects, or adequate adherence to the treatments. In addition, it is unclear whether
the participants received all scheduled treatment sessions and whether they received a
sufficient dose of treatments, especially since some of the included studies [51,53] used
only one session of manual trigger point therapy (Tables 1 and 2). Furthermore, none of the
trials investigated any short-term or long-term effects of the interventions (no follow-ups).
All these shortcomings make the evidence from these studies uncertain and poor.

4.3. Future Directions

This review shows that there is a paucity of studies looking at the effectiveness of
manual trigger point therapy in individuals with myofascial trigger points in the orofacial
region. In addition, from the few studies included, no high-quality evidence could be
found, which indicates that there is great uncertainty about the effectiveness of manual
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trigger point therapy in comparison with other therapies in this area. There is a great need
for well-designed RCTs considering the limitations highlighted by this review (see section
above) to specifically investigate manual trigger point therapy for patients with mTrPs in
the orofacial area [23–25].

4.4. Clinical and Research Implications

One of the striking results of this systematic review was that manual trigger point
therapy techniques were only applied in a few sessions and were not followed up. Further
studies are needed to examine the effect of manual trigger point therapy involving a longer
period (more sessions) and measure the long-term effects of these interventions, especially
the ischemic compression and strain/counterstrain techniques.

Surprisingly, none of the studies included in this systematic review used a placebo
group. Thus, it is unclear, whether manual trigger point therapy was better than a placebo
treatment. Future studies evaluating the effect of manual trigger point therapy techniques
might need a stronger study design including a placebo intervention.

4.5. Strengths and Limitations of This Review

This systematic review has some strengths and limitations that need to be addressed
at this point. The literature searches were performed by an experienced health sciences
librarian. This enabled accurate identification of possible studies from the respective
databases. In addition, our systematic review did not limit on the basis of language and
we searched from 1946 to April 2021 (i.e., database inception to date of last search). Our
inclusion criteria were also broad since our objective was to include all studies looking
at manual trigger point therapies. Despite these broad criteria and the thorough search
conducted, only four studies were found that met our criteria for inclusion. Furthermore,
this review was the first to specifically investigate manual trigger point therapy in patients
with latent mTrPs in muscles of the orofacial region. Nevertheless, the most common
condition reported on was TMD.

In addition, it is important to note that a high risk of bias was found across all included
studies, which limits the confidence of the effect of manual trigger point therapies. In
addition, due to the paucity of the evidence (i.e., limited number of studies) as well as
the heterogeneity of the literature (i.e., not used standardized protocols in the studies), no
meta-analysis of the effect estimates could be performed. In addition, we could not explore
publication biases through a funnel plot due to the limited number of studies. However,
due to the comprehensive searches performed, we do not believe this is a concern.

5. Conclusions

The results from this systematic review support that strain/counterstrain therapy
was superior to control groups for patients with mTrPs in the orofacial area to improve
pain intensity, pain pressure threshold and mouth opening. However, manual trigger
point therapy was equivalent to other active treatment techniques. Overall, the quality
of evidence was very low and the risk of bias was high. Therefore, manual trigger point
techniques could potentially be used as a complementary technique in the treatment of
patients with mTrP in the orofacial area. In addition, there is a paucity of well conducted
RCTs in patients with mTrPs in the orofacial region. Rigorous, well-designed RCTs are still
needed in this field.
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Appendix A. Search Strategies

Appendix A.1. Ovid MEDLINE(R) ALL 1946 to 20 April 2021

Search date: 20 April 2021
1. exp Temporomandibular Joint/
2. craniomandibular disorders/ or exp temporomandibular joint disorders/
3. (((temporomandibular or craniomandibular) adj4 (disorder* or disease* or syn-

drome* or pain*)) or tmj or tmd or costen*).mp.
4. Facial Pain/
5. exp Myofascial Pain Syndromes/
6. ((myofascial or facial or orofacial or craniofacial or jaw) adj2 pain*).mp.
7. exp Masticatory Muscles/
8. (Masticatory or Masseter or pterygoid or (Temporal adj2 Muscl*)).mp.
9. or/1–8
10. exp cryotherapy/ or exp electric stimulation therapy/ or exp diathermy/ or

acupuncture/ or exp acupuncture therapy/ or exp phototherapy/
11. exp Biofeedback, Psychology/
12. Iontophoresis/
13. exp Electrophoresis/
14. exp lasers/ or laser therapy/ or low-level light therapy/
15. (Ultrasound or ultrasonic therap* or ultrasonograph* or TENS or ((transcutaneous

or electric* or intramuscular) adj3 stimulation) or Electrostimulation or electroanalges* or
electrotherap* or ((electric* or percutaneous) adj3 neuromodulation*) or (Interferential adj2
(current or therapy or treatment)) or microcurrent* or russian-current or (burst-modulat*
adj3 alternating-current*) or pulsed-radio-frequency-energy or pulsed-radiofrequency-
energy or Biofeedback or laser* or photobiomodulation* or phototherap* or Shortwave or
short-wave or Electromagnetic-fields or Iontophores* or Electrophores* or acupuncture or
Electroacupuncture or acupressure or needling or myofascial-release or (trigger-point* adj4
(therap* or treatment* or massage or release)) or ((manual or ischemic) adj3 compression)
or diathermy or ice or heat or cold or cryotherap* or Cryogenic-therap* or cryotreatment or
cryothermy).mp.

16. or/10–15
17. exp Clinical trial/ or randomized.tw. or placebo.tw. or randomly.tw. or trial.tw. or

groups.tw.
18. 9 and 16 and 17
19. limit 18 to yr = “2004—Current”
20. limit 19 to animals
21. limit 20 to humans
22. 19 not 20 not 21

Appendix A.2. Embase 1974 to April 2021 (OVID Interface)

Search date: 20 April 2021
1. exp temporomandibular joint/
2. temporomandibular joint disorder/
3. face pain/
4. myofascial pain/
5. exp masticatory muscle/
6. (((temporomandibular or craniomandibular) adj4 (disorder* or disease* or syn-

drome* or pain*)) or tmj or tmd or costen* or (pain adj2 (myofascial or facial or orofa-
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cial or jaw or craniofacial)) or ((masticatory or masseter or pterygoid or temporal) adj2
muscl*)).mp.

7. or/1–6
8. cryotherapy/
9. exp electrotherapy/
10. exp ultrasound therapy/
11. exp diathermy/
12. exp acupuncture/
13. exp phototherapy/
14. exp biofeedback/
15. exp electrophoresis/
16. exp laser/
17. (Ultrasound or ultrasonic therap* or ultrasonograph* or TENS or ((transcutaneous

or electric* or intramuscular) adj3 stimulation) or Electrostimulation or electroanalges* or
electrotherap* or ((electric* or percutaneous) adj3 neuromodulation*) or (Interferential adj2
(current or therapy or treatment)) or microcurrent* or russian-current or (burst-modulat*
adj3 alternating-current*) or pulsed-radio-frequency-energy or pulsed-radiofrequency-
energy or Biofeedback or laser* or photobiomodulation* or phototherap* or Shortwave or
short-wave or Electromagnetic-fields or Iontophores* or Electrophores* or acupuncture or
Electroacupuncture or acupressure or needling or myofascial-release or (trigger-point* adj4
(therap* or treatment* or massage or release)) or ((manual or ischemic) adj3 compression)
or diathermy or ice or heat or cold or cryotherap* or Cryogenic-therap* or cryotreatment or
cryothermy).mp.

18. or/8–17
19. exp clinical trial/
20. (randomized or placebo or randomly or trial or groups).tw.
21. 19 or 20
22. 7 and 18 and 21
23. limit 22 to animals
24. 22 not 23
25. limit 24 to yr =“2004—Current”
26. limit 25 to conference abstract status
27. 25 not 26

Appendix A.3. Wiley Cochrane Library Trials Database

Search date: 20 April 2021
#1 [mh “Temporomandibular Joint”] or [mh ˆ”craniomandibular disorders”] or [mh

“temporomandibular joint disorders”] or [mh ˆ”Facial Pain”] or [mh “Myofascial Pain
Syndromes”] or [mh “Masticatory Muscles”]

#2 (((temporomandibular or craniomandibular) near/4 (disorder* or disease* or
syndrome* or pain*)) or tmj or tmd or costen*):ti,ab,kw

#3 ((myofascial or facial or orofacial or craniofacial or jaw) near/2 pain*):ti,ab,kw
#4 (Masticatory or masseter or pterygoid or (temporal near/2 muscl*)):ti,ab,kw
#5 #1 OR #2 OR #3 OR #4
#6 [mh “cryotherapy”] or [mh “electric stimulation therapy”] or [mh “diathermy”]

or [mh ˆ”acupuncture”] or [mh “acupuncture therapy”] or [mh “phototherapy”]
#7 [mh “Biofeedback, Psychology”] or [mh ˆ”Iontophoresis”] or [mh “Electrophore-

sis”] or [mh “lasers”] or [mh ˆ”laser therapy”]
#8 [mh ˆ”low-level light therapy”]
#9 (Ultrasound or (ultrasonic NEXT therap*) or ultrasonograph* or TENS or ((tran-

scutaneous or electric* or intramuscular) near/3 stimulation) or Electrostimulation or
electroanalges* or electrotherap* or ((electric* or percutaneous) near/3 neuromodula-
tion*) or (Interferential near/2 (current or therapy or treatment)) or microcurrent* or
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russian-current or (burst-modulat* near/3 alternating-current*) or pulsed-radio-frequency-
energy or pulsed-radiofrequency-energy or Biofeedback or laser* or photobiomodulation*
or phototherap* or Shortwave or short-wave or Electromagnetic-fields or Iontophores*
or Electrophores* or acupuncture or Electroacupuncture or acupressure or needling or
myofacial-release or ((trigger NEXT point*) near/4 (therap* or treatment* or massage
or release)) or ((manual or ischemic) near/3 compression) or diathermy or ice or heat
or cold or cryotherap* or (Cryogenic NEXT (therap* or treatment)) or cryotreatment or
cryothermy):ti,ab,kw

#10 #6 OR #7 OR #8 OR #9
#11 [mh “Clinical trial”] or randomized:ab or placebo:ab or randomly:ab or trial:ab

or groups:ab
#12 #5 AND #10 AND #11
(Must limit to year specifically for TRIALS 2004–2019)

Appendix A.4. Web of Science (Indexes=SCI-EXPANDED, SSCI, A&HCI, ESCI)

Search date: 20 April 2021
#1 TS=(((temporomandibular or craniomandibular) NEAR/4 (disorder* or disease*

or syndrome* or pain*)) or tmj or tmd or costen* or ((myofascial or facial or orofacial or
craniofacial or jaw) NEAR/2 pain*) or ((masticatory or masseter or pterygoid or temporal)
NEAR/2 muscl*))

#2 TS=(Ultrasound or ultrasonic-therap* or ultrasonograph* or TENS or ((transcuta-
neous or electric* or intramuscular) NEAR/3 stimulation) or Electrostimulation or elec-
troanalges* or electrotherap* or ((electric* or percutaneous) NEAR/3 neuromodulation*)
or (Interferential NEAR/2 (current or therapy or treatment)) or microcurrent* or russian-
current or (burst-modulat* NEAR/3 alternating-current*) or pulsed-radio-frequency-energy
or pulsed-radiofrequency-energy or Biofeedback or laser* or photobiomodulation* or pho-
totherap* or Shortwave or short-wave or Electromagnetic-fields or Iontophores* or Elec-
trophores* or acupuncture or Electroacupuncture or acupressure or needling or myofascial-
release or (trigger-point* NEAR/4 (therap* or treatment* or massage or release)) or ((manual
or ischemic) NEAR/3 compression) or diathermy or ice or heat or cold or cryotherap* or
Cryogenic-therap* or cryogenic-treatment* or cryotreatment or cryothermy)

#3 TS= (Clinical-trial or randomized or placebo or randomly or trial or groups) OR
TI=(rct)

#4 #1 AND #2 AND #3
#5 #4 NOT TI= (rat or rats or pig or pigs or porcine or mouse or mice or rabbit* or

hamster or hamsters or animal or animals or bovine or sheep or murine or primate* or
animal or pain-model*)

Indexes=SCI-EXPANDED, SSCI, A&HCI, ESCI Timespan=2004–2019

Appendix A.5. CINAHL Plus with Full Text

Date searched: 20 April 2021
Mode: Boolean Phrase (deselect “Apply equivalent subjects”)
S1. ( (MH “Temporomandibular Joint”) OR (MH “Myofascial Pain Syndromes+”)

OR (MH “Craniomandibular Disorders+”) OR (MH “Masticatory Muscles+”) OR (MH
“Facial Pain”) ) OR ( ((temporomandibular or craniomandibular) N4 (disorder* or disease*
or syndrome* or pain*)) or tmj or tmd or costen* or ((facial or orofacial or myofascial
or jaw or craniofacial) N2 pain*) or Masticatory or Masseter or pterygoid or (Temporal
N2 Muscl*) )

S2 ( MH “Diathermy+”) OR (MH “Electric Stimulation+”) OR (MH “Cryotherapy”)
OR (MH “Electrotherapy+”) OR (MH “Heat-Cold Application”) OR (MH “Laser Ther-
apy”) OR (MH “Lasers”) OR (MH “Biofeedback”) OR (MH “Phototherapy”) OR (MH
“Electrophoresis+”) ) OR (Ultrasound or ultrasonic-therap* or ultrasonograph* or TENS
or ((transcutaneous or electric* or intramuscular) N3 stimulation) or Electrostimulation or
electroanalges* or electrotherap* or ((electric* or percutaneous) N3 neuromodulation*) or
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(Interferential N2 (current or therapy or treatment)) or microcurrent* or russian-current
or (burst-modulat* N3 alternating-current*) or pulsed-radio-frequency-energy or pulsed-
radiofrequency-energy or Biofeedback or laser* or photobiomodulation* or phototherap*
or Shortwave or short-wave or Electromagnetic-fields or Iontophores* or Electrophores*
or acupuncture or Electroacupuncture or acupressure or needling or myofacial-release or
(trigger-point* N4 (therap* or treatment* or massage or release)) or ((manual or ischemic)
N3 compression) or diathermy or ice or heat or cold or cryotherap* or Cryogenic-therap*
or cryogenic-treatment* or cryotreatment or cryothermy)

S3 (MH “Clinical Trials+”) OR (randomized or placebo or randomly or trial or groups)
Limiters—Published Date: 20040101–20191231

Appendix A.6. SCOPUS

Date searched: 20 April 2021
( ( ( TITLE-ABS-KEY ( ( ( temporomandibular OR craniomandibular ) W/4 ( disor-

der* OR disease* OR syndrome* OR pain* ) ) OR tmj OR costen* OR ( ( myofascial OR
facial OR orofacial OR craniofacial OR jaw ) W/2 pain* ) OR ( ( masticatory OR masseter
OR pterygoid OR temporal ) W/2 muscl* ) ) ) AND ( TITLE-ABS-KEY ( ultrasound OR
ultrasonic-therap* OR ultrasonograph* OR tens OR ( ( transcutaneous OR electric*OR
intramuscular ) W/3 stimulation ) OR electrostimulation OR electroanalges* OR elec-
trotherap* OR ( ( electric* OR percutaneous ) W/3 neuromodulation* ) OR ( interferen-
tial W/2 ( current OR therapy OR treatment ) ) OR microcurrent* OR russian-current OR
( burst-modulat* W/3 alternating-current* ) or pulsed-radio-frequency-energy or pulsed-
radiofrequency-energy OR biofeedback OR laser* OR photobiomodulation* OR pho-
totherap* OR shortwave OR short-wave OR electromagnetic-fields OR iontophores*
OR electrophores* OR acupuncture OR electroacupuncture OR acupressure or needling
or myofacial-release or (trigger-point* W/4 (therap* or treatment* or massage or release))
or ((manual or ischemic) W/3 compression) OR diathermy OR ice OR heat OR cold
OR cryotherap* OR cryogenic-therap* OR cryogenic-treatment* OR cryotreatment OR
cryothermy ) ) AND ( TITLE-ABS-KEY ( Clinical trial OR randomized OR placebo OR
randomly OR trial OR groups ) OR TITLE ( rct ) ) ) AND NOT ( TITLE ( rat OR rats
OR pig OR pigs OR porcine OR mouse OR mice OR rabbit* OR hamster OR hamsters
OR animal OR animals OR bovine OR sheep OR murine OR primate* OR animal OR
pain-model* ) ) AND PUBYEAR > 2003 ) AND ( EXCLUDE ( DOCTYPE, “cp” ) )

Appendix B. Description of the Orofacial Pain Diagnosis

Following the orofacial pain diagnosis included in this systematic review, it can be
defined as:

1. Orofacial pain associated with regional muscles: painful and nonpainful disorders
affecting masticatory muscles, temporomandibular joint, and contiguous structures.
These are specified according to the items below:

(a) Primary myofascial pain: Pain in jaw, temple, ear or in front of ear, modified
with jaw movement, function, or parafunction. It should present a familiar
pain in the temporal or masseter muscles and the pain can also be referred.

(b) Secondary myofascial pain: Persistent inflammation, structural changes, in-
jury, or diseases of the nervous system. This pain can be developed, become
worse or improve, according to the presumed causative disorder.

2. Orofacial pain associated with disorders of the temporomandibular joint (TMJ):
condition attributed to arthralgia in the temporomandibular joint; classified as:

(a) Primary TMJ arthralgia: Familiar pain in front of the ear, or in the ear con-
firmed by the palpation of the lateral pole or around the lateral pole, which
modified with jaw movement, function, or parafunction.

(b) Secondary TMJ arthralgia: TMJ pain related to inflammation, sensitization of
the tissues, injury diseases of the nervous system, or structural changes.
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3. Orofacial pain resembling presentations of primary headaches: pain exclusively in
the facial area resembling primary headaches but without head pain; classified as:

(a) Orofacial migraine: Unilateral pulsating pain with moderate or severe inten-
sity. It can be aggravated by routine physical activity and present association
with nausea and/or photophobia and phonophobia.

(b) Tension-type orofacial pain: Facial muscle tension that occurs during rest and
improves with voluntary muscle activity (e.g., mastication).

4. Idiopathic orofacial pain: pain without a clear causative disorder. Specified as:

(a) Burning mouth syndrome: Intraoral sensation of burning and felt superficially
in the oral mucosa, but the oral mucosa has a normal appearance.

(b) Persistent idiopathic facial pain: Facial pain dull, aching or nagging, poorly
located and without following the peripheral nerve distribution.

Appendix C. Trigger Point Therapy—Description of Techniques

The manual trigger point therapy techniques targeted in this review will be
the following:

Ischemic compression: A manual therapeutic technique used in physical therapy,
where blood is deliberately blocked in an area of the body, so that a resurgence of local
blood flow will occur upon release. (1)

Trigger point pressure release: Applying sustained pressure on a trigger point without
inducing additional ischemia in trigger point zone. The amount of pressure applied should
be enough to produce gradual relaxation of the tension within the trigger point zone,
without causing pain. (2)

Myofascial release: Myofascial release is a therapeutic method for stimulating connec-
tive tissue fibers. The treatment usually takes place locally on altered fascial structures and
involves an application of a low load and long duration stretch. Myofascial release can be
used to treat and especially decrease pain, restore optimal length of tissue and to improve
the function. (3)

Manual pressure on taut bands: Pressure, applied manually, on a myofascial trigger
point, which is defined as a hyperirritable spot, usually within a taut band of skeletal
muscle which is painful on compression. (4)

Passive stretching: A passive stretch is one where the patient is asked to assume
a position and hold it with the assistance of a therapist to stretch a determined muscle.
The stretch is held until the stretched muscle tissue starts to relax. Passive stretch re-
duces muscle tissue stiffness, most likely by signaling connective tissue remodeling via
fibroblasts (5, 6).

Manual fascial techniques: The technique involves deep manual friction over specific
points on the deep muscular fascia that are always at a distance from the actual site of
pain (7).

Manual intraoral or extraoral release: The intraoral techniques usually involve apply-
ing digital pressure (known variously as ischemic compression, pressure release, myother-
apy, or acupressure) into masticatory muscle trigger points, origins, or insertions, using
intra-oral contact points. The extraoral technique applies the same digital pressure into the
masticatory muscles but using extra-oral contact points (4).

Strain/counterstrain technique: This technique attempts to achieve the most comfort-
able position possible to relax muscle spasm by reducing abnormal afferent flow from the
muscle spindle. If a myofascial trigger point is located in a muscle, a therapist applies
gradually increasing pressure on that point until the feeling of pressure becomes a feeling
of pressure and pain. Then there is a passive change of position of the patient performed
by the therapist, until the tension under the palpating fingers and the pain reduces in
intensity (8, 9).
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Appendix E. Risk of Bias—Compiled Set of Items Table

Table A2. Summary of the compiled set of items used to evaluate the risk of bias of the studies
included in this systematic review.

Items Blanco et al.,
2006 [51]

Ibáñez
García et al.,

2009 [52]

Espejo
Antúnez et al.,

2016 [53]

Lietz et al.,
2018 [17] Total

Consensus Consensus Consensus Consensus

Inclusion and exclusion criteria clearly
defined consensus Yes Yes Yes Yes 4 100%

Study described as randomized consensus Yes Yes Yes Yes 4 100%
Method of randomization described and

appropriate consensus Yes Yes Yes Unclear 3 75%

Method of randomization concealed
Consensus Unclear Yes Yes Unclear 2 50%

Baseline comparability regarding the most
important prognostic indicators consensus Yes Yes Yes Unclear 3 75%

Study described as double-blind consensus No No No Unclear 0 0%
Method of blinding appropriate consensus Yes Yes Yes No 3 75%

Blinding investigator consensus Unclear Unclear Unclear Unclear 0 0%
Blinding of assessors’ consensus Yes Yes Yes Unclear 3 75%

Blinding of participants consensus Unclear Unclear Unclear Unclear 0 0%
Blinding of therapist consensus No No No No 0 0%

Blinding of outcomes analysis (statistician)
consensus Unclear Unclear Unclear Unclear 0 0%

Treatment protocol adequately described for
treatment group consensus Yes Yes Yes Yes 4 100%

Treatment protocol adequately described for
treatment second group consensus Yes Yes Yes Yes 4 100%

Control group adequate consensus Yes Unclear No No 1 25%
Placebo group adequate consensus No No No No 0 0%

Co-interventions avoided or comparable
consensus Unclear Unclear Unclear Unclear 0 0%

Co-interventions reported for each group
separately consensus No No No No 0 0%

Testing of subject compliance to treatment
protocol consensus Yes Unclear Yes Unclear 2 50%

Compliance acceptable in all group consensus Unclear Unclear Yes Unclear 1 25%
Description of withdraws and dropout’s

consensus No No Yes No 1 25%

Withdrawal/dropouts rate described and
acceptable consensus No No Yes Unclear 1 25%

Reasons for dropouts consensus Unclear No Yes No 1 25%
Adverse effects described consensus No No No No 0 0%

Short term follow measurement performed
consensus No No No No 0 0%

Long term follow measurement performed
consensus No No No No 0 0%

The timing of the outcome assessment was
comparable in all group’s consensus Yes Unclear Yes Unclear 2 50%

Description of outcome measures consensus Unclear Unclear Yes No 1 25%
Relevant outcomes were used consensus Yes Yes Yes Yes 4 100%
Validity reported for the main outcome

measure consensus No No No No 0 0%

Responsiveness reported for the main
outcome measure consensus No No No No 0 0%

Reliability reported for the main outcome
measure consensus Yes Yes Yes No 3 75%

Use of objective outcome measures consensus Yes Yes Yes Yes 4 100%
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Table A2. Cont.

Items Blanco et al.,
2006 [51]

Ibáñez
García et al.,

2009 [52]

Espejo
Antúnez et al.,

2016 [53]

Lietz et al.,
2018 [17] Total

Consensus Consensus Consensus Consensus

Descriptive measures identified and reported
for the primary outcome consensus Yes Yes Yes Yes 4 100%

Appropriate statistical analysis used
consensus Yes Yes Yes Yes 4 100%

Between-group statistical comparisons
reported Consensus Yes Yes Yes Yes 4 100%

Sample size calculation prior to initiation of
the study consensus No No Yes Unclear 1 25%

Adequate sample size consensus Unclear Unclear No Unclear 0 0%
Sample size described for each group

consensus Yes Yes Yes Unclear 3 75%

Intention to treat analysis used consensus Unclear Yes Unclear Unclear 1 25%
Clinical significance reported consensus Yes Yes Yes No 3 75%

Number of items accomplished/total of
applicable items 18/40 17/40 24/40 8/40

Number of items applicable 40 40 40 40
% of items accomplished 45% 42.50% 60% 20%

Risk of Bias Tool Assessment High High High High
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Abstract: Background: Most patients with temporomandibular joint (TMJ) issues are successfully
treated with nonsurgical methods. However, when end-stage TMJ pathologies occur, invasive man-
agement can be required, such as a total TMJ replacement. This cross-sectional pilot study aimed
to provide insight into the functioning of the masticatory system, pain, and patient satisfaction in
patients treated with a total joint replacement (TJR). Methods: A cross-sectional pilot study was
conducted to determine the postoperative clinical results of an alloplastic TJR TMJ. Masticatory
performance and also insight into maximum voluntary bite force (MVBF), active and passive maxi-
mum mouth opening (aMMO/pMMO), pain, and patient satisfaction were measured. Masticatory
performance, MVBF, and aMMO of patients with a TJR TMJ were compared with healthy individuals.
Results: Masticatory performance is equal between patients with a TJR TMJ and healthy individuals,
but both MVBF and aMMO were significantly smaller in patients with a TJR TMJ. However, patients
had almost no pain and were very satisfied with the TJR TMJ treatment. Conclusion: This study
revealed that most patients with an alloplastic TJR TMJ were able to function without pain, showed
good masticatory performance, and were highly satisfied with their alloplastic TJR TMJ. However,
MVBF and aMMO were lower than in healthy individuals.

Keywords: mastication; bite force; alloplastic total joint replacement; temporomandibular joint

1. Introduction

The temporomandibular joint (TMJ) is a complex articulation in the human body,
supporting functions such as mastication and mouth opening [1]. When oral functions are
impaired by issues with the TMJ, temporomandibular dysfunction (TMD) can occur [1–3].
The prevalence of TMD pain complaints in the Dutch general population ranges between
7.2 and 8.0% and is more reported in women [4,5]. In most cases, patients with TMJ
issues are successfully treated with nonsurgical methods, such as physiotherapy, splint
therapy, behavioral therapy, and pharmacological treatment [6]. However, between 3
and 5% of the population who seek help for their TMJ issues are not successfully treated
with nonsurgical methods and require invasive management [7]. When end-stage TMJ
pathologies occur, such as severe osteoarthritis, inflammatory arthrosis, fibrous and bony
ankyloses, deformities such as excessive condylar resorption, autoimmune disease, certain
congenital disorders, trauma, chronic pain, and multiple failed prior TMJ surgeries [2,8,9],
invasive management can be required by a total joint replacement (TJR) of the TMJ [10–12].
Important goals of this joint replacement are the optimization of mandibular function, such
as mastication, and a reduction in pain [13].

Surgical replacement by an alloplastic TJR TMJ has shown to significantly increase
maximum voluntary bite force (MVBF), maximum mouth opening (MMO), and masticatory
functioning and reduces pain and diet restriction due to these [2,8,14,15]. To our knowledge,
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masticatory functioning is only obtained by patient-reported outcomes (PROs) in patients
with a TJR TMJ. With such a PRO, the patient’s own perception of mastication can be
measured, which is defined as masticatory ability. However, with the mixing ability
test (MAT), mastication can be measured objectively, which is defined as masticatory
performance. This MAT assesses the comminution of a bolus by a standard number
of chewing cycles [16–20]. Measuring masticatory performance will complement the
knowledge of masticatory ability in patients with an alloplastic TJR TMJ [20,21]. Therefore,
the first aim of this cross-sectional pilot study was to provide insight into masticatory
performance, but also insight into MVBF, active MMO (aMMO), passive MMO (pMMO),
pain, patient satisfaction related to their alloplastic TJR TMJ, and masticatory ability in
patients who received an alloplastic TJR TMJ. The second aim was to compare masticatory
performance, MVBF, and aMMO between patients who received an alloplastic TJR TMJ
and matched healthy individuals.

2. Materials and Methods

A cross-sectional pilot study was conducted to determine the postoperative clinical
results of an alloplastic TJR TMJ. Patients who received an alloplastic TJR TMJ during the
period January 2013 to April 2018 at the Jeroen Bosch Hospital (‘s-Hertogenbosch; The
Netherlands) were contacted for recruitment and examination. In- and exclusion criteria for
patients are depicted in Table 1. All patients received a letter by email including information
about the study. Within 2 weeks, the patients were contacted by telephone to ask whether
they were willing to participate in this study and to provide more information about the
study when needed. Patients who were willing to participate were invited to Jeroen Bosch
Hospital for screening. Approval was obtained from the Medical Ethics Committee Brabant
(file no. NL65072.028.18).

Table 1. In- and exclusion criteria for patients treated with a TMJ TJR.

Inclusion Criteria Exclusion Criteria

Unilateral or bilateral stock total TMJ reconstruction Edentulous and had no denture prosthesis

Minimal 3 months postsurgery TJR TMJ surgery-related complication

Not able to speak or understand Dutch or English

TMJ: temporomandibular joint; TJR: temporomandibular joint replacement. Surgical and postsurgical procedures.

We matched the included patients in this study with healthy individuals on age,
gender, and dental state. These healthy individuals had no temporomandibular deficits
and were part of a former study in which the mixing ability test (MAT) was validated [18].
Approval was obtained from the Medical Ethics Committee of the University Medical
Center Utrecht (file no. NL12006.041.06). All participants received a written and verbal
explanation of the study. Written informed consent was obtained from each participating
subject before starting the study.

The alloplastic TJR TMJ involves the reconstruction of both the mandibular condyle
and temporal bone fossa, such as a ball and socket similar to the hip prosthesis. This
includes a resection of the diseased joint, detachment of several masticatory muscles, and
replacement with one of these alloplastic TMJ devices [22,23]. Indications for an alloplastic
TJR TMJ combined with one of the end-stage pathologies are ongoing intermittent pain,
more than 5 cm on a visual analog scale (VAS) (no pain = 0 cm, severe pain = 10 cm), a
restricted mouth opening (<35 mm), low dietary scores (VAS < 5 cm, liquid score = 0 cm,
full diet score = 10 cm), and/or occlusal collapse [8]. For the alloplastic TJR TMJ, the Stock
Biomet microfixation system (Jacksonville, FL, USA) was used in patients treated in the
Jeroen Bosch Hospital. The surgical approach in each patient was through a preauricular
and submandibular/retromandibular incision. Both the native mandibular condyle and
the coronoid process were removed with loss of attachment of the temporal and lateral
pterygoid muscle. The masseter muscle was stripped at its aponeurotic insertion and recon-
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structed again at closing. The alloplastic fossa component was attached to the zygomatic
arch, and the mandibular component was attached to the ramus of the mandible. After
the reconstruction was completed, patients were allowed to function immediately. This
included the freedom to choose any diet.

2.1. Measurements

Age, gender, dental state, preoperative variables (TMJ diagnosis, number of prior
TMJ surgeries), operative variables (number, side, time since surgery), and postoperative
reports, including postsurgical complications, were collected and taken from the clinical
records of the included patients. Masticatory performance, MVBF, active MMO (aMMO),
passive MMO (pMMO), pain, patient satisfaction related to their alloplastic TJR TMJ, and
masticatory ability were measured in these patients. Of the healthy individuals in this study,
age, gender, dental state, masticatory performance, MVBF, and aMMO were collected.

For the objective measurements, the participants were asked to keep their buttocks
and lower back against the back of the chair and their knees flexed in a 90-degree flexion,
with their feet flat on the floor and no armrest. Their head was kept in a neutral position;
the head was considered neutral if the tragus of the ear was in line with the shoulder. To
maintain this head position, the participants were asked to focus on a point directly in front
of them.

2.2. Masticatory Performance

Masticatory performance was measured by the mixing ability test (MAT). The MAT is a
valid and reliable test for masticatory performance and is highly suitable when masticatory
performance is compromised [16–20]. This test evaluates the capacity of the participants
to mix and knead a food bolus after a fixed number of chewing cycles. The tablet consists
of two layers of red and blue wax (plasticine modeling wax, nontoxic DIN EN-71, art. no.
crimson 52801 and blue 52809, Stockmar, Kalten Kirchen, Germany). The diameter of the
tablet is 20 mm. Both layers of red and blue wax are 3 mm thick. When the tablet is chewed
on, the colors mix; when the tablet is not chewed on, the colors do not mix, and the intensity
of both colors is maximal. The measure of mixing is the spread of the color intensities of
both sides.

The wax tablets were offered at room temperature (20◦). Each participant masticated
twenty times on the tablet. After the participants masticated twenty times on the tablet,
the tablet was washed and dried. The chewed tablets were flattened, and both sides were
photographed using a high-quality scanner (Epson V750, Long Beach, CA, USA). After that,
the spread of the color intensity was measured by computer analysis of the digital images
using Photoshop CS3 (Adobe, San Jose, CA, USA). The spread of the color intensities of both
images was used as a measure of mixing. This is termed the mixing ability index (MAI). A
lower MAI score represents a better-mixed tablet and, thus, better masticatory performance.

2.3. Maximum Voluntary Bite Force

MVBF was measured with the unilateral strain-gauge bite force transducer. It has been
documented that both unilateral and bilateral bite force transducers can be used as valid
and reliable measures [24,25]. The reliability of the results has been reported to depend
on the position of the transducer within the dental arch. It has been documented that
MVBF recorded posteriorly, both unilateral and bilateral, were notably higher than those
recorded anteriorly [26]. Therefore, in this study, MVBF was recorded with the strain-gauge
mouthpiece placed on the first molar region. The design consists of a unilateral strain
gauge mounted on a mouthpiece. It has a surface area of 100 mm2 and a vertical height of
2.8 mm.

To build confidence, the participants were allowed to become familiar with the force
transducer by producing several test bites without producing their maximum force. The
strain-gauge mouthpiece was placed on the first molar region. The mouthpiece was
protected from humidity with a plastic film. After several test bites, the participants were
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asked to bite as hard as possible for a few seconds. The participants clenched twice on the
left side of the jaw and twice on the right side of the jaw with an interval of 10 s in between.
The mean of the highest bite force of the left side and the highest bite force of the right side
was the MVBF used in this study.

2.4. Maximum Mouth Opening

To measure aMMO, participants who routinely used a dental prosthesis were in-
structed to wear their prosthesis during the measurements. Then, participants were asked
to open their mouth as wide as possible to measure aMMO. In patients with an alloplastic
TMJ TJR, at first, the overbite of participants was measured. After that, these patients were
asked to open their mouth as wide as possible whilst maintaining the head position, and
then the distance between the interincisors was measured from the upper right central
incisor to the lower right central incisor.

To measure pMMO in patients, the examiner gave a slight overpressure on the edges of
the upper and lower front teeth. Then, the distance between the interincisors was measured
from the upper right central incisor to the lower right central incisor. The interincisal
distance plus the vertical overbite was used in this study to determine the MMO.

In healthy individuals, aMMO was measured extraorally [27]. Two fixed points were
marked with a pencil; one point was on the lower side of the chin, and the other was on the
tip of the nose. The distance between the two points was measured using a digital slide
gauge with the mouth at rest and at its maximum open position. For the resting position
measurement, patients were instructed to close their mouth without their teeth making
contact. For the maximum open position measurement, patients were instructed to open
their mouth as wide as possible.

Each MMO measurement in patients and healthy individuals was performed twice,
and the highest outcome was used in the subsequent analyses. Both ways of measuring
MMO are reliable and do not differ in their result [28].

2.5. Masticatory Ability

To evaluate patients’ masticatory ability, the Dutch version of the Mandibular Func-
tion Impairment Questionnaire (MFIQ) was used [29]. This PRO of mandibular function
focuses on limitations in chewing various foods, drinking, yawning, impairment of nor-
mal activities, and speech. The Dutch MFIQ has 17 items assessing perceived difficulties
in mandibular functioning; each item presents a 5-point Likert scale on which patients
can indicate the experienced level of difficulty while performing particular mandibular
movements or tasks (e.g., speech, daily activities, drinking, laughing, yawning, eating
different types of food). The scores are: 0 = no difficulty, 1 = a little difficulty, 2 = quite
a bit of difficulty, 3 = much difficulty, and 4 = very difficult or impossible without help.
A total score ranging from 0 to 68 is possible, where 0 indicates no mandibular function
impairment and 68 a poor functional outcome and very great difficulty.

2.6. Pain

Pain was in this study measured by a visual analog scale (VASpain) [30,31] consisting
of a horizontal line, with ‘no pain’ (0 cm) on the left end, and on the right end ‘worst pain
imaginable’ (10 cm), indicating no pain (0–0.4 cm), mild pain (0.5–4.4 cm), moderate pain
(4.5–7.4 cm), and severe pain (7.5–10 cm) [32]. Patients were asked to fill in a VASpain related
to perceived pain during the last week before further measurements took place. Patients
also filled in a VASpain after each measurement (i.e., MAT, MVBF, aMMO, and pMMO).

2.7. Patient Satisfaction

VASsatisfaction was used to measure present satisfaction with the alloplastic TJR TMJ [33]
consisting of a horizontal line, with ‘no satisfaction’ (0 cm) on the left end and on the right
end, ‘extreme satisfaction’ (10 cm).
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2.8. Statistical Analysis

The presentation of results is primarily descriptive, with frequency and percentages
for categorical data, means and standard deviations (SDs) for continuous data, and medians
and interquartile ranges (IQRs) for ordinal and non-normally distributed continuous data.

Differences between the alloplastic TMJ TJR group and the healthy group were an-
alyzed by Fisher’s exact test for categorical data, the independent t-test for continuous
data, and the Mann–Whitney U test when continuous data were non-normally distributed.
Statistical analyses were regarded as significant if the p-value was equal to or lower than
0.05. Data were evaluated using SPSS (IBM version 27.0).

3. Results

In total, 15 patients were treated with an alloplastic TMJ TJR in the period from
January 2013 to April 2018 at the Jeroen Bosch Hospital. However, one patient was in
hospital for a different disease, one patient was not able to speak or understand Dutch or
English, and one patient was not willing to participate. Therefore, 12 patients (10 women)
were included in this study after TMJ TJR with a unilateral Biomet Microfixation stock
prosthesis (Inc., Jacksonville, FL, USA). The mean age at the time of the measurements
was 61.69 years (±6.77), and the mean time after surgery on the day the measurements
took place was 2.54 years (±1.26). Four patients had their natural teeth, two patients had
implant-retained overdentures in the upper and lower jaw, and three patients had complete
dentures (Table 2). The patients had an MAI of 19.56 (±2.45), an MVBF of 201.04 (±159.72),
an aMMO of 42.50 (±7.93), a pMMO of 44.50 (±6.72), and an MFIQ outcome of 33.42
(±15.72), as depicted in Table 3.

Table 2. Demographic and clinical characteristics of patients treated with a TMJ TJR and matched
healthy individuals.

Patient
Number Sex

Age at
Measure-

ment
Moment
(Years)

Time
after

Surgery
(Years)

Dental State Diagnoses TJR
Side

Prior
TMJ

Surgery
at TJR
Side

Healthy
Individ-

ual
Number

Sex

Age at
Measure-

ment
Moment
(Years)

Dental State

1 Female 59.79 2.30 Natural
dentition Arthrosis Left 0 1 Female 58.35 Natural

dentition

2 Male 70.34 2.66

Implant-retained
overdenture in

upper and
lower jaw

Arthrosis Right 1 2 Male 68.98

Implant-retained
overdenture in
lower jaw and

natural dentition
in upper jaw

3 Female 71.90 2.12 Complete
denture Arthrosis Left 0 3 Female 61.74 Complete

denture

4 Female 59.76 2.43 Natural
dentition

Condylar
resorption Right 1 4 Female 55.96 Natural

dentition

5 Female 60.58 2.84

Implant-retained
overdenture in

upper and
lower jaw

Ankyloses Right 0 5 Female 60.03

Implant-retained
overdenture in
lower jaw and

natural dentition
in upper jaw

6 Female 56.96 0.52 Complete
denture Osteoarthritis Left 0 6 Female 56.62 Complete

denture

7 Female 50.68 3.63 Natural
dentition Arthrosis Right 1 7 Female 50.56 Natural

dentition

8 Female 51.12 3.82 Natural
dentition Arthrosis Right 1 8 Female 50.89 Natural

dentition

9 Female 67.18 0.39 Natural
dentition Osteoarthritis Right 1 9 Female 64.66 Natural

dentition

10 Male 66.55 4.27 Complete
denture Osteoarthritis Left 0 10 Male 69.05 Complete

denture

11 Female 64.37 1.68 Complete
denture Osteoarthritis Left 1 11 Female 61.48 Complete

denture

12 Female 61.01 3.86 Natural
dentition Ankyloses Right 0 12 Female 61.83 Natural

dentition

TMJ: temporomandibular joint; TJR, temporomandibular joint replacement.
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The Shapiro–Wilk test showed that all VASpain and VASsatisfaction outcomes in patients
were not normally distributed. VASpain during last week, pain during MAT, pain during
MVBF, and pain during aMMO had a median of 0.00, indicating that the patients had no
pain. Patients’ pain during pMMO had a median of 1.75, indicating mild pain. Patients
were very satisfied with their TMJ TJR (Table 3).

A total of 12 matched healthy individuals (10 women) aged 60 (±6.0) years were
included in this study. Four healthy individuals had their natural teeth, two healthy
individuals had implant-retained overdentures in the lower jaw and natural teeth in the
upper jaw, and three healthy individuals had complete dentures (Table 2). The healthy
individuals had an MAI of 18.21 (±1.89), MVBF of 463.88 (±301.16), and aMMO of 51.79
(±6.96), as depicted in Table 3.

Table 3. Comparison of characteristics and outcomes of patients treated with an alloplastic total
temporomandibular joint prostheses and healthy individuals.

Patients with TMJ TJR
N = 12)

Healthy Individuals
(N = 12) p-Value

Sex (N (%)) 1.000 ‡

Female 10 (83%) 10 (83%)
Male 2 (17%) 2 (17%)

Age (years) (mean (SD)) 61.69 (6.77) 60.01 (6.00) 0.528 †

Time after surgery (mean (SD)) 2.54 (1.26) - -
Prior TMJ surgery at TJR side -

Yes 6 (50%) -
No 6 (50%) -

Dental state (N (%)) 0.456 ‡

Natural dentition 6 (50%) 6 (50%)
Implant-retained overdenture in lower jaw and natural dentition in

upper jaw 0 (0%) 2 (17%)

Implant-retained overdenture in lower and upper jaw 2 (17%) 0 (0%)
Complete denture 4 (33%) 4 (33%)

Mixing ability index (mean (SD)) 19.56 (2.45) 18.21 (1.89) 0.145 †

Maximum voluntary bite force (mean (SD)) 201.04 (159.7) 463.88 (301.16) 0.014 *†

Active maximum mouth opening (mean (SD)) 42.50 (7.93) 51.79 (6.96) 0.006 **†

Passive maximum mouth opening (mean (SD)) 44.50 (6.72) - -
Pain during last week (median (IQR)) 0.00 (0.00–0.23) - -
Pain during mastication of Mixing Ability Test (median (IQR)) 0.00 (0.00–0.30) - -
Pain during maximum bite force at the non-operative site (median (IQR)) 0.00 (0.00–0.00) - -
Pain during maximum bite force at the operative site (median (IQR)) 0.00 (0.00–2.85) - -
Pain during active maximum mouth opening (median (IQR)) 0.00 (0.00–3.53) - -
Pain during passive maximum mouth opening (median (IQR)) 1.75 (0.00–3.53) - -
Satisfaction (median (IQR)) 10.00 (9.80–10.00) - -
Mandibular Functional Index Questionnaire; total (mean (SD)) 33.42 (15.72) - -

1. Social activities (median (IQR)) 0.00 (0.00–1.00) - -

2. Speaking (median (IQR)) 0.00 (0.00–1.00) - -

3. Biting something big (median (IQR)) 1.00 (0.00–3.75) - -

4. Eating hard food (median (IQR)) 1.00 (0.00–2.00) - -

5. Eating soft food (median (IQR)) 0.00 (0.00–0.00) - -

6. Daily activities (median (IQR)) 0.00 (0.00–0.75) - -

7. Drinking (median (IQR)) 0.00 (0.00–0.00) - -

8. Laughing (median (IQR)) 0.00 (0.00–0.00) - -

9. Chewing resistant food (median (IQR)) 1.50 (0.00–3.75) - -

10. Yawning (median (IQR)) 1.00 (0.00–1.75) - -

11. Kissing (median (IQR)) 0.00 (0.00–0.00) - -

12. Eating hard cookies (median (IQR)) 0.50 (0.00–1.00) - -

13. Eating meat (median (IQR)) 0.50 (0.00–1.00) - -

14. Eating raw carrot (median (IQR)) 1.50 (0.00–4.00) - -

15. Eating French bread (median (IQR)) 0.50 (0.00–2.75) - -

16. Eating peanuts (median (IQR)) 0.50 (0.00–3.75) - -

17. Eating whole apple (median (IQR)) 1.50 (0.00–4.00) - -

*, p < 0.05; **, p < 0.01; ‡, Fisher’s exact test; †, independent t-test; IQR, interquartile range; SD, standard deviation;
TMJ, temporomandibular joint; TJR, temporomandibular joint replacement.
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Statistical comparison of patients with an alloplastic TMJ TJR and healthy individuals
showed that patients with an alloplastic TMJ TJR had a significantly lower MVBF (p = 0.014)
and aMMO (p = 0.006) compared with healthy individuals. There was no significant
difference in MAI (p = 0.145) between patients with an alloplastic TMJ TJR and healthy
individuals. Individual outcomes for MAI, MVBF, and aMMO can be found in Figure 1 for
both patients with an alloplastic TMJ TJR and healthy individuals.

Life 2022, 12, 2073 7 of 11 
 

 

Maximum voluntary bite force (mean (SD)) 201.04 (159.7) 463.88 (301.16) 0.014 *† 
Active maximum mouth opening (mean (SD)) 42.50 (7.93) 51.79 (6.96) 0.006 **† 
Passive maximum mouth opening (mean (SD)) 44.50 (6.72) - - 
Pain during last week (median (IQR)) 0.00 (0.00–0.23) - - 
Pain during mastication of Mixing Ability Test (median (IQR)) 0.00 (0.00–0.30) - - 
Pain during maximum bite force at the non-operative site (median (IQR)) 0.00 (0.00–0.00) - - 
Pain during maximum bite force at the operative site (median (IQR)) 0.00 (0.00–2.85) - - 
Pain during active maximum mouth opening (median (IQR)) 0.00 (0.00–3.53) - - 
Pain during passive maximum mouth opening (median (IQR)) 1.75 (0.00–3.53) - - 
Satisfaction (median (IQR)) 10.00 (9.80–10.00) - - 
Mandibular Functional Index Questionnaire; total (mean (SD)) 33.42 (15.72) - - 
1. Social activities (median (IQR)) 0.00 (0.00–1.00) - - 
2. Speaking (median (IQR)) 0.00 (0.00–1.00) - - 
3. Biting something big (median (IQR)) 1.00 (0.00–3.75) - - 
4. Eating hard food (median (IQR)) 1.00 (0.00–2.00) - - 
5. Eating soft food (median (IQR)) 0.00 (0.00–0.00) - - 
6. Daily activities (median (IQR)) 0.00 (0.00–0.75) - - 
7. Drinking (median (IQR)) 0.00 (0.00–0.00) - - 
8. Laughing (median (IQR)) 0.00 (0.00–0.00) - - 
9. Chewing resistant food (median (IQR)) 1.50 (0.00–3.75) - - 
10. Yawning (median (IQR)) 1.00 (0.00–1.75) - - 
11. Kissing (median (IQR)) 0.00 (0.00–0.00) - - 
12. Eating hard cookies (median (IQR)) 0.50 (0.00–1.00) - - 
13. Eating meat (median (IQR)) 0.50 (0.00–1.00) - - 
14. Eating raw carrot (median (IQR)) 1.50 (0.00–4.00) - - 
15. Eating French bread (median (IQR)) 0.50 (0.00–2.75) - - 
16. Eating peanuts (median (IQR)) 0.50 (0.00–3.75) - - 
17. Eating whole apple (median (IQR)) 1.50 (0.00–4.00) - - 

*, p < 0.05; **, p < 0.01; ‡, Fisher’s exact test; †, independent t-test; IQR, interquartile range; SD, stand-
ard deviation; TMJ, temporomandibular joint; TJR, temporomandibular joint replacement. 

 
Figure 1. Individual outcomes of patients and healthy individuals: P1, patient 1 of Table 2; H2, 
healthy individual 2 of Table 2; MAI, mixing ability index; MVBF/10, maximum voluntary bite force 
divided by 10; aMMO: active maximum mouth opening. 

4. Discussion 
The masticatory performance in patients with a TJR TMJ showed to be equal to the 

healthy individuals matched on age and dental state. However, maximum voluntary bite 
force and active maximum mouth opening were significantly lower. Looking at MFIQ 
masticatory outcomes, patients with a TJR TMJ experienced limitations with eating hard 

0

20

40

60

80

100

120

P1 H1 P2 H2 P3 H3 P4 H4 P5 H5 P6 H6 P7 H7 P8 H8 P9 H9 P10 H10 P11 H11 P12 H12

MAI MVBF/10 aMMO

Figure 1. Individual outcomes of patients and healthy individuals: P1, patient 1 of Table 2; H2,
healthy individual 2 of Table 2; MAI, mixing ability index; MVBF/10, maximum voluntary bite force
divided by 10; aMMO: active maximum mouth opening.

4. Discussion

The masticatory performance in patients with a TJR TMJ showed to be equal to the
healthy individuals matched on age and dental state. However, maximum voluntary bite
force and active maximum mouth opening were significantly lower. Looking at MFIQ
masticatory outcomes, patients with a TJR TMJ experienced limitations with eating hard
and tough food and biting something big; however, these deficits were still very little
(median: 0.5–1.5). These masticatory ability outcomes are comparable with the masticatory
ability found in patients with a TJR TMJ in two other observational studies [34,35].

In this study, MVBF was significantly lower in patients with TMJ TJR than in healthy
individuals. A possible explanation could be that removal of the temporal and lateral
pterygoid muscle leads to a loss in muscle action and neuromuscular control. Moreover,
the masseter muscle is stripped at its aponeurotic insertion; even though this muscle is
reconstructed at closing, it still has an impact on power and neuromuscular control [13,36].
An additional explanation could be the lack of a postoperative rehabilitation protocol.
The patients in this study had no physiotherapeutic support after the replacement of an
alloplastic TJR TMJ. However, it has been reported in the literature that functions are not
optimized after the replacement of an alloplastic TJR TMJ when patients do not follow a re-
habilitation protocol [37]. While there is growing interest in this surgical intervention, there
is still a paucity of data about postoperative protocols for physiotherapy and functional
rehabilitation in patients with an alloplastic TJR TMJ. It has been stated that by the year
2030, there will be an increasing demand for the use of TJR TMJ prostheses in the United
States of America [38]. In addition, in Europe, there is an increasing demand for the use
of TJR TMJ prostheses [39]. Future research into the influence of rehabilitation interven-
tions in patients with an alloplastic TJR TMJ, such as orofacial physiotherapy, is crucial
since important goals of this surgery include functional improvement in the masticatory
system [13]. Furthermore, we observed great interindividual differences in MVBF. In a
prospective study, substantial interindividual differences were also observed in MVBF in
patients with an alloplastic TJR TMJ [13]. An attempt to explain this wide interindividual
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variance is the voluntary influence of the measurement. The willingness and courage to
bite as hard as possible are known to be influenced by the mental attitude of the patient
and also by the comfort of the patient’s teeth [1,14].

aMMO was also significantly lower in patients with a TJR TMJ than in healthy individ-
uals. Patients with a TJR TMJ experienced only a little restriction with yawning. Thereby,
the patient results showed an aMMO ranging from 33 to 58 mm and a pMMO ranging from
35 to 59 mm, which demonstrates that these patients had a satisfactory mandibular range of
motion. In most other studies, lower MMO results were found postoperatively [35,40–52].
Only one prospective cohort study showed similar MMO results at the 12-month follow-up
and thereafter [53]. This difference cannot be explained by the use of the Biomet prosthesis
because the MMO results of other studies using the Biomet found lower as well as equal
MMO results [35,43,51,53].

Our study demonstrated that pain scores in most patients were very low. These
findings are consistent with the findings of previous studies [15,47,54]. Another interesting
observation is that in our study, patients reported being extremely satisfied with their
alloplastic TJR TMJ. In previous studies, patients also reported being satisfied with their
TJR TMJ, but were, on average, not as highly satisfied compared with the patient-reported
outcomes in our study [55,56]. In an 8-year longitudinal follow-up study, it was reported
that patient satisfaction was positive even when pain and poor mandibular function were
reported in these patients. They assumed that the effort made to inform patients what to
expect had contributed to treatment satisfaction [56]. In our study, one patient reported
experiencing moderate pain during all measurements and during the last week. This
patient also scored the lowest on the satisfaction rating scale. Therefore, in our study, the
patients were extremely satisfied even when MVBF was impaired because they reported
experiencing almost no pain, and the most important reason patients first seek treatment is
TMJ pain [57].

The strength of this study is that, to our knowledge, no other studies have reported
on masticatory performance in patients treated with an alloplastic TJR TMJ. Therefore,
this study may add knowledge about masticatory functioning in patients with a TJR TMJ.
Thereby, this study contributes to a better understanding of the results after replacing the
temporomandibular joint. However, limitations also need to be taken into consideration. A
limitation of this study is the limited number of participants. In addition, the findings are
based on postoperative measurements and cannot be compared with preoperative findings.
Despite these limitations, the findings of this study can provide a basis for future research
into measuring the masticatory functioning outcomes of this surgical option in a larger
number of patients.

In conclusion, this study revealed that most patients with an alloplastic TJR TMJ were
able to function without pain, showed good masticatory performance, and were highly
satisfied with their alloplastic TJR TMJ. However, MVBF and aMMO were lower than
in healthy individuals. Despite the fact that the success of alloplastic TJR TMJ has been
established in the literature, research has to be continued to optimize rehabilitation care in
patients with an alloplastic TJR TMJ.
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Abstract: This study aimed to identify professional factors associated with case resolution without a
referral of orofacial pain to secondary health care by Brazilian Primary Health Care (PHC) practition-
ers who demanded asynchronous teleconsulting, stratified by year, in 2019 and 2020 (the COVID-19
Pandemic burst). A cross-sectional study employed secondary databases from asynchronous tele-
consulting Telehealth Brazil Networks from January 2019 to December 2020. The outcome was the
dichotomous variable “If referral to secondary care was avoided.” As covariates: sex, healthcare
professions, and category of orofacial pain doubts. A negative binomial regression model estimated
each covariate’s unadjusted and adjusted PR (95%CI) and p values, stratified for 2019 and 2020. There
was a difference in descriptive factors associated with case resolution without a referral from 2019
to 2020. Females prevailed in both years, and the total demand decreased to a third from 2019 to
2020. The rate of resoluteness decreased by 19.1%. In 2019, nurses (PR = 0.69 CI 95% 0.57–0.83) and
other professionals (PR = 0.84 CI 95% 0.73–0.97) showed less frequency of case resolution without a
referral than did general dentists. In 2020, oral-cavity-related doubts (PR = 1.18 CI 95% 1.06–1.32)
and temporomandibular disorders (PR = 1.33 95% 1.15–1.54) surpassed other causes of orofacial pain
in case resolution without a referral, and female professionals avoided referrals more frequently than
men (PR = 1.24 CI 95% 1.21–1.38). In conclusion, in 2019, oral cavity doubts and the PHC profession
influenced the case resolution. Female professionals and oral cavity doubts scored the higher case
resolution without a referral for the service in 2020.

Keywords: facial pain; telemedicine; community dentistry; public health dentistry; COVID-19

1. Introduction

The Brazilian National Health System (SUS) is a universal-equity-based public sys-
tem. The system provides satisfactory health services and privileges primary care in an
unequal and complex society [1]. In primary health care (PHC) units, the main objective is
the service resolution without an unnecessary referral, in compliance with international
statements that underlie the relevant role of primary health care in pursuing integration,
comprehensiveness, and social justice in health [2]. This is also the primary resoluteness
followed by the Brazilian telehealth program [1]. In addition, telehealth resources can be
essential for disseminating knowledge on and elucidating orofacial pain issues in PHC
settings. However, little is known about what determines the resolutive capacity of PHC
concerning orofacial pain and TMD issues.

Telehealth uses information technology to enhance health care in distant locations. Due
to its low cost and functional characteristics, telehealth can lower the inequalities in health
services, reaching poorer groups within an adequate time [3]. Telehealth technology, a term
that expands the scope beyond the medical area, represents an important tool available to
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primary care professionals, solving their doubts and increasing the service’s resoluteness.
This resource is paramount, especially in a country with a continental dimension and a
heterogeneous health infrastructure distribution, as is the case in Brazil [1]. Expanded to
the entire Brazilian territory, covering all five great Brazilian regions (North, Northeast,
Midwest, South, and Southeast), the telehealth initiative of the Brazilian Ministry of Health
had its activity guidelines defined in 2015 [4]. One of the Program’s strategies is telecon-
sulting, which consists of bidirectional communication between PHC professionals and
teleconsultants (experts in a specific area) for assistance or advanced information on clinical
care, health promotion actions, or work process. Teleconsulting is offered by telehealth
centers and takes place via synchronous messaging, videoconferences, or asynchronous
messages that must be answered within 72 h [5,6]. The primary program goal is to support
PHC professionals by offering relevant second opinions. It delivers quick and valuable
answers to their questions. This feature enabled a 45% reduction in referrals in some
country regions through teleconsulting actions [7].

By contrast, orofacial pain, a broad term encompassing symptoms in the head and
neck region, is a frequent form of pain perceived in the face and oral cavity. It may be
caused by diseases or disorders of regional structures, nervous system dysfunction, or
pain stemming from distant sources [8]. The temporomandibular disorder (TMD), in
which painful presentation is a subgroup of orofacial pain, is recognized as a condition of
pain or musculoskeletal dysfunction that affects the face in its masticatory structures and
encompasses a group of changes involving the temporomandibular joints (TMJ) [9]. It is
registered as the primary cause of non-dental pain in the orofacial region and is its most
prevalent chronic pain [10]. TMD is defined worldwide as a public health problem [11] in
a matrix of multiple possible etiologic factors and interdisciplinary demands [12]. Given
its prevalence and relevance in dental practice, knowledge concerning current orofacial
pain and temporomandibular disorders in public health services and undergraduate or
graduate programs is being debated worldwide [13].

Furthermore, previous evaluation studies with different outcomes have shown that
well-structured human resources and management factors have been associated with better
performance in Brazilian PHC [14,15]. These topics underline the importance of good
health policy initiatives to improve human resources and management in qualified primary
care. Hence, spreading and implementing the orofacial pain service in private or public
health systems can improve dental practice, providing relief for a series of conditions and
avoiding iatrogenic actions or incorrect references.

Therefore, assessing variables of telehealth demands and resolution figures available
from the year before the outbreak of the COVID-19 Pandemic and the dissemination of
the disease in 2020 is one way to measure and analyze its advantages, shortcomings, and
trends over a critical public health period. Accordingly, this study investigated professional
factors associated with case resolution without a referral of orofacial pain to secondary
health care by Brazilian Primary Health Care (PHC) practitioners who demanded asyn-
chronous teleconsulting, the service dedicated to solving PHC professionals’ doubts about
diagnoses issues or work processes, stratified by year, in 2019 and 2020 (the COVID-19
Pandemic burst).

2. Materials and Methods

The study used secondary databases from the asynchronous teleconsulting Telehealth
Brazil Networks Program from January 2019 to December 2020. The data source was the
national database of the Telehealth Results Monitoring and Evaluation System (SMART,
the acronym in Portuguese), developed in 2014, provided by the Telehealth Centers that
are part of the Telehealth Brazil Networks Program [16]. The telehealth centers were
implemented in public universities in 25 out of 26 states in the five Brazilian regions [17].
Duplicate data, incomplete information, or data covering issues other than orofacial pain
were excluded. The appropriate University Research Ethics Committee provided ethics
approval.
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The dichotomous variable “If referral to secondary care was avoided” was the out-
come, representing the resolvability of the teleconsulting program. Sex, PHC professional
category, and doubts related to orofacial pain were the covariates. Sex was dichotomized
in males and females. The categories of PHC practitioners were divided into six groups,
according to their relationship with orofacial pain treatment [18] and frequency of appear-
ance in the database, as follows: General Dentists, Specialized Dentists, General Physi-
cians, Specialized Physicians, Nurses, and Others. The “others” embraces administrative
staff, auditor-dentists, dental assistants, community health agents, radiology technicians,
biomedical, resident physicians, speech therapists, clinical psychologists, physical thera-
pists, pharmacists, occupational therapists, or uninformed.

SMART registered teleconsulting data according to the International Classification of
Diseases 10 Version: 2019 (ICD-10) [19] and the International Classification of Primary Care,
second edition (ICPC-2) [20]. The last one deals with the reasons for demands beyond the
apparent diseases, allowing a better understanding of PHC user problems and perceptions.
It is a complementary tool to the traditional ICD and has been gradually recognized as an
appropriate classification for family medicine and primary care [21].

The screening of orofacial pain/TMD doubts was based on the American Academy
of Orofacial Pain criteria for this study’s purposes [22]. After that, the category of doubts
gave rise to three groups based on the proximity to the traditional clinical dental practice,
coherent with a current orofacial pain international classification (ICOP) [23] highlighting
oral cavity-related pain conditions and temporomandibular disorders. Apart from then, a
group for “other conditions in the head and neck” represented the demands that, although
referring to the structure of the head/neck, are generally related to other distinct medical
specialties, such as headaches and sinusitis, and may hinder or overlap in the oral cavity-
related pain or TMD diagnosis.

The three demand groups are described in Figure 1.
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A descriptive analysis of the data was carried out, using frequency, with data stratifica-
tion by year of demand (2019 or 2020), for sex and category of the primary care professional,
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and demands/doubts for orofacial pain. The regression models estimated the prevalence
ratios (PR) and the corresponding 95% confidence interval. Initially, it uses unadjusted and
adjusted negative binomial regression models to estimate PR (95%CI) and p values for each
of the three covariates. Any covariate with a p-value less than 0.25 was a candidate to be
tested in the final negative binomial regression model. Only covariates with a p-value less
than 0.05 were maintained in the final model [24]. The final model fit was evaluated using
a ratio between the residual deviation and the degree of freedom and the chi-square test
of the results of the residual deviation. All analyzes were performed in SPSS version 22.0
(SPSS, Chicago, IL, USA).

3. Results

From 10,340 orofacial pain teleconsulting stemming from the original 2019/2020
bank data, 7042 were duplicated or incomplete and excluded. The remaining 3298 were
reassessed for compliance with the eligibility criteria, and 669 were discarded. Finally, 2629
integrated the analysis: 1982 referring to 2019 (75.4%) and 647 to 2020 (24.6%) (Figure 2).
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From these last, in 2019, 1522 (76.8%) avoided referral to secondary care, and in
2020, 373 (57.7%) did so, representing a reduction of 19.1%. For 2020, 403 (62.3%) PHC
professionals were females, increasing the prior frequency of 55.3% for women. Physicians
were the most frequent professional category in 2019, and dentists in 2020. Regarding
doubts recorded in teleconsulting (ICD/ICPC), the “other” group was the most frequent in
2019 (67.1%), and the oral cavity-related pain conditions group in 2020 (65.5%). Despite
the relative growth, general physicians, nurses, “others,” and the G2 (TMD) diagnostic
category still represented a minor fraction in 2020 (Table 1).
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Table 1. Description of the characteristics of telehealth for orofacial pain in the Unified Health System,
Brazil, 2019 and 2020.

Variable
2019 (N = 1982)

Frequency
N (%)

2020 (N = 647)
Frequency

N (%)

If avoided the referral to
secondary care
No 460 (23.2) 274 (42.3)
Yes 1522 (76.8) 373 (57.7)

Sex of PHC * professional
Female 1096 (55.3) 403 (62.3)
Male 886 (44.7) 244 (37.7)

PHC * profession
General dentist 171 (8.6) 149 (23.0)
Specialized dentist 332 (16.8) 220 (34.0)
General physician 16 (0.8) 14 (2.2)
Specialized physician 1284 (64.8) 135 (20.9)
Nurse 91 (4.6) 46 (7.1)
Others 88 (4.4) 83 (12.8)

Demands/Doubts
Group 1 619 (31.2) 424 (65.5)
Group 2 33 (1.7) 27 (4.2)
Group 3 1330 (67.1) 196 (30.3)

* Primary Health Care.

In 2019, nurses (PR = 0.69 CI 95% 0.57–0.83) and “other professionals” (PR = 0.84
CI 95% 0.73–0.97) showed less frequency of avoiding referral of orofacial pain cases to
secondary healthcare than general dentists. When the doubts were related to oral cavity
pain conditions (G1), there was a lower frequency of avoiding referral (PR = 0.85 CI 95%
0.77–0.94) than other causes of orofacial pain (G3). In 2020, female professionals avoided
referrals more frequently than men (PR = 1.24 CI 95% 1.12–1.38). Oral cavity-related pain
conditions (G1) doubts (PR = 1.18 CI 95% 1.06–1.32) and temporomandibular disorders
(G2) (PR = 1.33 CI 95% 1.15–1.54) surpassed referral avoidance to secondary care than other
cases of orofacial pain (G3) (Table 2).
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Table 2. Factors associated with avoiding orofacial pain referral to secondary healthcare in the Unified
Health System, Brazil, 2019 and 2020 telehealth.

Variables 2019 2020

Unadjusted
PR
(CI 95%)

p-Value
Adjusted
PR
(CI 95%)

p-value
Unadjusted
PR
(CI 95%)

p-Value
Adjusted
PR
(CI 95%)

p-Value

Sex of
PHC *

Female 0.97
(0.94–0.99) 0.015 1.27

(1.14–1.41) <0.001 1.24
(1.12–1.38) <0.001

Male 1 1 1

PHC *
profession

Others 0.88
(0.76–1.01) 0.065 0.84

(0.73–0.97) 0.019 0.90
(0.78–1.04) 0.168

Nurse 0.75
(0.63–0.89) 0.001 0.69

(0.57–0.83) <0.001 0.89
(0.74–1.08) 0.232

Specialized
Physician

1.15
(1.08–1.22) <0.001 0.99

(0.88–1.11) 0.828 0.82
(0.72–0.95) 0.006

General
Physician

0.96
(0.75–1.22) 0.719 0.82

(0.64–1.07) 0.129 0.99
(0.77–1.27) 0.952

Specialized
Dentist

0.96
(0.89–1.04) 0.330 0.96

(0.89–1.04) 0.354 0.95
(0.86–1.05) 0.275

General
Dentist 1 1 1

Doubts

Group 1 0.82
(0.79–0.86) <0.001 0.85

(0.77–0.94) 0.001 1.21
(1.08–1.36) 0.001 1.18

(1.06–1.32) 0.040

Group 2 0.92
(0.81–1.04) 0.175 0.96

(0.82–1.11) 0.551 1.39
(1.19–1.62) <0.001 1.33

(1.15–1.54) 0.001

Group 3 1 1 1 1

* Primary Health Care.

4. Discussion

A change was observed in both the descriptive characteristics of asynchronous tele-
consulting on orofacial pain and the factors associated with avoiding referrals to secondary
health care from 2019 to 2020. In 2019 (before the COVID-19 Pandemic), physicians were
the most frequent professionals demanding teleconsulting for orofacial pain. The majority
of the demands were related to non-tooth conditions. In 2020, the first year of the COVID-
19 Pandemic, dentists were the most frequent professionals, and oral-cavity-related pain
conditions doubts were the most frequent. Noteworthy, Teleconsulting’s ability to avoid
referral to secondary health care and the number of demands decreased from 2019 to 2020.
In 2019, professional groups and doubts were associated with avoiding referrals. In 2020,
the sex of professionals and doubts were associated with this outcome.

The drop in the total teleconsulting over the assessed period stands out. It may repre-
sent a consequence of the general global disarray or disruption in the health system caused
by the Pandemic, which forced organizations to focus on COVID-19 issues rather than
regular services. Services were suddenly rearranged to deal mainly with pandemic issues
or urgencies, leaving behind some previously structured programs and other essential
health needs. In Brazil, mobility and non-essential services suffered severe restrictions in
2020, particularly from the second trimester, following the worldwide spread of cases and
deaths [25]. Similarly, the apparent drop in physicians’ demands in 2020 coincides with the
burden of the COVID-19 Pandemic. The mobility restrictions prevented in-person health
facility visits and face-to-face patient–doctor interaction, and the shift from traditional care
to telehealth occurred for a limited period, demanding rapid training and personnel alloca-
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tion [26]. In this scenario, the physicians may have initially interrupted regular and elective
procedures in favor of medical urgencies, not to mention the staff directly involved with
COVID-19 patient management. This fast and somewhat chaotic change may explain the
withdrawal of physicians in teleconsulting devoted to orofacial pain issues in the stressful
pandemic context of 2020 [27]. Concerning types of doubts, the preeminence of the G3
group over G1 and G2 in 2019 and the reverse in 2020 follows this same scenario, as “other
conditions in the head and neck” represented the demands in general related to medical
specialties, such as headaches and sinusitis.

The dentists themselves and the doubt categories related to oral cavity conditions
(G1) were the most frequent in the 2020 sample. It matches the reallocation of dental
professionals in the Public Health System during the Pandemic, leaving their previous
routine in favor of managing face-to-face dental urgencies, potentially leading several
dental branches to search for information on acute dental conditions in teleconsulting. It is
important to note that dental pain is reported as a relevant fraction of dental urgencies [28]
and represents the most frequent category of orofacial pain [29]. The general 2020 increase
in females in the sample matches the increase in dentists. Women also represent a relevant
fraction of Brazilian dental schools in the national dental public health system [30]. In
contrast, the G2 (TMD) diagnostic category represented a minor fraction in both years
assessed. This situation may reflect the mechanical and technical classical tendencies of
dental formation, contrasting with the complexity of chronic conditions such as TMD,
which tend to be overlooked in favor of the relative simplicity of acute urgent pathologies.
The novelty of the TMD/orofacial pain field in dental schools may also contribute [31].

In 2019 (the pre-pandemic year), nurses and other professionals showed a lower
resolution without a referral performance than general dentists. Despite the notorious
wide range of diagnostic conditions involved and interdisciplinarity, orofacial pain is
traditionally a dental branch that was gradually recognized as a dental specialty. In
Brazil, the area has been considered a separate dental specialty from the Federal Council of
Dentistry rule since 2002 [31]. This specific dental background in orofacial issues would give
dentists a higher capacity for resoluteness in this field than nurses and other professionals.
By contrast, in 2019, the lower frequency of case resolution without a referral from oral
cavity issues could be partly explained by the full availability of the secondary service
chain. In an average period, without pandemic restrictions, the steady health system flow
to secondary aid permits PHC professionals to refer a higher number of mild or moderate
cases. This standard would change during the Pandemic.

The upsurge in the Pandemic in 2020 marks the preeminence of dentists in the sample.
Nurses and “other professionals” in 2020 did not show the same negative association as
in 2019. This situation may well reflect the staff reallocation and training in a disruptive
period to deal with acute dental concerns, granting fewer referrals (some “other profession-
als” were already dental practice-related, such as dental assistants). The increase in the
proportion of dentists in the sample could result in more resolution capacity of G1 and G2
doubts [31]. Women’s higher performance may also be associated with their higher com-
mitment to health care during a pandemic, requiring more in-depth investigation [32,33].

The severe acute respiratory syndrome caused by Coronavirus 2 (SARS-COVID 2),
or COVID-19, with the surge in 2020, still represents a massive problem to healthcare
systems worldwide, with millions of dead by that year. A “Post-Covid Syndrome” can last
beyond the acute 4-week period and affects multiple organs and systems, also related to
widespread pain (myalgia) and headaches [34]. Although still under debate and extensive
investigation, it will inevitably require interdisciplinary health teams for its study, control,
and surveillance, most likely for extended periods. In this regard, telehealth (encompassing
teleconsulting) for managing chronic conditions must also find a fertile field of application
and expansion ahead [35,36]. Notwithstanding the eventual distortions, challenges in
implementation, and lack of randomized controlled assessments of its clinical outcomes
and long-term economic analyses [37] these technological advantages are paramount to
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reducing inequities in periods of high health challenging demands, much like the outbreak
of the COVID-19 Pandemic in 2019–2020 [38].

PHC is structured to offer solutions for the basic needs of health, reducing the number
of demands for secondary services, mitigating costs, and making the whole system more
efficient. The drop in resoluteness recorded in the period of this research following the
Pandemic challenges may also reflect a repressed demand for health, making simpler
pathologies develop and escalate to a matrix of more complex conditions over the same
period [25,27]. It would naturally deflagrate secondary actions, with the potential to
decrease the total resoluteness aspect.

This study presents some limitations. First, the short period covering data investiga-
tion (2019 and 2020) may not reflect the impact of previous or posterior tendencies upon
the Telehealth usage characteristics; therefore, comprehensive time-covering data analysis
still needs to be conducted. Second, the cross-sectional study design does not enable
inferences regarding causality. Third, the effect of other covariates, such as professional
age and patient characteristics on demographic (i.e., age, gender) and clinical status (i.e.,
the severity of pain and its length and quality, systemic background of the patients) were
not available in this dataset, so the study considered only some PHC personnel’s dataset.
It is important to suggest to the Brazilian Ministry of Health the inclusion of both age of
the patient and the professional, a truly confounding variable in quantitative studies [39].
Moreover, more details in the clinical diagnosis of the patient may be also very useful to
understand factors associated with our outcome. The access to these variables could impact
the quality of the associations identified. Despite these limitations, the study contributes
to future analyses regarding the Brazilian orofacial pain teleconsulting program and to
elaborate a historical time series research.

5. Conclusions

In 2019, oral cavity doubts scored the lower-case resolution without a referral and
PHC profession also influenced this outcome. Female professionals and oral cavity doubts
scored the higher case resolution without a referral for the service in 2020.
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Abstract: A complex prosthodontic treatment is believed to be more successful when the condylar
path is replicated using the articulator. However, there is an ongoing major disagreement between
the researchers as the exact relationship between the posterior and anterior determinants has not
been clear. The purpose of this study was to investigate whether the protrusive movement of the
mandible does correlate with the temporomandibular joint (TMJ) anatomy or with incised features.
Subjects (15 males and 15 females) were qualified for this study based on an initial interview in-
cluding the following criteria: age 21–23 (+/−1), no history of trauma, orthodontic treatment, or
temporomandibular disorders (TMD). For each patient, the angle of the condylar path, incisal guid-
ance angle (IGA), interincisal angle, as well as overbite and overjet were measured on cone beam
computed tomography (CBCT). This was followed by the examination with the Modjaw® electronic
axiograph recording and calculating the functional sagittal condylar guidance angle (SCGA) for the
right and left TMJ during the protrusion. The results show that the mean functional axiographic
measurement of SCGA in protrusion significantly correlates with the TMJ anatomy presented on
CBCT. Moreover, a significant correlation was found between the values of SCGA in the functional
and anatomical measurements in all its variants. It turned out that, statistically, the AB measure-
ment was the most accurate. Finally, results showed that incisal relationships of permanent teeth
such as overbite, overjet, incisal guidance angle and interincisal angle do not correlate with TMJ
anatomy, and therefore, regarding an analyzed study group, do not affect the TMJ formation in
young adults.

Keywords: temporomandibular joint; temporomandibular disorders; dental occlusion; dental prosthesis

1. Introduction

The temporomandibular joint (TMJ) is a part of the stomatognathic system that allows
the mandible to move. In adults, those movements are dictated by the shape of the articular
tubercle, articular disk, the limitation of the associated ligaments, the neuromuscular
system, and the guiding planes of the teeth [1]. A sagittal trajectory of the condyle traversing
the articular tubercle with any chosen horizontal plane (e.g., Frankfort) creates the sagittal
condylar guidance angle (SCGA). The SCGA can be measured radiographically, using a jaw
movement recording device, or with a protrusive interocclusal bite registration method [2,3].
In previous decades, pantomograms have sometimes been recommended for measuring
SCG [4]. However, they have many disadvantages, including the orientation of the reference
plane and the head, and parallax distortions due to the difficulty of distinguishing the
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outline of the articular elevation from the lower border of the zygomatic arch [5]. Moreover,
panoramic images are often not precise for SCGA measurement due to the overlapping
of many structures. In contrast, CBCT scans provide a 3D image for both sides without
overlapping, so that articular sublimation and acetabular fossa can be clearly distinguished
from adjacent structures, and the CBCT SCGA measurement alone gives much more reliable
results. With the advent of CBCT, CT scans were associated with less radiation exposure
and greater accuracy, which resulted in their widespread use in dentistry [6].

The registered values of SCGA allow for an accurate articulator setting [3,7,8]. A
complex prosthodontic treatment is believed to be more successful when the condylar path
is replicated using the articulator, since condylar inclination adjustment affects the cusp
height and, to a lesser extent, the occlusal ridge and groove positions [9,10]. Studies have
shown that it allows the restoration of the effective shape of the occlusal surface without
interferences [2,8]. The steep angles of the articular tubercle allow longer cusps and deeper
fossae of the posterior teeth, and shallower concavity of the palatal surfaces of the anterior
teeth, thanks to a rapid discussion in the molar area during mandibular movements.
A flat articular tubercle requires shorter cusps and shallower grooves of the posterior
teeth. The incisal overlap is equally important. The greater the amount of vertical overlap
and the smaller the horizontal overlap, the longer the cusps and the deeper the fissures
may be [11].

However, there is an ongoing major disagreement between the researchers as the
exact relationship between the posterior and anterior determinants has not been clear.
Different authors have attempted to confirm or deny the relationship between the posterior
determinant—corresponding to the condylar guidance path within the TMJ and the anterior
determinant—the incisal, and canine guidance, and their findings vary [12]. The first group
claims that there is no correlation between the path of the condyle and the anterior incisal
slope [13–15]. According to that approach, the anterior guidance must be reconstructed in
line with aesthetics, anatomical, and phonetic criteria and provide a posterior disclusion
during movements [13]. Dawson emphasizes the importance of adequate concavity or
occlusal clearance for anterior guidance to prevent restriction of the mandibular movements
and its reduction to simple rotational movement [16].

The opposing group advocates the existence of a connection between the anterior
slope and the path of the condyle [12]. As the gnathological approach matured, an anterior
guidance steeper than the condylar guidance became a mandatory rule as it provided the
elimination of all horizontal forces from the posterior teeth [17]. Brose et al. claim that the
incisal guidance angle should always be steeper than the condylar guidance, whereas the
height and slope angles of the cusps of the posterior teeth should be harmonious with the
condylar and anterior guidance, and where such harmony does not exist, the teeth can be
reshaped to a more desirable contour by adjusting or restoring them to eliminate trauma
and lessen the harmful effects of parafunction [11]. There are reports suggesting that the
steep incisal guidance (IG) may cause the temporomandibular joint to malfunction [18].
It has been hypothesized that IG influences the movements of the condyles, which in
turn modifies the growth and morphology of TMJ [19]. However, so far, no one has
proven this causation in a meaningful way. Han et al. showed weak but statistically
significant correlations between the incisal angle (IGA) and the size of the condyle and
fossa centroid [19].

On the other hand, Luca et al. in their study found that there are no differences in the
relation between the mandibular fossa features and the inclination of the upper incisors
in people with different types of faces, and there is no clinically significant relationship
between the shape of the joint and the inclination of the incisors [20]. However, the age of
the population in this study ranged from 18 to 40. It is an important factor as TMJ develops
between 21 and 23 y.o., and after its peak in growth and development after 17 years of
age, TMJ gradually exhibits various modes of adaptation that may be associated with
IGA [21]. It is not likely that the morphology and position of incisors have a significant
impact on shaping a developing TMJ since incisal guidance seems to be of recent origin.
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This hypothesis is supported by a study of plague victims in the south of France from 1720
in which a vertical overbite was not present. Some authors argue that incisal guidance did
not appear until the Middle Ages, when the use of a fork became common [22–24].

1.1. Objectives

In view of the controversy raised by the literature, the aim of this study was to
investigate the existence of a statistically significant correlation between the incisal features
(IGA, interincisal angle, overbite, and overjet), TMJ morphology, and its function.

Therefore, the following null hypotheses were set:

I. The protrusive movement of the mandible does correlate with the TMJ anatomy.
II. The protrusive movement of the mandible does not correlate with the incisal features.
III. The position and relationship of upper and lower permanent incisors do not have

a direct and significant effect on the TMJ morphology in young adults.

1.2. Clinical Implications

Incisal relationships of permanent dentition should not be considered as impacting
TMJ morphology and function at an early age. Therefore, the orthodontist should not
overestimate the role of overbite and overjet in the aspect of preventing TMJ disorders, and
should focus their attention on more important issues, such as the angle of inclination of
the occlusal plane.

If the CBCT scans are available, the AB measurement method allows one to accurately
determine the condylar guidance angle and aids in the programming of virtual or analog
articulators. Otherwise, electronic axiography is a reliable tool for transferring these data
to virtual articulators as a part of prosthetic rehabilitation.

2. Materials and Methods
2.1. Study Participants

This study was approved by the Independent Bioethics Committee for Scientific
Research at Medical University of Gdańsk (number NKBBN/1043/2021-2022) and is ret-
rospectively registered at ClinicalTrials.gov (NCT05637372). Patients received verbal and
written information describing the trial and gave their consent to participate in this study.

Subjects were qualified for this study based on an initial interview including the following
criteria: age 21–23 (+/−1), no history of trauma, orthodontic treatment, or TMD. Previous
studies by Sulün et al. confirmed that the articular eminence reaches its full size between 21
and 30 years of age in healthy patients and decreases after the age of 31 [25]. Similarly, the
articular condyle is fully developed between the ages of 21 and 22 [26]. For this reason, we
decided to construct the study group including subjects exactly in 21–23 (+/−1) age range, so
the correlation between occlusal and joint features is not falsified by any form of adaptation
within the TMJ. The interview was followed by an examination performed in accordance with
the Polish version of the RDC/TMD criteria, which disqualified one patient diagnosed with
myofascial pain [27]. Eventually, 30 patients qualified for this study.

2.2. Study Protocol

For each patient, the angle of the condylar path, incisal guidance angle, the interincisal
angle, as well as overbite and overjet were measured on CBCT, followed by the examination
with the Modjaw® (MODJAW, Lyon, France) electronic axiograph recording and calculating
the functional SCGA for right and left TMJ during the protrusion.

Each CBCT examination was conducted by an experienced radiologist technician with
the use of Carestream 9300 device (Carestream Dental, Altanta, GA, USA), set to following
parameters: 120 kV, 3.20 mA, 40 s with 1698.19 mGy/cm2 delivered. The patient was
in standing position with the mandible in the maximum intercuspation position (MIP).
Obtained images were analyzed in CS Imaging 8.0.5 program. To measure the SCGA on
the obtained imaging examination, the Frankfort horizontal plane (FHP) was marked as a
horizontal reference plane. It was constructed by connecting the left Orbitale and Porion
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points on both sides (Figure 1A) [28]. Next, in the sagittal view, a layer perpendicular
to one running through the innermost and outermost point of the condyle in transverse
cross-section was selected for each joint separately (Figure 1B).
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The temporomandibular joint space was described by marking the antero-superior
space (ASS) and superior space (SS). ASS indicates the thickness of the intermediate band
of the disc, while SS indicates the thickness of the posterior band of the disc. Additionally,
the vertical height of the fossa (H) was marked (Figure 2A). Then, to achieve the most
objective data, three different methods of measuring the SCGA were proposed. First—the
AB measurement, which indicates the angle between FHP and the line connecting point
A at the deepest point of the articular fossa to point B at the highest point of the articular
eminence (Figure 2B). Second—the AT measurement, which indicates the angle between
FHP and the line connecting point A at the deepest point of the articular fossa with the
tangent point T adjacent to the articular eminence (Figure 2C). Additionally, third—the CD
measurement, which indicates angle between Frankfurt plane and a line connecting the
highest point C of the condyle to point D, which is below the highest point of the articular
tubercle (B), considering the change in the thickness of the disc above the condyle during
protrusive movement (Figure 2D). The distance BD reflects intermediate discal space that
in vertical dimension is equal to ASS. The numerical data were collected for both joints of
each patient and tabulated for further analyses.

Likewise, the data concerning the incisors were collected. The cross-section view of left
and right incisors was examined, and, for each patient, the pair of central incisors presenting
the higher value of IGA was selected for further measurements of the incisal features [19,29].
We measured the incisal guidance angle—the angle between the line connecting the incisal
margin of the maxillary and mandibular incisors with the FHP (Figure 3A); the interincisal
angle—between long axis of upper and lower incisors (Figure 3B); overbite—vertical
and perpendicular to FHP distance between incisal margins; and overjet—horizontal and
parallel to FHP distance between incisal margin of upper incisor and transverse to the FHP
projection of the lower incisal edge (Figure 3C).
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Afterward, intraoral scans of qualified patients were conducted with the use of the
Carestream 3600 scanner. The obtained STL files were transferred to the Modjaw® mea-
suring device to record the mandible movements in real time (Figure 4). The Modjaw®

was designed as a substitute for the facebow, axiograph, and mechanical articulator at the
same time, with the possibility to transfer obtained data along with the patient’s individual
reference plane to CAD/CAM software (Exocad GmbH, Darmstadt, Germany) [30]. To
obtain an individual value of the SCGA, the following actions were performed: fixing
the hinge axis by means of repetitive opening and closing movements with the tongue
positioned on the palate, and protrusive movement from MIP to edge-to-edge position. The
SCGA during function for each patient was computed in the Modjaw® software between
the path of the moving condyle and the individual reference plane set by the line connecting
the hinge axis to the line created between the Nasion and Subnasale point.

2.3. Statistical Analysis

All calculations have been carried out by means of Microsoft Excel 2019 spreadsheet
and STATISTICA (TIBCO Software Inc., Palo Alto, CA, USA; 2020) Data Science Work-
bench, version 14. In the statistical description of quantitative data, classical measures of
location, such as arithmetic means and median, and measures of variation, such as standard
deviation and range, were used. The normality of distribution of the variables was tested
using Shapiro–Wilk’s test. To assess the linear correlation between two variables, Pearson’s
correlation and Spearman’s correlation were used with respect to the type of distribution
of the variables tested. To estimate best predictors for a particular dependent variable,
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multiple regression models were created. In all the calculations, the statistical significance
level was set to p < 0.05.
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2.4. Limitations

We are aware of some limitations of this work, which is mostly a small study group,
and the fact that the Modjaw® axiograph uses an individual reference pane for each patient.
However, due to the heterogeneity of the reference plane and its individual character for
each patient, it was not possible to directly compare the angles obtained on Modjaw® and
on CBCT; the statistical analysis was applied to check the correlations.

3. Results

The measurements of the parameters for all 30 patients (60 TMJ) were collated and
subjected to statistical analysis. The aim was to test the correlation between the values of
axiographic SCGA during protrusion with SCGA on CBCT (Table 1), the axiographic SCGA
during protrusion with the incisal parameters on CBCT (Table 2), and the SCGA with the
incisal parameters both measured on CBCT (Table 3), which are presented in the tables
below accordingly.

Table 1. Correlation between mean SCGA during protrusion and mean SCGA in CBCT measurements.

Variables n Mean SD r (X, Y) r2 p

Mean SCGA during protrusion
30

56.6000 6.6299
0.496253 0.246267 0.005285Mean vertical height of the TMJ fossa 8.2467 0.8467

Mean SCGA during protrusion
30

56.6000 6.6299
0.551815 0.304500 0.001571Mean SCGA in AB measurement 41.1167 6.2694

Mean SCGA during protrusion
30

56.6000 6.6299
0.532373 0.283421 0.002459Mean SCGA in AT measurement 52.4167 7.9525

Mean SCGA during protrusion
30

56.6000 6.6299
0.449854 0.202368 0.012623Mean SCGA in CD measurement 36.4833 5.8509

Table 2. Correlation between mean SCGA during protrusion and the incisal parameters measured
on CBCT.

Variables n Mean SD r (X, Y) r2 p

Mean SCGA during protrusion
30

56.6000 6.6299 −0.173606 0.030139 0.358898Overbite 3.5400 1.2544

Mean SCGA during protrusion
30

56.6000 6.6299
0.022152 0.000491 0.907500Overjet 2.4067 0.7701

Mean SCGA during protrusion
30

56.6000 6.6299 −0.183319 0.033606 0.332212Interincisal angle 134.6000 11.7403

Mean SCGA during protrusion
30

56.6000 6.6299 −0.173343 0.030048 0.359636Incisal guidance angle 53.1333 12.1789

Table 3. The correlation between the incisal guidance angle and mean SCGA in AB measurements.

Variables n Mean SD r (X, Y) r2 p

Incisal guidance angle
30

53.13333 12.17893 −0.069985 0.004898 0.713254Mean SCGA in AB measurement 41.11667 6.26936

Incisal guidance angle
30

53.13333 12.17893 −0.062899 0.003956 0.741250Mean SCGA in AT measurement 52.41667 7.95254

Incisal guidance angle
30

53.13333 12.17893 −0.129900 0.016874 0.493869Mean SCGA in CD measurement 36.48333 5.85085

The results show that the mean functional axiographic measurement of SCGA in
protrusion significantly correlates with the TMJ anatomy described by the mean vertical
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height of the fossa (Figure 5) and the angle of the articular tubercle corresponding to SCGA
on CBCT (Figure 6). Moreover, a significant correlation was found between the values of
SCGA in the functional and anatomical measurements in all its variants. It turned out that
statistically, the AB measurement was the most accurate; however, the AT measurement
and the CD method show the least correlation (Table 1). Therefore, this leads to proving
the first null hypothesis.
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not correlate with any of the incisal parameters: IGA, interincisal angle, overjet, or overbite
(Table 2, Figure 7).
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Similarly, the third null hypothesis was successfully proved as the incisal parameters
did not show a correlation with any of the anatomical CBCT measurements within the TMJ.
Regardless of a reference line and slight differences in measurements, no correlation was
found between the SCGA on CBCT and front teeth relationships (Table 3, Figure 8).
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4. Discussion

Many researchers support the assumption that the shape of the temporomandibular
joint is related to its function and that specific functional patterns will provide correlating
changes in both dentition and TMJ [31–34]. The lack of a relationship between the position
of the incisors and the morphology of the joint, however, is a much more debatable subject.
Our results suggest that while the protrusive movement recorded with the axiograph
is correlated with the height and inclination angle of the articular tubercle, the position
and mutual relations of the front teeth do not show any correlation to the structure of
the temporomandibular joint, regardless of which reference points in the joint are used
for measurements.

The evident lack of influence of the anterior guidance and overlapping of the anterior
permanent teeth on the formation of the temporomandibular joint early in life is not surpris-
ing, considering the age range during which the eminence develops and the hypothesis that
the overbite appeared only in the Middle Ages. Articular tuberosity develops in more than
50% of people by the age of five, and almost 90% by the age of eight. The remaining 10% of
the eminence angle forms during the teenage years [35]. Therefore, it would be surprising
if permanent incisors significantly influenced the structure of the TMJ. An interesting
example of a relatively recent change was found in the study of the Maïdu Indians from
California. This population showed a straight edge-to-edge bite up to colonization. Later
studies showed that the occlusion changed to include the incisal bite, “locking” canine
occlusion, and these changes happened probably due to the introduction of a soft diet. The
study by Laplanche et al., 2010 also showed more than a doubled incidence of class 3 in
1870 and almost doubled incidence of class 2 in 1970 [22].

Another interesting piece of evidence for modern changes in the relationship of the
anterior teeth was provided by the linguist Charles Hockett [33]. He suggested that the
use of teeth as tools in hunter–gatherer populations used to wear them down; thus, the
production of “f” and “v” consonants between the lower lip and upper teeth was much
more difficult. Therefore, there was a hypothesis that these sounds were a recent innovation
in human language. Blasi et al. confirmed this hypothesis using paleoanthropology, speech
sciences, historical linguistics, and methods from evolutionary biology in their research
and provided evidence that labiodental sounds (such as “f” and “v”) were introduced after
the Neolithic period [36]. It has also been confirmed that the current front teeth overlap
is a relatively new phenomenon caused by recent centuries’ dietary modifications. It can
therefore be concluded that the soft diet has made a significant contribution to changing
the human bite from edge-to-edge configuration to what we now consider to be the norm,
including incisal guidance, which some consider mandatory and necessary [37].

Additional evidence of lack of influence of both the bite type and the diet on the
TMJ anatomy emerged from a study carried out on 120 human dry skulls divided into
four groups: Forest Period Illinois population (900 to 1500 CE); Archaic Period Kentucky
population (500 BC to AD 500), African Americans (20th century), and Caucasian Americans
(20th century). Both the height and angle of the articular tubercle did not differ significantly
between all studied populations. Thus, results do not support the hypothesis of micro-
evolutionary changes in the temporomandibular joint caused by changes in the types of
food or the way of food preparation over 2500 years [37].

In describing the complicated relationship between the teeth and the temporomandibu-
lar joint, one cannot omit the most controversial aspect, which is the impact of occlusion
on TMD. Many recent studies report that occlusion is not a significant factor in disorders
of masticatory muscles and the TMJ, as it has been repeated many times over the years.
Authors in their current research more often highlight the need to evaluate the patients
holistically and focus on various factors beyond the head and neck area [38–40]. On the
other hand, multiple studies present the correlation between occlusion and the prevalence
of TMD. A broad view of the etiology and diagnostics of TMD ensures the further devel-
opment of more effective and modern treatment methods, which underlines a persistent
need to reevaluate our knowledge all over in light of more current research [41–45]. Celebic
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et al. report that different indicators of condylar and incisal guidance affect the activity
of anterior and posterior temporal muscles [30]. Tinastepe et al. found that patients with
increased vertical overlapping occlusions and minimal horizontal overlap had more clinical
symptoms associated with TMD than patients with physiological mandibular morphol-
ogy [46]. In a study by Williamson et al., it was reported that masseter and temporalis
muscle activity could only be reduced when anterior guidance causes disclusion in the
molar region [47]. In the same study, authors stated that muscle activity is not eliminated
by the specific relationships of the anterior teeth but by the elimination of contacts on the
molars, which is also true for the therapy with the use of anterior jigs [48,49]. Obtaining
an immediate disclusion in the posterior region with a protrusive movement may also
protect the structure of the posterior teeth by the elimination of the balancing contacts; thus,
incisal guidance is still considered to be an important factor in prosthetic rehabilitation
and reconstruction. However, it still is a controversial subject whether the existence of
balancing contacts can be a cause of TMD. Interestingly, a study by Kahn et al. proves that
the balancing occlusal contacts were present much more often in patients without TMD,
whereas the patients presenting the symptoms associated with TMD would mostly show
an uninterrupted canine guidance [50]. A possible explanation of such an outcome could be
the fact that people with TMD tend to clench more, whereas healthy, asymptomatic people
grind more often, so they are more likely to show signs of interferences and group contacts
during eccentric movements [51]. Moreover, it was proven in a 30 years long cohort study
including 1037 patients that abnormal occlusal features such as posterior crossbite and high
and low overbite in adolescence are not associated with a higher incidence of TMD later
in life [52].

Additionally, according to the results of previous longitudinal studies, high overbite
(≥4 mm) at the age of 15 was negatively associated with TMJ abnormalities at the age
of 45 [53]. It is also worth answering the question of whether deep bite really protects
the TMJ. It turns out that a high overbite is a feature common among people with hypo-
divergent facial patterns, who generally have larger temporomandibular joint condyles
than hyperdivergent individuals [54]. There is a hypothesis that large condyles, due to
the larger force distribution area, are less susceptible to mechanical stress than small ones,
thus protecting against subsequent disc disturbances [55]. This hypothesis seems to be
consistent with the results of a systematic review by Manfredini et al., indicating that facial
hyperdivergence is a risk factor for degenerative disorders and temporomandibular disc
dysfunction [56]. The following points toward the conclusion that the relationship of the
incisors in terms of TMD might be significantly less important than the initial cause of their
disrupted relationship, which is the vertical growth pattern. This pathology is also associ-
ated with a less favorable composition of the muscle fibers. The fibrous composition of the
masseter muscle was studied based on a biopsy performed during the surgical correction
of malocclusion. It turned out that the occupancy of type I fibers and areas of hybrid I/II
fibers increased in open bites, and vice versa; the occupancy of type II fibers increased in
deep bites [57]. This means that the masseter muscles of people presenting with an open
bite are not predisposed to long and firm contractions characteristic of clenching activity.
Further confirmation that skeletal abnormalities, rather than anterior tooth relationships,
may contribute to TMD emerged in a study by Cifter et al. in 2022 [58]. It was found
that clockwise jaw rotation, a frequent consequence of disrupted vertical facial growth,
causes increased compression within the TMJ. Focusing on the occlusion, it could be once
again considered that an impaired anterior teeth relationship is the cause of the muscular
disorders, while it appears to be only secondary to skeletal disorders caused by abnormal
facial growth.

5. Conclusions

1. The SCGA, during the protrusive movement recorded by the axiograph, is correlated
with the features of the articular fossa, such as the height and inclination angle of the
articular tubercle, suggesting that the TMJ anatomy dictates its function.
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2. The SCGA, during the protrusive movement, is not correlated with the relations
between the incisors, pointing towards the conclusion that the TMJ function does not
depend on the incisal features (IGA, interincisal angle, overbite, and overjet).

3. Incisal relationships of permanent teeth such as overbite, overjet, IGA, and interincisal
angle do not correlate with TMJ anatomy; therefore, they do not affect TMJ formation
in young adults in regard to analyzed study group.

4. The AB line is the most reliable reference for measuring the SCGA on CBCT.
5. While processed foods contributed significantly to the change in the bite, neither a

soft diet nor a change in the bite modified the structure of the temporomandibular
joint, either now or in antiquity.
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Abbreviations

Abbreviation Meaning
TMJ Temporomandibular joint
TMD Temporomandibular disorders
IGA Incisal guidance angle
CBCT Cone beam computed tomography
SCGA Sagittal condylar guidance angle
SCG Sagittal condylar guidance
IG Incisal guidance
MIP Maximum intercuspation position
FHP Frankfort horizontal plane
ASS Antero-superior space
SS Superior space
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43. Turosz, N.; Chęcińska, K.; Chęciński, M.; Kamińska, M.; Nowak, Z.; Sikora, M.; Chlubek, D. A Scoping Review of the Use of Pioglitazone
in the Treatment of Temporo-Mandibular Joint Arthritis. Int. J. Environ. Res. Public Health 2022, 19, 16518. [CrossRef] [PubMed]

44. Minervini, G.D.; Del Mondo, D.D.; Russo, D.D.; Cervino, G.D.; D’Amico, C.D.; Fiorillo, L.D. Stem Cells in Temporomandibular
Joint Engineering: State of Art and Future Persectives. J. Craniofacial Surg. 2022, 33, 2181–2187. [CrossRef] [PubMed]

45. Ferrillo, M.; Nucci, L.; Giudice, A.; Calafiore, D.; Marotta, N.; Minervini, G.; D’Apuzzo, F.; Ammendolia, A.; Perillo, L.; de Sire, A.
Efficacy of conservative approaches on pain relief in patients with temporomandibular joint disorders: A systematic review with
network meta-analysis. Cranio® 2022, 1–17. [CrossRef] [PubMed]

46. Tinastepe, N.; Oral, K. Investigation of the Relationship between Increased Vertical Overlap with Minimum Horizontal Overlap
and the Signs of Temporomandibular Disorders. J. Prosthodont. 2015, 24, 463–468. [CrossRef]

47. Williamson, E.; Lundquist, D. Anterior guidance: Its effect on electromyographic activity of the temporal and masseter muscles.
J. Prosthet. Dent. 1983, 49, 816–823. [CrossRef]
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Abstract: The condylar guidance value (CGV) measurement constitutes an important part of a holistic
prosthodontic treatment plan, with horizontal CGVs (HCGVs) and lateral CGVs (LCGVs) being
two of the most prominently recognized. This systematic review aimed at evaluating the efficacy of
two different types of CGV measurement protocols—articulators (both arcon and non-arcon) and
panoramic radiographs. Additionally, it attempts to determine which of the mentioned methods
performs better across several parameters. Several important web databases were searched using
search terms derived from medical subject headings (MeSH), using keywords linked to “Arcon artic-
ulator”, “Condylar guidance angle”, “non-arcon articulator”, “Panoramic x-ray” and “Radiographic
examination”, which constituted the first step in the study selection strategy. After completion, the
search strategy which initially turned up to 831 papers, eventually ended up with 13 studies. The
review and subsequent meta-analysis revealed that panoramic radiographs had noticeably greater
efficacy in terms of the CGVs as compared to the articulators in the majority of the studies. Within
the articulators, the arcon types recorded slightly higher CGVs than the non-arcon variety owing
to the precision of jaw movement simulation in the former. However, further studies are required
to validate these findings and establish more precise guidelines for the use of CGV measurement
protocols in prosthodontic practice.

Keywords: temporomandibular joint; arcon articulator; condylar guidance angle; non-arcon articulator;
panoramic radiographs; radiographic examination
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1. Introduction

One of the most common methods for measuring condylar guidance values (CGVs)
is through panoramic radiographs [1–3]. Panoramic radiographs are two-dimensional
images of the entire jaw and provide a panoramic view of the maxilla and mandible [4].
They allow for the measurement of the angle between the occlusal plane and the condylar
path inclination [5]. The average CGVs range from 30 to 60 degrees, with higher values
indicating a steeper condylar path. The CGVs are useful in determining the treatment
plan for prosthodontic patients including the use of orthognathic surgery to correct severe
jaw discrepancies.

An articulator is a mechanical device that simulates the movement of the jaws and
teeth, allowing the prosthodontist to accurately diagnose and plan prosthodontic treat-
ment [6,7]. There are different types of articulators: simple-hinge or plane-line articulators,
fixed condylar path (mean-value) articulators, and adjustable articulators. The adjustable
articulators can be classified into semi-adjustable and fully adjustable groups. The fully
adjustable articulators can be adjusted to simulate a wide range of movements of the jaw,
including lateral and protrusive movements. The semi-adjustable articulators are designed
to reproduce a fixed relationship between the maxilla and the mandible, and it can be
classified into two types: arcon and non-arcon [8].

Arcon articulators have a condylar ball and socket mechanism that mimics the natural
movement of the jaw. They are named after the German manufacturer who first developed
this type of articulator. In an arcon articulator, the lower member, which represents the
patient’s mandible, has two metal balls attached to it that fit into the corresponding sockets
on the upper member, which represents the maxilla [8]. The arcon articulator allows easy
adjustment of the occlusal plane, inclination of the occlusal plane, and lateral and protrusive
movements of the mandible. Accuracy and reliability are the main advantages of arcon
articulators. They closely mimic the natural movement of the jaw and provide a stable
platform for prosthodontic diagnosis and treatment planning [9]. They are also highly
durable and long-lasting.

Non-arcon articulators do have a condylar ball and socket mechanism but the condyle
is located in the upper member of the articulator. Instead, they use a hinge mechanism to
simulate the movement of the jaw. They are less expensive than arcon articulators and are
often used in dental schools and clinics that cannot afford expensive arcon articulators [7].
The main disadvantage of non-arcon articulators is their limited accuracy. They do not
mimic the natural movement of the jaw as closely as arcon articulators and may not provide
as stable a platform for prosthodontic diagnosis and treatment planning. However, they
are still useful tools for many prosthodontic procedures, particularly in clinics and dental
schools with limited resources [7].

Arcon and non-arcon articulators are important tools in prosthodontics that allow
accurate diagnosis and treatment planning. The choice of articulator depends on the needs
and resources of the individual prosthodontist or clinic [8].

Condylar guidance values (CGVs) are an essential parameter in the diagnosis and
treatment planning of prosthodontic patients. They refer to the angle formed between the
horizontal plane and the condylar path inclination during protrusive movement over the
posterior slope of the articular eminence. This angle helps in determining the movement of
the mandible during various functions such as chewing and speaking. These values can be
measured using various methods, including clinical examination, radiographs, and digital
imaging techniques.

Panoramic radiographs are commonly used to measure CGVs and help in determining
the movement of the mandible during various functions such as chewing and speaking [10].
There are two different CGVs that are used in prosthodontics, including the horizontal
condylar guidance value (HCGV), the lateral condylar guidance value (LCGV), protrusive
guidance, and immediate lateral translation. The Bennett angle is the angle formed between
the sagittal plane and condylar path inclination on the non-working side during lateral
movement. It represents the lateral movement of the mandible during chewing and
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speaking. The average Bennett angle is around 15 degrees, with higher values indicating
a more lateral mandibular movement [11]. The Immediate Lateral Translation (ILT) is
the amount of lateral movement of the mandible during the initial opening of the mouth.
This movement is important in the diagnosis and treatment planning of patients with
temporomandibular joint (TMJ) disorders and during the fabrication of prosthesis. The
average ILT is around 1.5 to 2.5 mm. The average protrusive guidance angle is around
30 degrees.

Measuring these angles can be conducted through various methods, including clinical
and laboratory examination, radiographs, and digital imaging techniques [11]. How-
ever, the cone beam-computed tomography is becoming popular, with wider applications
such as the identification of osteoporosis [12] and the tracing of inferior alveolar nerve
canal [13]; nonetheless, panoramic radiographs still remain the most common method for
measuring CGVs [14,15]. The CGVs also play a significant role in the design and construc-
tion of occlusal splints, which are used to treat patients with TMJ disorders [16,17]. So,
this systematic review and meta-analysis aimed to determine the accuracy of arcon and
non-arcon articulators in measuring condylar guidance angles compared to panoramic
radiographs. It also attempts to compare the differences in condylar guidance angle mea-
surements between arcon and non-arcon articulators and panoramic radiographs. The
secondary objectives include the identification of the factors affecting the accuracy of condy-
lar guidance angle measurements using arcon and non-arcon articulators and panoramic
radiographs. Additionally, this review attempts to assess the reliability and reproducibility
of condylar guidance angle measurements using arcon and non-arcon articulators and
panoramic radiographs.

2. Materials and Methods
2.1. Protocol and Research Framework

The current systematic review was registered on the International Prospective Reg-
ister of Systematic Reviews (PROSPERO; registration number: CRD42023404427. The
PICO (Population, Intervention, Comparison, Outcome) strategy for this study can be
summarized as follows: The population of interest included patients or individuals who
required evaluation of condylar guidance angles. The intervention under investigation
was the measurement of condylar guidance angles using arcon articulators. The compari-
son involved the measurement of condylar guidance angles using non-arcon articulators.
Additionally, the outcome of interest was the comparison of condylar guidance angles
obtained from panoramic radiographs in relation to arcon and non-arcon articulators. The
research question addressed in this study was whether there is any difference in the mea-
surement of condylar guidance angles when using arcon and non-arcon articulators, as
well as panoramic radiographs.

The study followed a well-defined framework to ensure a rigorous and comprehensive
analysis. Initially, an extensive search was conducted across multiple electronic databases
and relevant sources were manually searched to identify eligible studies. During the study
selection phase, pre-defined inclusion and exclusion criteria were applied to select studies
that directly compared the measurement of condylar guidance angles using both arcon and
non-arcon articulators, incorporating panoramic radiographs. Data extraction involved
collecting relevant information such as study characteristics, participant demographics,
and condylar guidance angle values obtained through different techniques. The quality
assessment phase involved evaluating the methodological rigor and risk of bias in the
included studies. A meta-analysis was then performed to synthesize the condylar guidance
angle measurements from the selected studies, utilizing appropriate statistical methods to
calculate pooled effect estimates and associated confidence intervals. Heterogeneity among
the studies was assessed, and subgroup and sensitivity analyses were conducted to explore
potential sources of heterogeneity.
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2.2. Database Search Protocol

Following databases were searched using MeSH keywords for the extraction of rele-
vant papers for this review:

• PubMed: ((systematic review[Title/Abstract] OR meta-analysis[Title/Abstract]) AND
(“condylar guidance”[MeSH Terms] OR “condylar guidance”[Title/Abstract]) AND (“ar-
con articulator”[MeSH Terms] OR “arcon articulator”[Title/Abstract]) AND (“non-arcon
articulator”[MeSH Terms] OR “non-arcon articulator”[Title/Abstract]) AND (“panoramic
radiography”[MeSH Terms] OR “panoramic radiography”[Title/Abstract]));
• Google Scholar: “systematic review” OR “meta-analysis” AND “condylar guidance”
AND (“arcon articulator” OR “non-arcon articulator”) AND “panoramic radiography”;
• Web of Science: TS = (“systematic review” OR “meta-analysis”) AND TS = (“condylar
guidance” AND (“arcon articulator” OR “non-arcon articulator”)) AND TS = (“panoramic
radiography”);
• Scopus: TITLE-ABS-KEY (“systematic review” OR “meta-analysis”) AND TITLE-ABS-
KEY(“condylar guidance” AND (“arcon articulator” OR “non-arcon articulator”)) AND
TITLE-ABS-KEY(“panoramic radiography”);
• EMBASE: (“condylar guidance angles” OR “condylar inclination” OR “condylar path”
OR “mandibular movement”) AND (“arcon articulator” OR “arcon condylar guidance”
OR “arcon condylar inclination” OR “arcon condylar path”) AND (“non-arcon articulator”
OR “non-arcon condylar guidance” OR “non-arcon condylar inclination” OR “non-arcon
condylar path”) AND (“panoramic radiograph” OR “orthopantomogram” OR “OPG”);
• LILACS: (“condylar guidance angles” OR “condylar inclination” OR “condylar path”
OR “mandibular movement”) AND (“arcon articulator” OR “Arcon Condylar Guidance”
OR “arcon condylar inclination” OR “arcon condylar path”) AND (“non-arcon articulator”
OR “non-arcon condylar guidance” OR “non-arcon condylar inclination” OR “non-arcon
condylar path”) AND (“panoramic radiograph” OR “Orthopantomogram” OR “OPG”);
• DOSS: (“condylar guidance angles” OR “condylar inclination” OR “condylar path” OR
“mandibular movement”) AND (“arcon articulator” OR “arcon condylar guidance” OR
“arcon condylar inclination” OR “arcon condylar path”) AND (“non-arcon articulator”
OR “non-arcon condylar guidance” OR “non-arcon condylar inclination” OR “non-arcon
condylar path”) AND (“panoramic radiograph” OR “orthopantomogram” OR “OPG”);
• Cochrane: (“condylar guidance angles” OR “condylar inclination” OR “condylar path”
OR “mandibular movement”) AND (“arcon articulator” OR “Arcon Condylar Guidance”
OR “Arcon condylar inclination” OR “arcon condylar path”) AND (“non-arcon articulator”
OR “non-arcon condylar guidance” OR “non-arcon condylar inclination” OR “non-arcon
condylar path”) AND (“panoramic radiograph” OR “Orthopantomogram” OR “OPG”).

2.3. Inclusion Criteria

• Studies that evaluated the efficacy of two different types of CGV measurement
protocols—articulators (both arcon and non-arcon) and panoramic radiographs;
• Studies that compared the efficacy of the two CGV measurement protocols across
several parameters;
• Studies that were in accordance with the search terms derived from MeSH-linked key-
words such as “arcon articulator”, “condylar guidance angle”, “non-arcon articulator”,
“panoramic radiographs “ and “radiographic examination”;
• Studies that provided information on the CGVs measured using both the articulators and
panoramic radiographs;
• Studies published from 2011 to date.

2.4. Exclusion Criteria

• Studies that did not evaluate the efficacy of the two different types of CGV measurement
protocols;
• Studies that did not compare the efficacy of the two CGV measurement protocols across
several parameters;
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• Studies that did not provide information on the CGVs measured using both the articula-
tors and panoramic radiographs;
• Studies that did not reveal key information related to measurement of the type of CGV
that was being assessed;
• Articles published before 2011;
• Studies that were case reports, seminar articles or thesis articles.

2.5. Reviewer Assessment and Bias Evaluation

Two independent reviewers who had expertise in prosthodontics and experience in
conducting systematic reviews and meta-analyses were identified and recruited. Later, they
independently evaluated the selected study to determine if it was relevant to the research
question and meets the eligibility criteria. The PRISMA tool (Figure 1) was selected for the
purpose of analyzing different types of studies and their relevance to this investigation,
i.e., whether they were in accordance with the inclusion and exclusion criterion [18].
The reviewers evaluated the study’s objectives, methodology, and results. They also
assessed its validity and reliability. They were also asked to document their evaluations
independently and provide a summary of the reasons for their inclusion or exclusion
of a certain study. Subsequently, they compared the evaluations and any discrepancies
that arose were discussed and ironed out through discussion and consensus with another
reviewer. They extracted the relevant data from the included studies, including the number
of participants, type of measurement protocol, type of articulator used, type of panoramic
radiograph used, CGV measurements, and any other relevant information. As for the
bias assessment, the quality of studies being selected was evaluated using the RoB-2
tool (Figure 2). This tool assesses the risk of bias in studies by evaluating five different
domains, the results of which were categorically separated into ‘low’, ‘moderate’, and ‘high’
risk of bias, respectively [19]. A meta-analysis of the assessed data was performed after
the completion of the search strategy to evaluate the efficacy of the two different types
of CGV measurement protocols, the results of which were interpreted, and conclusions
were drawn.Life 2023, 13, x FOR PEER REVIEW 6 of 16 
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Figure 2. Bias assessment of individual studies using RoB-2 tool across five different domains [20–32].

2.6. Protocol for Meta-Analysis

Using the RevMan 5 software (Version 5.3, The Cochrane Collaboration), a meta-
analysis was conducted. The objective was to determine the pooled effect size for the
effectiveness of the two different types of articulators in comparison to the panoramic
radiograph for measuring CGVs. Data on the type of measurement protocol and CGV type
assessed were extracted from each included study, along with information on the mean
age, parity, number of participants, type of measurement protocol, type of articulator used,
and any other pertinent data (CIs). The risk ratio (RR) and risk differential (RD) were given
with their own forest plot. In addition to the overall pooled estimate and its 95% CI, each
forest plot also contained the summary estimate and its 95% CI for each research.
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3. Results

In order to provide an updated review and assessment of CGVs, a keyword search
was first conducted on various databases from the years 2011 to 2022. Following the imple-
mentation of the MeSH search strategy, initially a total of 831 papers were surfaced. Based
on duplication and ineligibility by automation tools, the studies were filtered, resulting in a
total of 422 papers. To make sure that only original papers were included, further screening
of articles was conducted, which resulted in a total of 309 papers.

The titles and summaries of these 309 papers were scrutinized, and 296 additional
papers that did not meet the inclusion/exclusion standards were ignored. Finally, we
selected thirteen articles, which mainly contained in vivo and in vitro experiments, that
met the required standards. These made up the final group of articles that were taken into
account for the meta-analysis.

Five of the thirteen investigations [20–24] evaluated the measurement of sagittal CGV;
the HCGV in was covered in seven [25–31]. (Table 1). The variety of studies that were
reviewed leads one to believe that this significant issue may require a multi-disciplinary
strategy to be addressed. OPG was used to produce panoramic radiographs in all of the
studies that were considered for the evaluation. Individuals ranging in age from 18 to
75 were included in the research. Only three studies [22,29,31] considered CGV values
acquired using a non-arcon articulator, while all studies [20–32] used an arcon articulator
for CGV analysis. In the majority of studies [21,24,25,30–32], radiographs evaluated sig-
nificantly higher values compared to the articulator, with panoramic X-rays evaluating
higher CGVs compared to their mechanical measurement counterparts. Although in one
study [31], males scored higher total mean values than females using both articulators for
both HCGV and LCGV, with the arcon articulator obtaining higher overall mean values
than the non-arcon articulator, gender correlation was not frequently sought.

Figures 3–5 show, respectively, the forest plots from the 13 studies that were considered
for the study. The data were entered into the RevMan 5 software after taking into account all
relevant aspects of the papers, and three separate forest plots displaying the odds ratio, risk
ratio, and risk difference related to the measurement of the CGV, using either the articulator
or the panoramic X-ray that was noted in that study, were generated and evaluated. A
random effects model with a 95% confidence interval was used in the meta-analysis. The
overall number of events was the sample size for each paper.
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Figure 3 is a forest plot that presents the odds ratio of the effectiveness of using an
articulator versus a panoramic X-ray for measuring condylar guidance values (CGVs) in
13 studies. The random-effects model was used, and the confidence interval was set at
95%. The individual study results are represented as squares, with their size correspond-
ing to the weight of the study, and the horizontal line across each square indicates the
95% confidence interval. The diamond at the bottom represents the summary effect esti-
mate, with its width showing the confidence interval. The overall odds ratio was in favor
of the panoramic X-ray, indicating that it was more effective in measuring CGVs compared
to the articulators that were utilized in the studies.

Figure 4 is a forest plot that represents the risk ratio of the effectiveness of using an
articulator versus a panoramic X-ray for measuring CGVs in the 13 studies evaluated in
this review. The random-effects model was used, and the confidence interval was set at
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95%. The individual study results are represented as squares, with their size correspond-
ing to the weight of the study, and the horizontal line across each square indicates the
95% confidence interval. The diamond at the bottom represents the summary effect es-
timate, with its width showing the confidence interval. The overall odds ratio was also
in favor of the panoramic X-ray, indicating that it was more effective in measuring CGVs
compared to the articulators that were utilized in the studies.

Figure 5 is a forest plot that represents the risk difference of the effectiveness of using
an articulator versus a panoramic X-ray for measuring CGVs in the 13 studies evaluated in
this review. The random-effects model was used, and the confidence interval was set at
95%. The individual study results are represented as squares, with their size correspond-
ing to the weight of the study, and the horizontal line across each square indicates the
95% confidence interval. The diamond at the bottom represents the summary effect esti-
mate, with its width showing the confidence interval. The overall odds ratio was, again,
in favor of the panoramic X-ray, indicating that it was more effective in measuring CGVs
compared to the articulators that were utilized in the studies.

4. Discussion

Prosthodontics is a branch of dentistry which is concerned with the detection, preven-
tion, and treatment of dental and facial abnormalities. Prosthodontic treatment involves
fixed prosthesis, removable prosthesis, and maxillofacial prosthesis to improve the esthetics
and rehabilitation of the oral cavity [33]. A holistic approach of prosthodontic treatment
takes into account various factors including the CGVs. This measurement is an essential
part of the prosthodontic treatment plan as it helps determine the ideal position of the
mandible in relation to the maxilla during jaw movements. Cases with improper assess-
ment of CGVs eventually lead to prothesis, which brings discomfort to oral functions,
including the TMJ. Improper measurement of angle can also worsen the existing TMJ
disorders affecting children, adults, and special patients [34,35]. It will eventually affect
their quality of life [36]. In the current systematic review, the majority of the studies found
that the panoramic radiographs had a noticeably greater efficacy in terms of the CGVs in
contrast to the articulators. Within the articulators, the arcon recorded slightly higher CGVs
than the non-arcon owing to the precision of jaw movement simulation. These findings
provide important guidance for the prosthodontist to select the appropriate CGV measure-
ment protocol. Therefore, the primary significance of the present systematic review lies in
its contribution to the field of prosthodontics by evaluating the efficacy of two different
CGV measurement protocols and providing important guidance for clinical practice. The
findings have important implications in terms of improving the quality of care for patients;
at the same time, they highlight the need for further research in this area.

The research methodologies that were observed in this systematic review were unique
in a variety of ways. The condylar elements of the articulator are set in the clinical method so
that they will replicate the inclinations close to the patient’s temporomandibular articulation
using protrusive jaw relation. In the included experiments, the condylar guidance in semi-
adjustable articulators was set using interocclusal protrusive wax records, Lucia jig, and
gothic arch tracers. In studies using protrusive wax records, the amount of protrusion was
maintained as constant for all patients at 6 mm, and the same protrusive records were used
for programming the articulator. Hence, it is important to maintain protrusion distance
as a constant as the HCGV changes with amount of protrusion [26,37]. The majority
of studies used a Hanua Wide Vue semi-adjustable articulator after the protrusive jaw
relation was determined, while a few studies used a whip mix semi-adjustable articulator to
measure horizontal condylar inclination. To determine the horizontal condylar inclination,
a reference line is used. The whip mix uses the nasion–porion as a reference plane; whereas
Hanua articulators mount the cast in relation to the Frankfort horizontal plane, producing
more precise angles [38,39]. Due to the substantial differences in the instruments, a slightly
modified method for detecting SCGVs is inconsistent, lacks precision, and has lower levels
of reproducibility [40,41]. The reasons for the compressed or deformed records include

142



Life 2023, 13, 1352

tipped casts due to incorrect cast adaptation, force exerted by the operator on the record, and
records whose values have changed depending on the amount of protrusion, overjet, and
overbite [1,41,42]. Additionally, because set inter-condylar distance and straight condylar
pathway, the semi-adjustable articulators are unable to properly reconstruct the condylar
movements [41].

One of the studies showed that intraoral recording methods produced lower values
for condylar angles compared with the radiographic measurements. The man’s dynamic
mandibular locomotor system appears to be incompatible with the fixed mechanical princi-
ples governing the movements of an adjustable articulator [25,43]. Hence, the diagnosis
is now frequently made using CBCT, lateral cephalograms and panoramic radiographs.
In the current review, significantly higher CGVs were found in panoramic radiographs
than in protrusive interocclusal records. The findings of the review can be justified by the
following rationales. In research by Gilboa et al. [44], it was shown that the panoramic
radiographic method frequently produces a value that is higher than the actual value. In
dry skulls, they found that the average sagittal CGV was seven degrees higher than its true
anatomic contour. The resilient oral mucosa is depressed, and the inter-ridge distance is
shortened when the occlusal rims are kept in a protruded mandibular position. It results in
a narrower triangular wedge-shaped space between the posterior part of the occlusal rims.
This space is similar to the Christensen’s space found in natural dentition and documented
by protrusive interocclusal records [26,45,46].

Despite the fact that all of the included studies used the same reference line, there
were differences in the results of the included patients. The observed variations can be due
to patients’ head positioning, which causes parallax errors, the models of the panoramic
machine, magnification variations, image distortions, overlapping of the anatomic struc-
tures such as mandibular notch, the coronoid process, and the zygomatic arch around
TMJ [7,24,27,47–49].

Due to the fact that CBCT provides three-dimensional information for both sides with-
out superimpositions, the glenoid fossa and other landmarks can be readily identified. The
mean sagittal CGVs obtained from CBCT are marginally higher than those acquired from
other techniques on both sides for dentate and edentulous individuals. Similar outcomes
were found in the individual studies that were excluded from the review. For instance, in
the study by Kumar et al. [50], condylar guidance values obtained from CBCT measure-
ments were 5◦–6◦ higher than those from protrusive occlusal records, while values obtained
from clinical methods were attested in three studies mentioned in the literature [40,41,51].
The major benefit of CBCT over intraoral, panoramic, and cephalometric is the production
of distinctive images that show 3D features. Cursor-driven measurement techniques give
clinicians the ability to evaluate dimensions interactively and instantly. Additionally, the
on-screen measurements are free from amplification and distortion.

Other benefits of CBCT include better image quality, smaller fields, faster scans,
compatibility with different radiographic setups for image output, and simplicity of setup
for minimal units in a general clinical setting. In edentulous and dentulous patients,
these CBCT preferences may be used to identify the condylar position during dynamic
registration and accurately locate the condyle [10,51]. The primary reason we did not
include studies that used this measurement procedure was the high cost of the equipment,
which is the main disadvantage of using CBCT.

Carossa et al. [52] provide another method; they use a jaw movement analyzer in
conjunction with a robotic device to correctly record and duplicate mandibular movements.
The system employs optoelectronic motion technology with markers attached to the jaw,
allowing for quick and exact movement recording. Unlike earlier robotic systems, this one
featured fewer mechanical components, which reduced tolerances and production costs.
The results showed that the system accurately records and reproduces maxillomandibular
relations in both static and dynamic settings. The authors stated that this robotic system
represents a major advancement over existing analog and digital alternatives, providing
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cost savings, precision, and time-saving opportunities, and making it attractive for both
clinical and research applications.

The study has a few limitations that need to be addressed. Firstly, the number of
studies included in the review was relatively small, which may limit the generalizability of
the findings. Secondly, the quality of the studies varied, and some of them had a high risk
of bias, which may affect the validity of the results. Thirdly, the search strategy used in the
study may have missed some relevant studies that could have contributed to the analysis.
Finally, the study only evaluated the efficacy of two CGV measurement protocols and did
not consider other potential measurement methods that may be available. Moreover, all
the selected studies were from the South Asian region. Therefore, the results should be
interpreted with caution, and further research is needed to confirm the findings and explore
additional measurement protocols.

5. Conclusions

To conclude, this systematic review and meta-analysis evaluated the efficacy of two
different types of CGV measurement protocols—articulators (both arcon and non-arcon)
and panoramic radiographs. Moreover, it attempted to determine which performed better
across several parameters. Based on the data from majority of the includes studies, the
review found that panoramic radiographs had noticeably greater efficacy in terms of the
CGVs. Within the articulators themselves, the arcon types recorded slightly higher CGVs
than the non-arcon variety owing to the precision of jaw movement simulation in the
former. This information can be useful for prosthodontic practitioners to make an informed
decision about the type of CGV measurement protocol they choose to use for their patients.
However, further studies are required to validate these findings and establish more precise
guidelines for the use of CGV measurement protocols in prosthodontic practice.
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Abstract: Hemifacial spasm (HFS) is a hyperactive cranial neuropathy, and it has been well es-
tablished that the cause of primary HFS is compression on the root exit zone (REZ) of the facial–
vestibulocochlear nerve complex (CN VII-VIII) by a vessel or vessels. MVD is the only curative
treatment option for HFS with a high success rate and low incidence of recurrence and complica-
tions. We categorize six classical compressive patterns on the REZ as well as five challenging types.
Knowledge of these patterns may help in achieving a better surgical outcome.

Keywords: hemifacial spasm; microvascular decompression; compressive patterns

1. Introduction

Hemifacial spasm (HFS) is a hyperactive cranial neuropathy, and it has been well
established that the cause of primary HFS is compression on the root exit zone (REZ) of
the facial–vestibulocochlear nerve complex (CN VII-VIII) by a vessel or vessels [1,2]. The
modern understanding of its etiology has contributed to the development of microvascular
decompression (MVD) which can offer a cure in a non-destructive way [3,4]. Accordingly,
MVD has been accepted as the treatment of choice for medically intractable primary HFS [5].
An uncountable number of HFS patients have been benefited by MVD around the globe,
but there still remains much to discover. We believe this report stands out in that it is used
to describe detailed operative findings of more than 5000 MVD procedures performed by a
single surgeon in a single institution. A brief overview and current updates of HFS from
our experience and perspective are to be presented.

2. Materials and Methods

From January 2004 to March 2020, 5026 MVDs were performed for HFS by a single
surgeon in a single institution. All patients had been diagnosed with medically intractable
primary HFS and underwent an MVD via a lateral retrosigmoid suboccipital approach.
Preoperative evaluation included computed tomography (CT), magnetic resonance imag-
ing (MRI) along with T2 weighted sequences, and three-dimensional time of flight MR
angiography (3D TOF MRA). Neurovascular conflict is better visualized by high resolution
T2 weighted images than 3D TOF MRA, especially in cases of venous compression. Pure
tone audiometry along with speech audiometry were carried out before and after the MVD.

Under general anesthesia, a lateral retrosigmoid suboccipital craniotomy was per-
formed, followed by incision of the dura, careful dissection of the arachnoid layer, and
gentle retraction of the flocculus. Upon exposure of the REZ of CN VII-VIII complex, the
compressing vessel, or offending vessel, was identified. A Teflon sponge was inserted
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between the REZ and the offending vessel, which completed the decompression pro-
cess. Throughout the surgery, electrophysiological evaluation was used to monitor the
facial nerve, i.e., the disappearance of the lateral spread response (LSR), free running elec-
tromyography (EMG) and direct nerve stimulation, as well as brainstem auditory evoked
potentials (BAEP), in all patients. The compression patterns were described and categorized
by the surgeon (K.P.), and, according to the categorization, they were illustrated by the
first author (J.P.).

Preoperative and postoperative evaluation for symptoms were described and collected
by a single nurse practitioner to minimize response bias. The data processing was carried
out using commercially available software (IBM SPSS Statistics, version 24). The Chi-
square test and Fisher’s exact test were employed when analyzing cross tables between
compression patterns and clinical outcomes. Patient consent was not necessary because of
the retrospective nature of the study, and the validity of the findings would not be affected
by the absence of patient consent. Moreover, no additional risk to patient safety was
expected from this study without patient consent. The first author, J.P, owns all copyright
privileges regarding all illustrations.

3. Results

Over the past 16 years, operative findings were described and recorded by the surgeon
(K.P.). When the REZ was inspected through a microscope, how it was compressed by a
vessel or vessels was not uniform. After around 5–7 years in his career as a neurosurgeon
specialized in MVD, the surgeon noticed that in the vast majority of cases, there was a
contributing factor that made compression somewhat inevitable. A thickened arachnoid
membrane was the first thing that inspired him to pursue this categorization process ac-
cording to the contributing factors, which eventually led to the creation of the “compression
patterns”. When the thickened arachnoid membrane was found around the compress-
ing vessels, dissection of the arachnoid membrane often led to the disappearance of the
LSR, which could indicate that the thickened arachnoid membrane was the cause of the
compression. The surgeon hypothesized that the vessel was “forced” to compress the
REZ by the thickened arachnoid membrane pushing it to the REZ (Figure 1B). Indeed,
the arachnoid type, the most frequently observed one, accounts for 27.9% of all cases [6].
Under the same hypothesis, other forms of compression were described. When short and
tight perforating arteries from the offending vessel were tethering the vessel to the REZ,
we named it the “perforator” type (Figure 1C). This perforator type was also grouped in
the challenging ones because the short and tight perforating arteries limited the working
space for decompression, and they must not be injured to avoid any irreversible sequelae
such as brain stem infarction or intracranial hemorrhage (Figure 2A). The compressing
vessels of overall HFS, in order of frequency, consisted of the anterior inferior cerebellar
artery (AICA, 51.7%), the posterior inferior cerebellar artery (PICA, 21.6%), and the ver-
tebral artery (VA) [6]. AICA was involved in the perforating type in 84.5% of instances,
which was disproportionately higher than in other type (p < 0.005) [6]. The branch type
(Figure 1D) referred to a compression where the REZ was caught between branches of the
offending artery, while the sandwich type (Figure 1E) illustrated a compression of the REZ
by two independent arteries on each side. The two arteries in the sandwich type were
either AICA + PICA or AICA + another branch of AICA; the VA was not involved in any
sandwich types. In the tandem type, on the contrary, the VA was one of the two arteries
in 61.5% of instances [6]. Figure 1F depicts the tandem type where a larger artery, most
commonly the vertebral artery, compresses a smaller one that is in contact with the REZ.
The tandem type was also categorized as a challenging one (Figure 2B), since Teflon pieces
inserted between the REZ and the smaller offending artery might not be sufficient for a
complete decompression; the smaller artery must be released from the pressure by the
larger one as well. When there was no contributing factor other than the vascular loop
itself, they were categorized as the “loop type” (Figure 1A). PICA was responsible for 72.7%
of the loop types.
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As an addendum to the original “compression patterns”, we selected five types as 
“challenging patterns”, for they were found to pose an additional challenge during the 
process of decompression. Besides the two aforementioned types, i.e., the perforator and 
tandem, three unusual ones were added: cisternal, encircling, and penetrating (Figure 2). 
The combined number of these five types accounted for 50.4% of instances (1527 of 3028) 
[7]. Although these five types were named “challenging”, the clinical outcome, in terms 
of improvement of symptoms and postoperative complications, did not differ from that 
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Figure 1. Classic compression patterns. (A) Loop type, (B) arachnoid type, black arrow heads:
thickened arachnoid membrane, (C) perforator type, hollow arrow heads: perforating arteries,
(D) branch type, (E) sandwich type, and (F) tandem type. 1© Cerebellum, 2© brain retractor, 3© brain
stem, 4© vestibulocochlear nerve, 5© facial nerve, 6© primary offending vessel, and 7© secondary
offending vessel.
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Figure 2. Challenging patterns. (A) Perforator type, hollow arrow heads: perforating arteries,
(B) tandem type, (C) cisternal type, (D) encircling type, and (E) penetrating type. 1© Cerebellum,
2© brain retractor, 3© brain stem, 4© vestibulocochlear nerve, 5© facial nerve, 6© primary offending

vessel, and 7© secondary offending vessel.

As an addendum to the original “compression patterns”, we selected five types as
“challenging patterns”, for they were found to pose an additional challenge during the
process of decompression. Besides the two aforementioned types, i.e., the perforator and
tandem, three unusual ones were added: cisternal, encircling, and penetrating (Figure 2).
The combined number of these five types accounted for 50.4% of instances (1527 of 3028) [7].
Although these five types were named “challenging”, the clinical outcome, in terms of
improvement of symptoms and postoperative complications, did not differ from that of the
overall cases. The success rate of the challenging group was 88.6% whereas that of total
cases was 90.1%. Likewise, the complication rate of the former was 0.71 while that of the
latter was 0.89% [7]. Re-do surgeries (13 out of 1527), however, yielded a lower spasm-free
rate (10 of 13, 76.9%) along with a substantially higher incidence of intraoperative BAEP
change (7 of 13, 53.8%), postoperative facial palsy (6, 46.2%), and deafness (1, 7.7%) [7].
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4. Discussion

A bibliometric analysis of hemifacial spasm (HFS) in 2022 reported that the sec-
ond largest number (3.26%) of all HFS-related articles in the world were published from
Sungkyunkwan university in South Korea where Prof. Kwan Park initiated the hemifa-
cial clinic and personally performed over 5000 microvascular decompressions (MVD) for
HFS [8]. We hereby present a concise overview with current updates of HFS.

4.1. Overview of HFS

HFS is defined as contractions on one side of the face. The clinical term, HFS, refers
to involuntary facial contractions that are irregular, unilateral, and tonic or clonic. Those
twitches usually start with the periorbital muscles and then they can spread to the perinasal,
perioral, zygomaticus, and platysma muscles [9]. The diagnosis of HFS is primarily based
on clinical history in accordance with the definition of HFS: involuntary facial contractions
that are unilateral, irregular, and tonic or clonic. As an adjunctive maneuver, the “other
Babinski sign”, also known as the Babinski-2 sign, may be useful. It refers to a synchronized
contraction of the frontalis muscle or orbicularis oculi muscle, induced by an attempt to lift
up one’s eyebrow while the eye is being closed [10]. This maneuver assists in the diagnosis
of HFS with a sensitivity of 86% and a specificity of 100% [10]. Electromyography (EMG),
computed tomography (CT), or magnetic resonance imaging (MRI) also can be adopted
to confirm the diagnosis. Time of flight (TOF) of an MR angiography may delineate the
proximity or contact of an offending vessel with the REZ. According to more recent studies
where 3D MRI volumetric analysis was applied to evaluate the size of the CSF space in the
posterior fossa, it appeared to be smaller in HFS patients compared to that of the control
group [11]. The characteristic feature of EMG in HFS can be described as spontaneous
and high-frequency synchronized firing, which may be helpful to differentiate HFS from
other movement disorders, such as myokymia, blepharospasm, craniocervical dystonia
(Meige syndrome), post-facial palsy synkinesia, tic disorders, myokymia, neuromyotonia,
and tardive dyskinesias (TD) as well as phychogenic HFS [9]. According to an epidemio-
logical study based on a Norwegian population, the prevalence of HFS was about 9.8 per
100,000 persons [12]. Another study from the USA reported the prevalence rate of HFS as
7.4 per 100,000 men and 14.5 per 100,000 women [13]. Data from our own institute revealed
the male-to-female ratio to be 1:2.28 with an average age of 52.2 years [14].

The pathophysiology of HFS, as widely accepted, is explained by vascular compres-
sion on the root entry zone (REZ) of the facial nerve. When the compression of the REZ
is the sole cause of HFS, it is defined as primary HFS, whereas any impairment of the
facial nerve due to a pre-existing condition can constitute a secondary HFS. A modern-
day concept of vascular compression syndrome that included trigeminal neuralgia, HFS,
and glossopharyngeal neuralgia was introduced by McKenzie in 1936 [9]. Based on its
pathophysiological background, vascular decompression for HFS was first introduced by
Gardner in 1962, following which, a more modern technique with a minimal approach,
i.e., MVD via retrosigmoid craniotomy, was first performed by Bremond in 1974 [9,15,16].
The current concept of the pathophysiology and surgical treatment of HFS was established
and popularized by Jannetta, and it started with his article in 1975, titled “Neurovascu-
lar cross-compression in patients with hyperactive dysfunction symptoms of the eighth cranial
nerve” [9,17]. When a vascular curvature causes the compression on the REZ, the anterior
inferior cerebellar artery (AICA) is most commonly involved, followed by posterior inferior
cerebellar artery (PICA), and the vertebral artery (VA). A single artery could be the sole
cause of the neurovascular compression, but it is rather infrequent (4.7%) according to our
previous report [9,18]. In consideration of other additional factors, a total of six compressive
patterns in HFS were proposed: loop, arachnoid, perforator, branch, sandwich, and tandem
types [9,18]. Regarding a more detailed mechanism of HFS in addition to the microscopic
disruption of myelin in the REZ, there are two major hypotheses: the central (hyperex-
citability of the facial motor nucleus) vs the peripheral (ephaptic transmission between the
facial nerve bundles) hypothesis [9,19]. An increasing amount of micro-anatomical and
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neurophysiological research is dedicated to elucidating the precise pathway of HFS; but
one hypothesis cannot explain all the phenomena without the other.

Pharmaceutical medicine in general has failed to provide long-term improvement
for HFS. Anticonvulsants or GABAergic medicines may lessen symptoms partially and
temporarily, but the effectiveness of those medicines cannot be comparable to botulinum
neurotoxin (BTX) injection, not to mention microvascular decompression. BTX injection is
the most preferred non-surgical treatment for HFS, yielding up to 85% of symptomatic relief,
and among the seven serotypes of BTX, serotypes A and B are currently commercialized [9].
Following injections, symptomatic improvement occurs in 1–3 days, and it usually reaches
its peak effect in 5 days [9,20]. The duration of clinical benefit varies center to center
by 3–6 months [9,21,22]. Repeated injections of BTX are unavoidable, and tolerance can
naturally develop in some subjects, although a 10-year multicenter study reported that
the average duration of improvement did not change from the first year of injection to
the 10th year of treatment with a similar dose of BTX [9,23]. Additionally, they insisted
that the adverse responses derived from BTX injections decreased throughout the 10-year
course. Local complications of BTX injection include ptosis, blurred vision, and diplopia,
but they are rarely permanent [9,24]. Incidence of overall adverse effects was estimated
as ranging from 20 to 53%, and the most frequent one was ptosis [21,22,25]. Despite its
relatively high success rate of symptomatic improvement, one cannot ignore the fact that
BTX injection fundamentally requires repeated sessions, which leads to emotionally and
financially non-negligible burdens on the patients [9].

MVD is the only curative treatment option for HFS with a high success rate and low
incidence of recurrence and complications. According to a systemic review on 22 studies
with 5700 patients who underwent MVD, a complete resolution was achieved in 91.1%
(95% CI: 90.3–91.8%) of patients [9,26]. Recurrence occurred in 2.4% (95% CI: 1.9–2.9%) of
patients, and postoperative complications included transient complications including facial
palsy (9.5% [95% CI:8.8–10.3%]), hearing deficit (3.2% [95% CI: 2.7–3.7%]), and cerebrospinal
fluid leak (1.4% [95% CI: 1.1–1.7%]) [9,26]. Permanent complications included hearing
deficit in 2.3% (95% CI: 1.9–2.7%) and facial palsy in 0.9% (95% CI: 0.7–1.2%) of patients,
the risk of stroke was 1 in 1800, and risk of death was 1 in 5500 [9,26].

The basic concept of MVD is well described in the literature, but the detailed tech-
niques vary depending on institutions and surgeons. Once a lateral retro-sigmoid sub-
occipital craniectomy or craniotomy is performed under a general anesthesia, the dura
is incised to reveal the cerebellar cortex. With or without traction of the flocculus, the
root entry zone (REZ) of the facial nerve is to be observed. Upon the identification of
the compressing vessels, or the offending arteries, they are separated from the seventh
nerve, which then can be perpetuated by insertion of Teflon pieces. A few more addi-
tional techniques, including transposition of the vessels, snare technique, vascular sling,
etc., have been proposed [9,27–29]. Intraoperative EMG monitoring can be beneficial for
improvement of surgical outcomes. Lateral spread response (LSR) is one of the most com-
monly employed neurophysiologic tests for HFS since Moller and Jannetta suggested that
properly performed decompression would be accompanied with the disappearance of the
LSR [9,30]. However, persistence of the LSR did not necessarily indicate a poor outcome,
which precludes the LSR from being a reliable predictor for the long-term prognosis of
HFS after MVD [9,31]. Furthermore, to properly monitor the integrity of the eighth nerve
(CN VIII) during MVD, intraoperative brain stem auditory evoked potential (BAEP) can
be employed, which has been accepted by numerous institutions in decreasing the risk of
hearing impairment during MVD [9].

Clinical courses following MVD are not identical. According to our own report,
737 (92.8%) of 807 patients who had undergone MVD for HFS became absolutely or
nearly spasm free by the 2-year postoperative follow-up [9,18]. However, not everyone
became asymptomatic immediately after the surgery; 140 (19.0%) of 737 patients still
experienced residual spasms for more than a month, and some of them lasted more than a
year [9,18]. These inhomogeneous courses of MVD for HFS may indicate that microscopic
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changes in the REZ, facial nerve, or facial nucleus in each patient can be diverse; some
may have reversible compression without any structural changes, whereas others may
have gone through microscopic changes in their facial nerve or nucleus. We believe that
one cannot easily conclude the two aforementioned hypotheses of pathophysiology, i.e.,
hyperexcitability of the facial nucleus vs. ephaptic transmission of the facial nerve, are
mutually exclusive.

4.2. Compressive Patterns

Since we introduced six compression patterns of HFS which included the loop, arach-
noid, perforator, branch, sandwich, and tandem in 2008, we have received many questions
concerning the significance of this categorization. As reported, one type was not necessarily
associated with a better outcome compared to another, which indicated that a specific
compression pattern could not determine indications for MVD. In 2020, we selected five
types that can be technically challenging during MVD, but these also did not necessarily
contribute to poorer results [7]. The only cases that significantly resulted in unfavorable
outcomes are re-do surgeries, which underscores the importance of an accurate diagnosis,
proper determination of surgical indication, thorough exploration around the REZ during
MVD, and avoidance of iatrogenic compression on the REZ [7]. The significance of our
categorization system can be rephrased as knowledge on these patterns may help in achiev-
ing a better surgical outcome. By being aware that there could be more than one artery
causing the compression, as in the sandwich or tandem type, an incomplete decompression
can be avoided. Additionally, when the vessel on the REZ is not easily movable, one must
consider the possibility of the perforator type to prevent a devastating complication such
as brain stem infarction or hemorrhage. Although each type did not directly impact the
postoperative results, the understanding of these patterns seemed to improve the overall
outcome in our institution.

A brief summary of the features and some useful tips for surgery are presented in
Table 1. In the arachnoid type, the offending vessel may no longer be located on the REZ
after the arachnoid dissection, which can coincide with the disappearance of the LSR. When
the preoperative MRI delineates the VA near the REZ, the tandem type should be the first
one to rule out. If the tandem type is confirmed during the surgery, one should be reminded
of the fact that the simple insertion of Teflon pieces between the REZ and the smaller artery
may not guarantee a satisfactory outcome, because the larger artery, most likely the VA,
would probably continue to derive throbbing forces to the smaller one. The larger artery
must be detached from the smaller one, and furthermore, it would be ideal if the larger one
could be transposed so that the trajectory of the throbbing force can be re-directed. The
loop type is the least challenging since the approach to the REZ is not hindered by any
obstacles and there is enough working space for decompression. The involvement of PICA
is most frequent in this type. The perforator type is one of the challenging ones. Owing to
the tight perforators, manipulation of the compressing artery can be highly difficult and
sometimes potentially dangerous. Any disruption to one or more of the perforators can
result in permanent impairment to the brain stem. When the REZ is caught between the
branches, the main trunk must be moved off the REZ, so that the inserted Teflon does not
cause an iatrogenic compression. The sandwich type can be overlooked if the medial side
of the REZ is not thoroughly inspected. After one compression on the dorsal side of the
REZ is successfully decompressed, the medial side also should be carefully observed.

The arachnoid type was most frequently observed (27.9%), followed by the tandem
(24.6%) and the perforator (22.0%) types based on our own research in 2008 [6]. The
addendum classification was published in 2021, where 1527 (50.4%) of 3027 MVD for HFS
cases were selected as such [7]. Among the challenging types, the tandem (40.2%) and
the perforator (31.1%) accounted for the majority, and the remaining three types included
cisternal, encircling, and penetrating ones in order of frequency; the penetrating type was
the most extreme one (4 out of 3027, 0.13%). In the cisternal type, it is sometimes difficult
to find the compression, because the usual compression site, i.e., the REZ, appears to
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be compression-free. Exploration towards the cisternal portion of the facial nerve often
demands further retraction of the cerebellum, but special attention must be paid not to
retract it excessively. BAEP monitoring is mandatory. When the encircling artery is found
around the REZ, the decompression process should be carried out from the medial to the
lateral side of the REZ, because the insertion of Teflon pieces on the lateral side may hinder
the medial side from being properly maneuvered. The penetrating type is the most rare
and probably the most challenging of all. These challenging types did not necessarily lead
to poorer outcomes, whereas revision cases resulted in a significantly lower spasm-free rate
(10 of 13, 76.9%) along with a substantially higher incidence of intraoperative BAEP change
(7 of 13, 53.8%), postoperative facial palsy (6, 46.2%), and deafness (1, 7.7%) [7].

Table 1. Features and surgical tips for each type.

Distinctive Feature Tips for Operation

Classic compression patterns
Loop type Compression most commonly by PICA ¶ Technically least challenging

Arachnoid type Thickened arachnoid membrane

1. Careful and thorough dissection of the
arachnoid membrane is the key ¶

2. LSR * may disappear upon the release of the
arachnoid membrane

Perforator type Tight perforators Do not attempt to move the vessel off the REZ
forcefully or excessively

Branch type Caught between branches Make sure the main trunk is moved off the REZ

Sandwich type Two independent arteries from each side After a successful decompression, always consider
another possible source of compression

Tandem type Larger vessel (most commonly VA β)
compressing a smaller one

Trajectory of the larger vessel must be altered to
accomplish a full decompression

Challenging patterns
Perforator type Written above Written above
Tandem type Written above Written above

Cisternal type Compression on a cisternal portion of the
facial nerve, instead of the REZ δ Be careful not to excessively retract the cerebellum

Encircling type More than 270◦ contact with the nerve Decompression process should be carried out from
medial to lateral side of the REZ

Penetrating type Most rare (0.13%) Extra care must be taken not to injure the facial nerve
¶: Posterior inferior cerebellar artery, β: vertebral artery, δ: root exit zone, *: lateral spread response.

Veins were found to be responsible for HFS in 6 (1.1%) out of 528 HFS patients, accord-
ing to our previous study; 2 of them were solely caused by venous compression, whereas
the remaining 4 cases were due to a combination of arterial and venous compression [32].
We did not cauterize the vein as it may result in venous infarction or brain stem injury.
After careful manipulation of the vein, the REZ was decompressed using a small piece of
Teflon. Although we do not have statistically significant data, HFS due to venous com-
pression appeared to be associated with rather unfavorable outcomes because it was not
always possible to detach the vein from the REZ and manipulation of the facial nerve was
sometimes inevitable.

The importance of a thorough 360◦ inspection around the REZ cannot be overem-
phasized. Even after one offending artery is successfully detached and insulated, the
medial and cisternal sides of the REZ should also be free from any compression. The LSR
tends to disappear when the REZ is no longer compressed, but it is questionable if the
disappearance of the LSR can be a predictor of the long-term prognosis [18,24]. If the
LSR still exists after a decompression process, it could indicate either incomplete decom-
pression with a secondary cause of compression untreated, or complete decompression
with lingering hyperexcitability of the facial nucleus or ephaptic transmission between
nerve fibers [2,14,33]. Since it is not possible to discriminate the latter from the former
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during a surgery, a hypothetical secondary cause should always be ruled out to achieve a
long-term cure.

4.3. Brief Summary of Current Updates

A recent randomized clinical trial (RCT) on BTX injections for HFS revealed that bilat-
eral injection of BTX decreased facial asymmetry more than ipsilateral injection did [34].
In a related study, MR tractography findings were evaluated in HFS patients following
injection of BTX, where apparent diffusion coefficient (ADC) and fractional anisotropy (FA)
values in the contralateral motor cortex were found to be close to those of the pathological
side [35]. The authors suggested that this result might indicate an impact of peripherally in-
jected BTX on the central nervous system [35]. Another double blinded, RCT demonstrated
that pretarsal injection of BTX was more efficient than preseptal injection in terms of better
symptom control and longer duration of efficacy [36].

Surgical techniques have evolved over time as well. Since the concept of MVD initiated
by Jannetta et al. has been employed for HFS, trigeminal neuralgia, and glossopharyngeal
neuralgia, newer techniques have emerged. The “transposition technique” differs from
the simple insertion of Teflon pieces as it aims to alter the location and trajectory of the
offending vessel so that the vessel can no longer convey the pulsating force to the REZ [37].
This technique can be roughly rephrased as “off the REZ”, since the REZ is free not only
from the offending vessel but also from any iatrogenic Teflon pieces [37]. MVD using this
transposition technique, with or without the help of a fibrin coated sling, demonstrated
a higher success and lower recurrence rate [37]. As we emphasized, the re-do surgeries
resulted in significantly poorer outcomes [7]. During a revision MVD, previously inserted
Teflon pieces were often found near the REZ, and they were thought to have accounted for
the residual or recurrent symptoms. Iatrogenic compression must be avoided at all costs,
and we believe that this “off the REZ” policy may be the key to prevent a recurrence, and
accordingly, a re-do intervention.

Endoscope-assisted MVD and fully endoscopic surgery have gained increasing pop-
ularity. A meta-analysis comparing the traditional and endoscopic MVD, with a total of
12 studies and 1122 patients, reported that the endoscopic MVD yielded a higher success
rate (97% vs. 89%), lower recurrence rate (5.7% vs. 0.3%), as well as a lower complication
rate (12% vs. 27%) than the microscopic MVD did [38]. Another study in 2019 also insisted
that a fully endoscopic MVD is both safe and feasible in the treatment of HFS since it can
provide a better visualization of the neurovascular conflict, despite its original shortcom-
ings, e.g., being prone to blood soiling, lacking 3D information, or having a longer learning
curve [39].

The disappearance of the LSR is still a useful parameter during MVD, either traditional
or endoscopic, as the majority of researchers concur. A meta-analysis on intraoperative
monitoring of the LSR reported that an intraoperative disappearance of the LSR could
predict a favorable clinical outcome with a high specificity of 90% at discharge and after
1 year, whereas the sensitivity was only 40% at discharge and after 1 year [40]. We believe
this lower sensitivity of the LSR might be derived from the hyperexcitability of the facial
motor nucleus in HFS, which could be sustained even after a successful decompression.
A neurophysiological study using a novel parameter in the future may distinguish the
hyperexcitability of the facial motor nucleus from the ephaptic transmission.

5. Conclusions

We believe the categorization of compressing patterns on the REZ of HFS patients as
well as insightful technical tips in accordance with each individual pattern, may contribute
to a safer and more efficient MVD for HFS. The golden rules of successful MVD for HFS are
accurate diagnosis, proper indication for surgery, thorough and careful exploration around
the REZ, and avoidance of iatrogenic compression on the REZ.
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Abstract: Hemifacial spasm (HFS) is a rare disorder characterized by involuntary facial muscle
contractions. The primary cause is mechanical compression of the facial nerve by nearby structures.
Lateral spread response (LSR) is an abnormal muscle response observed during electromyogram
(EMG) testing and is associated with HFS. Intraoperative monitoring of LSR is crucial during surgery
to confirm successful decompression. Proper anesthesia and electrode positioning are important for
accurate LSR monitoring. Stimulation parameters should be carefully adjusted to avoid artifacts. The
disappearance of LSR during surgery is associated with short-term outcomes, but its persistence does
not necessarily indicate poor long-term outcomes. LSR monitoring has both positive and negative
prognostic value, and its predictive ability varies across studies. Early disappearance of LSR can
occur before decompression and may indicate better clinical outcomes. Further research is needed to
fully understand the implications of LSR monitoring in HFS surgery.

Keywords: lateral spread response; abnormal muscle response; hemifacial spasm

1. Introduction

Hemifacial spasm (HFS) is a rare neuromuscular disorder characterized by involun-
tary contractions of the facial muscles, predominantly affecting one side of the face. The
underlying pathophysiology of HFS involves mechanical compression of the facial nerve
at the root exit zone (REZ) by adjacent structures, including arteries, veins, and tumors.
Identification of the offending vessel can be achieved through magnetic resonance imaging
and confirmed during surgical intervention. However, in some cases, there may be multiple
compressing structures, or they may elude detection during the surgical procedure. There-
fore, it is crucial for surgeons to accurately identify the primary cause when manipulating
the surface of the brainstem. Intraoperative monitoring can be valuable in confirming
successful decompression while minimizing the risk of unnecessary manipulation near
delicate structures.

Lateral spread response (LSR), an abnormal muscle response (AMR), represents a dis-
tinctive neurophysiological characteristic of HFS that remains undetectable under normal
conditions. When one branch of the facial nerve is stimulated, an atypical response is ob-
served on the electromyogram (EMG) in other branches of the facial nerve. This anomalous
response was initially reported by Janetta and Moller [1,2], and subsequent studies have
been conducted to elucidate its significance and its connection to the pathophysiology of
HFS. Although LSR holds substantial importance during microvascular decompression
surgery (MVD) for HFS, its precise implications are not yet fully understood. The pres-
ence of LSR indicates the existence of aberrant cross-connections between facial nerve
branches or fibers, although the exact nature of these abnormal connections remains to be
identified [3].

The objectives of this article are to provide a comprehensive review of the patho-
physiology of LSR, the appropriate techniques for its accurate monitoring, and its clinical
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implications, and to address the controversies that have been previously discussed in the
literature.

2. Methods for Monitoring Lateral Spread Response (LSR)

LSR monitoring is typically conducted throughout the entire surgical procedure,
from the initiation of general anesthesia until its conclusion. The monitoring of LSR
does not interfere with the surgical process, allowing for continuous observation while
manipulating the facial nerve and adjacent vessels. Generally, monitoring of LSR begins
after the insertion of electrodes, before dural opening, after dural opening, during REZ
decompression, and after dural closure [4]. Even if LSR disappears immediately after
dural opening or decompression, its recurrence may indicate unsuccessful decompression.
Hence, continuous monitoring of LSR is recommended throughout the surgery, even if it
disappears initially.

2.1. Anesthesia

Since LSR is an abnormal electromyogram (EMG), appropriate anesthetic agents
must be used to avoid interfering with the accurate monitoring of this abnormal muscle
response. During the induction of general anesthesia, anesthesiologists typically administer
neuromuscular blockade (NMB) agents such as rocuronium or vecuronium to minimize
patient stress during endotracheal intubation [5]. However, continuous administration of
these agents can affect the precise detection of LSR. Therefore, careful titration of NMB
is necessary, and many anesthesiologists prefer to delay its administration until the end
of the surgery [6]. It is generally recommended that a train-of-four count of more than
two be maintained, for accurate monitoring. However, maintaining partial NMB with a
target T1/Tc ratio of 50% has proven to be clinically acceptable for LSR monitoring and
surgical conditions during MVD [7]. Complete termination of NMB did not significantly
enhance LSR monitoring when compared to maintaining a T1/Tc ratio of 50%; thus, it is
not recommended in MVD surgery [8].

Inhalational anesthetics have the potential to inhibit or block LSR [9,10]. Studies have
also demonstrated significant alterations in the chronaxie of human corticospinal axons
when exposed to the inhalational anesthetic sevoflurane [10]. There are reports indicat-
ing that desflurane can suppress LSR amplitude by 43%, compared to total intravenous
anesthesia alone [9].

2.2. Electrode Position

The accurate positioning of electrodes significantly affects the results of neuromoni-
toring. Misplaced electrodes may stimulate unintended structures, leading to monitoring
artifacts instead of capturing meaningful waves. Therefore, ensuring correct electrode
positioning is crucial for the precise monitoring of LSR. Typically, the stimulation electrode
is placed between the ipsilateral tragus and the external canthus of the eye, where the
zygomatic branches of the facial nerve are located. Since the zygomatic branch of the facial
nerve innervates the orbicularis oculi muscle, the abnormal muscle response recorded in
other facial muscles, such as the frontalis (temporal), orbicularis oris (buccal), and mentalis
(marginal mandibular), is defined as LSR [11]. Some institutions have also explored stim-
ulating the marginal mandibular branch, which is located at the border of the mandible
and lateral to the mental tubercle, and recording from the orbicularis oculi muscle and the
mentalis muscle [3,5].

The conventional stimulation method involves placing paired dermal electrodes in
such a way that the cathode is positioned at the proximal branch and the anode is positioned
at the distal branch, resulting in centripetal impulses toward the brainstem. However, Lee
et al. [12] conducted a study in which they inverted this method by placing the cathode
at the distal branch and the anode at the proximal facial nerve. They found that the
innervated muscles responded more sensitively to this new stimulation method. In fact,
the new method with the cathode at the distal branch demonstrated a higher detection
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rate for the disappearance of LSR than that of the conventional method. The conventional
method achieved a detection rate of 61.8%, while the new method achieved a detection rate
of 98.2%. Additionally, after surgical decompression, the conventional method still showed
a remaining LSR rate of 29.1%, while the new method had a remaining LSR rate of only
1.8% (Figure 1).
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Figure 1. A paired dermal stimulation electrode was positioned either at the zygomatic branch or
at the marginal mandibular branch to induce stimulation. Typically, in conventional practice, the
cathode is placed proximally while the anode is placed distally to elicit a centripetal impulse. In
contrast, Lee et al. conducted a study in which they reversed the placement of the cathode and the
anode. Interestingly, this alternative configuration resulted in more sensitive recording of lateral
spread response. Their findings suggested that the directionality of the electrode placement can
significantly impact the quality and precision of LSR recordings.

2.3. Stimulation Parameters

Currently, there is no standardized guideline for the stimulation and recording meth-
ods used in LSR monitoring. Due to variations in nerve excitability thresholds among
individuals and the potential influences of anesthesia and other conditions, establishing
specific parameters for stimulation presents challenges. However, in most studies, a pulse
wave with a duration of 0.2–0.3 ms and an intensity ranging from 5 to 25 mA have been
commonly employed. Within this intensity range, LSR can be consistently detected [11].

Nevertheless, although the results have not yet been published, the authors of this
review paper discovered the presence of superficially spreading artifacts that can be mis-
taken for LSR during high-intensity stimulation. In cases where LSR disappears early
or goes undetected, examiners may be inclined to increase the stimulation intensity to
reveal any hidden LSR. However, the authors’ study revealed the presence of artifacts that
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mimic LSR, particularly when the abnormal muscle response appears with a very short
latency—specifically, less than 10 ms. Therefore, it is advisable that the stimulation intensity
not be increased in such cases, where the abnormal muscle response seems to appear too
quickly, as it may be due to these artifact responses (Figure 2).
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Figure 2. The study conducted by the authors revealed that when the intensity of stimulation sur-
passed its upper threshold, a direct spreading artifact resembling the low-threshold sensory afferent
response (LSR) was observed that did not disappear, even after decompression. This exceeding
intensity was quantified by a reduction in the latency of the abnormal muscle response, which was
shorter than 10 milliseconds according to their findings. These results suggest that care must be taken
to differentiate true LSR from artifacts caused by excessive stimulation intensity, as these artifacts can
lead to misleading interpretations and, potentially, affect the accuracy of experimental outcomes.

3. Prognostic Value of LSR

Zhang et al. conducted a meta-analysis of 14 papers that investigated the prognostic
value of lateral spread response (LSR) during microvascular decompression (MVD) [13].
Their findings indicated that the disappearance of LSR is highly associated with short-term
outcomes. However, they did not find a significant predictive effect on long-term outcomes.
Another systematic review, by Nugroho [4], also concluded that short-term outcomes are
strongly correlated with the resolution of LSR. However, the resolution of LSR does not
significantly impact long-term outcomes, as patient outcomes tend to improve over time
with adequate decompression, even if LSR persists after surgery.
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In contrast, a meta-analysis performed by Thirumala et al. [14] revealed that intraop-
erative LSR monitoring demonstrates high specificity but low sensitivity in predicting a
postoperative hemifacial spasm (HFS)-free status at discharge, at 3 months after discharge,
and at 1 year after discharge. According to their analysis, the sensitivity was calculated
as 40%, 41%, and 40%, respectively, while the specificity was estimated as 89%, 90%, and
89%, respectively, at discharge, 3 months after discharge, and 1 year after discharge. They
further calculated the negative predictive value, which indicates the probability of pa-
tients achieving LSR resolution, as 92.7%, 95.8%, and 96.0%, respectively, at discharge,
3 months after discharge, and 1 year after discharge. Additionally, the positive predictive
value, representing cases where LSR persists, was determined as 47.8%, 40.8%, and 24.4%,
respectively, at discharge, 3 months after discharge, and 1 year after discharge. These
results suggest that both short-term and long-term outcomes can be predicted based on the
resolution of LSR during surgery. However, it should be noted that even if LSR persists
during surgery, long-term outcomes may still be positive.

3.1. Positive Prognostic Value

Lee et al. [12] reported that the AMR monitoring during MVD is beneficial for identi-
fying the offending vessel and suggesting the most appropriate surgical endpoint. Kong
et al. [15] reported that the monitoring of AMR is an effective tool when performing com-
plete decompression, and it may help to predict the outcomes. Some patients still had
residual spasm despite LSR disappearance. Various and complicated findings of the of-
fending vessels, as stated in that report, may be the cause of spasm persistence. However,
in follow-up visits at 1 year, the number of patients that were included in the category of
HFS-free status increased remarkably, so that the correlation between LSR and outcome
became significant. Nevertheless, divergent views on this issue have always existed.

Sekula et al. reported that the likelihood of achieving a cure is 4.2 times higher
if LSR disappears during surgery than when it persists. However, it is important to
note that that meta-analysis only evaluated the utility of LSR at the final follow-up visit
and did not consider the postoperative measurements taken two days after surgery [16],
Furthermore, there is a consensus among studies that there is a positive relationship
between the resolution of LSR and the clinical outcome of HFS. Concerns regarding this
relationship arise when there is no LSR observed or when there is early disappearance of
LSR. Additionally, questions arise when LSR persists even after successful decompression.
In cases where no LSR is observed, or where there is early disappearance, the predictive
value becomes uncertain. It becomes challenging to determine the prognosis and the
clinical outcome without the presence of LSR as a reliable indicator. Further research is
needed to understand the implications and significance of these scenarios.

Similarly, when LSR persists despite successful decompression, the correlation be-
tween LSR and clinical outcomes becomes less straightforward. The persistence of LSR
may indicate the presence of additional contributing factors or complexities that influence
the overall outcome. These cases highlight the multifactorial nature of HFS and the need
for a comprehensive assessment of various clinical factors to determine the prognosis and
treatment outcomes accurately. However, the resolution of LSR followed by successful
decompression of the vessel compressing the facial nerve REZ suggests a positive clinical
outcome (Figure 3).
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Figure 3. Captured image from intraoperative neuromonitoring program. The offending vessel was
dissected from the facial nerve root exit zone, but teflon felt was not yet inserted. As a result, lateral
spread response (LSR) is still seen (white oval). After placing teflon felt between the facial nerve and
the dissected vessel, LSR disappeared (white rectangle).

3.2. Negative Prognostic Value

While most studies concur that the disappearance of lateral spread response (LSR)
is associated with favorable outcomes in hemifacial spasm (HFS), there are some studies
that demonstrate a lack of correlation between LSR resolution and clinical outcomes. This
discrepancy may be attributed to intraoperative findings of multiple vessel compressions,
as well as to the presence of vessels that are not easily visible behind the facial nerve or
vessels coursing around the root exit zone without compressing the nerve. These factors
can contribute to residual spasms following microvascular decompression (MVD) [15].

In a study by Wei et al. [17], the efficacy of intraoperative auditory brainstem response
(AMR) monitoring in improving the outcomes of MVD for HFS was evaluated. However,
the findings indicated that intraoperative AMR monitoring did not significantly enhance
the efficacy of MVD for HFS, when performed by skilled surgeons.

Notably, studies by Kiya et al. [18] and Yamashita et al. [19] reported a high proportion
of patients who exhibited LSR persistence but were free from HFS symptoms. This finding
resulted in an insignificant correlation between LSR resolution and HFS relief. It should be
acknowledged that these studies may have been limited by small sample sizes. Kiya et al.’s
study lacked remaining spasms in both the LSR-disappearance and the persistence groups,
rendering their 3 month follow-up analysis inconclusive. Similarly, Yamashita et al. found
no significant correlation in the 1 year evaluation.

Indeed, there are studies that have reached different conclusions regarding the pre-
dictive value of intraoperative lateral spread response (LSR) monitoring in the outcomes
of microvascular decompression (MVD) [20]. One such study, by El Damaty et al. [21],
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prospectively analyzed 100 patients with hemifacial spasm (HFS) and found that while
LSR could guide the appropriate decompression of the facial nerve during MVD, it did
not serve as a reliable predictor of postoperative efficacy. Similarly, Hatem et al. [22] ob-
served that all 10 patients in their study achieved clinical cures despite the persistence of
LSR during MVD. That finding raised doubts about the practical usefulness of LSR in the
context of MVD.

These studies indicated that there is conflicting evidence regarding the predictive value
of intraoperative LSR monitoring in MVD outcomes, highlighting the need for further
research and consideration of multiple factors in surgical decision-making [3].

In a review conducted by Neves, the abolition of lateral spread response (LSR) and
its correlation with clinical outcomes were examined in a group of 32 patients. The study
reported a sensitivity of 100% and specificity of 94% in predicting long-term outcomes based
on LSR abolition. However, there was no observed relationship between intraoperative
LSR changes and relief from hemifacial spasm (HFS) on the first day after surgery.

These findings suggested that LSR abolition may serve as a reliable predictor of
long-term outcomes in HFS patients. Additionally, the presence of increased temporal
dispersion in the direct response at the stimulated nerve branch could provide valuable
insights regarding LSR status, especially in patients with a history of botulinum toxin
treatment [23].

Additionally, the clinical course of hemifacial spasm (HFS) after microvascular decom-
pression (MVD) is characterized by high variability. Although many patients experience
immediate relief from spasms following MVD, there are instances in which facial spasms
continue to persist for several months or even years after surgery, despite the disappearance
of LSR. This variability underscores the complex nature of HFS and indicates that factors
other than LSR status contribute to the persistence or recurrence of symptoms [24].

3.3. Early Disappearance of LSR

Furthermore, it has been observed that the disappearance of lateral spread response
(LSR) can occur early in the surgical procedure, even before any vascular decompression
of the facial nerve takes place. This early LSR disappearance can be attributed to various
factors, such as changes in the dynamics of cerebrospinal fluid (CSF) upon dural opening,
CSF drainage, or minimal cerebellar retraction [25]. In some cases, there may be a transient
disappearance of LSR followed by its reappearance at a later stage [5,26].

Jiang et al. [5] conducted a retrospective review of 372 patients. Among them, 33 pa-
tients exhibited early disappearance of LSR. The study found that the injection of muscle
relaxants could diminish LSR and, importantly, that early disappearance of LSR was associ-
ated with better clinical outcomes. Several studies have explored the mechanism behind
early loss of LSR before decompression in HFS surgery [5,26,27]. This early loss of LSR
suggests that the compression force exerted by the offending blood vessels is relatively
mild and can be easily influenced by subtle environmental changes, such as CSF egress.
Kim et al. [28] suggested that the disappearance of LSR during dural opening or after CSF
drainage, prior to decompression, was correlated with poorer outcomes. They emphasized
the importance of surgeons carefully identifying the exact offending vessels in order to
optimize surgical outcomes. These findings highlight the dynamic nature of LSR changes
during HFS surgery and the potential significance of early LSR disappearance as a pre-
dictor of surgical outcomes. Surgeons should be attentive to the timing and patterns of
LSR changes to improve identification of the responsible vessels and to optimize treatment
strategies.

Figure 4 presents a flow chart that outlines the surgical decision-making process with
LSR monitoring. This flow chart provides a visual representation of the sequential steps
involved in making informed surgical interventions based on the observed LSR patterns.
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Figure 4. Flowchart for surgical decision-making based on lateral spread response (LSR) monitor-
ing. If LSR disappears before decompression or persists after decompression, careful exploration is
warranted. However, the delayed disappearance of LSR is common and, occasionally, early disap-
pearance leads to better outcomes. Therefore, excessive exploration should be avoided to prevent
unnecessary intervention.

3.4. LSR Monitoring in Secondary HFS

LSR constitutes an electrophysiological manifestation that arises not only from neu-
rovascular conflicts, but also from influences encompassing the REZ and, potentially, other
unidentified mechanisms. Consequently, LSR can manifest within secondary HFS, where
lesions exert an impact along the trajectory of the facial nucleus and the facial nerve REZ.

However, within the context of tumors originating from the facial nerve, such as facial
nerve schwannomas, reports of facial spasm presentation are conspicuously absent [29–31].
This discrepancy may be attributed to the propensity of facial nerve schwannomas to
originate, predominantly, from the peripheral aspect of the facial nerve rather than from its
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intracranial segment. Consequently, the presence of abnormal electrophysiological signs
such as LSR are not evident in such cases [32].

4. Pathophysiology of LSR

The exact pathophysiology of HFS remains unclear. While the most common cause is
believed to be mechanical compression of the facial nerve at the REZ by an adjacent artery,
there are cases where venous compression, or no specific vessel near the REZ, is identified.
Thus, a more comprehensive explanation is needed beyond the direct compression of the
REZ. Due to the vague nature of the disease’s pathophysiology, the physiology of the AMR
is also a subject of debate.

4.1. Peripheral Theory

The peripheral theory of HFS suggests an abnormal cross-transmission of facial nerve
fibers at the site of vascular compression, known as the ephaptic transmission of neural
impulses between different branches of the facial nerve [33]. Yamashita et al. [34] conducted
a study using double stimulation of the AMR in 12 HFS patients to explain the pathophys-
iology of the condition. Their results showed a refractory period of 3.4 msec between
stimulations, which remained constant within the same patients. This finding provided
evidence of a peripheral mechanism underlying the pathophysiology of HFS, in contrast
to the central nucleus theory. It indicated that the amplitude and latency intervals of the
AMR stimulated at different time sequences remain consistent, suggesting no influence
from the facial motor neuron. If the site of abnormal cross-transmission were in the facial
nucleus, lateral spread responses would exhibit variable latency and amplitude, similar to
the F wave [34]. Wilkinson used a strength–duration analysis to suggest that the AMR is
likely mediated by antidromic afferent signaling along the facial nerve, as the chronaxies
determined for the AMR and M wave were virtually identical [35].

4.2. Central Theory

The hyperexcitability of the facial nucleus has been proposed as a significant con-
tributing factor in the pathogenesis of HFS, as suggested by Moller and Jannetta [36] and
Poignonec et al. [37]. Yamakami et al. [38] suggested that the kindling-like hyperactivity
of the facial nucleus induced by chronic electrical stimulation is the cause of the AMR.
Several reports support the central theory, suggesting that the hyperexcitability of the
facial nucleus is the origin of the lateral spread response. Ishikawa et al. [39–41] examined
F waves pre- and postoperatively and during surgery, finding support for this central
theory. By correlating F/M-wave amplitude ratios with lateral spread response F/M-wave
amplitude ratios, they concluded that the origin of enhanced F waves is the same as that of
the lateral spread response. The F wave exhibits variable latency and amplitude due to the
hyperexcitability of the central nucleus [34,42].

5. Further Research

Thirumala and colleagues [14], in their meta-analysis, proposed that the definition of
lateral spread response (LSR) resolution varies across different studies. They suggested that
a prospective international multicenter study, with standardized and established definitions
of LSR resolution, would yield more accurate and precise results regarding its prognostic
value. This highlights the importance of having consistent criteria for determining LSR
resolution in future research, to enhance the comparability and the reliability of findings.

Additionally, Kim’s report [28] emphasized that the timing of LSR resolution may
have prognostic significance. To further explore this aspect, more studies comparing the
timing of LSR disappearance and its relationship to clinical outcomes should be conducted.
Understanding the timing of LSR resolution in relation to patient outcomes can provide
valuable insights into the prognostic implications of LSR changes during the course of
hemifacial spasm (HFS) and subsequent microvascular decompression (MVD) surgeries.
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6. Limitations

The primary aim of this paper was to provide a comprehensive overview of the moni-
toring methods, prognostic values, and pathophysiology of LSR. However, it is important
to acknowledge certain limitations that were inherent in the scope and nature of this review.
Unlike a traditional systematic review or meta-analysis, this study did not adhere to the con-
ventional structure that includes detailed information about the methodology employed,
such as the specific time frame of the literature search, the search terms used, and the
inclusion and exclusion criteria. As this review focused on presenting a subjective overview
of the topic rather than conducting an exhaustive analysis of the available literature, the
absence of these methodological components is recognized. Therefore, it is acknowledged
that the level of the evidence in the considered literature was limited, given that it did not
fall within the domain of a systematic review or a meta-analysis. Nevertheless, significant
efforts were made to maintain a neutral standpoint and to encompass a wide range of
concerns related to LSR.

7. Conclusions

LSR monitoring has been used to identify the cause of HFS and to guide surgical
interventions. This review article discussed the pathophysiology of LSR, the techniques for
accurate monitoring, and the clinical implications. The presence and resolution of LSR were
found to be associated with short-term outcomes, but their predictive value for long-term
outcomes is less clear. Studies have shown conflicting results regarding the correlation
between LSR resolution and HFS relief, highlighting the need for further research. Factors
such as multiple vessel compressions and vessels that are not easily visible can contribute
to residual spasms, even after successful decompression. The early disappearance of LSR
before decompression can occur due to various factors. Overall, LSR monitoring is a
valuable tool, but further research is needed to fully understand its implications and to
optimize its use in HFS treatment.
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Abstract: (1) Background: In cases of hemifacial spasm (HFS), there are various patterns related to the
vascular compression of the facial nerve, including a very rare form that is seen when the offending
vessel penetrates the facial nerve. However, there have been few reports in the literature regarding the
associated surgical techniques and postoperative prognosis. (2) Methods: A retrospective review was
conducted of 4755 patients who underwent microvascular decompression (MVD) surgery from April
1997 to June 2023. In total, 8 out of the 4755 patients (0.2%) exhibited a penetrating offending vessel;
the medical and surgical records of these 8 patients were then analyzed. Surgery was then attempted
to maximally decompress the penetrating offender. (3) Results: Seven out of the eight patients (87.5%)
were spasm-free immediately after surgery, and one had only 10% residual spasm compared to their
preoperative condition. That patient was also spasm-free one year later. Postoperative facial palsy
occurred in one patient (12.5%) who was assessed as grade II in the House–Brackmann grading
system. In another patient, the resection of a small facial nerve bundle did not result in facial palsy.
There were no cases of hearing loss or other complications. (4) Conclusions: Decompressing the
penetrating offender did not increase the incidence of facial palsy, and the prognosis for hemifacial
spasms was good. Therefore, when a penetrating pattern was encountered during MVD surgery,
decompression between the penetrating offender and the facial nerve may offer good results.

Keywords: hemifacial spasm; microvascular decompression; penetrating offender

1. Introduction

Hemifacial spasm (HFS) is a form of neurovascular syndrome that is usually due to
neurovascular compression in the root exit zone (REZ) of the facial nerve. The disease
presents as an intermittent, involuntary facial twitching movement that usually begins in
the eyelids and progresses to involve the entire system of ipsilateral facial muscles. The
result is an asymmetrical appearance of the face, due to the strengthening of the facial
muscles on the side of the spasm. The pathogenesis of HFS is thought to be derived from
the vascular compression of the facial nerve that emerges close to the brain stem, leading to
demyelination and ephaptic transmissions [1,2].

There are various treatments for HFS, such as medications and Botulinum toxin injec-
tions, but, compared to these treatments, MVD surgery is the most effective treatment and
one that completely resolves the symptoms [3–9]. The overall rate of being spasm-free after
MVD surgery in patients with HFS is approximately 90%, with the other 10% of patients
experiencing a recurrence of facial spasm or surgical failure [3,10,11]. In the 10% of cases
where this facial spasm did not resolve itself, in rare instances, the surgeons may have
encountered unusual patterns of compression that would make for a very difficult surgical
challenge. In 2007, we categorized six different patterns of facial nerve compression, de-
scribing their clinical implications and prognosis [12]. As the number of cases increased,
we began to see other rare and difficult cases [11], one of which was the perforating pattern,
where the offending vessel penetrated the facial nerve.
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There are currently no reports as to how this pattern should be decompressed, whether
complications such as postoperative facial palsy and hearing loss after decompression are
likely, and with what factors they are associated; this is the focus of the current study.

2. Materials and Methods
2.1. Patient Cohort

We retrospectively analyzed the medical records of 4755 patients who underwent
MVD with HFS from April 1997 to June 2023. All MVD surgeries were performed by a
single surgeon (Kwan Park), with facial nerve motor-evoked potential (facial MEP), lateral
spread response (LSR), and brain stem auditory evoked potential (BAEP) being monitored
by an experienced neurophysiologist. The clinical information and details of the offending
vessels of all 4755 patients are summarized in Table 1. Cases with 2 or 3 offending vessels
present a sandwich pattern or a tandem pattern, in which the vessels are compressed
together.

Table 1. Clinical characteristics of 4755 patients treated with MVD surgery for hemifacial spasm.

Clinical Characteristics

Median age at MVD (range (years)) 53 (17–75)
Sex (male:female) 1395: 3360

Operation side (left:right) 2441: 2314
Median duration of symptom (in months) 48

Average length of hospital stays, in days (range) 7.4 (3–185)
Penetrating offender type (%) 8 (0.2%)

Offending vessel, n (%)

AICA 2635 (55.4%)
PICA 1011 (21.3%)

AICA-PICA common trunk 14 (0.3%)
VA 50 (1.1%)

AICA + PICA 275 (5.8%)
AICA + VA 469 (9.9%)
PICA + VA 162 (3.4%)

AICA + vein 21 (0.4%)
PICA + vein 5 (0.1%)

AICA + PICA + VA 61 (1.3%)
Vein only 44 (0.9%)

Other vessels 5 (0.1%)
Cannot be confirmed 3 (0.0%)

MVD: microvascular decompression, AICA: anterior inferior cerebellar artery, PICA: posterior inferior cerebellar
artery, VA: vertebral artery.

Of these 4755 patients, 8 exhibited the penetrating type of pattern (0.2%). All penetrat-
ing offenders were confirmed via surgical microscopic findings. Of these 8 patients, 4 were
male, 4 were female, 5 had right-sided lesions, and 3 had left-sided lesions. The median
age of the patients was 41.5 years (an age range of 23–67). Of the 8 patients, the two oldest
patients (67 and 55 years old) had underlying hypertension and were on anti-hypertensive
medication, and the next-oldest patient (49 years old) was taking medication for diabetes
mellitus. The other 5 patients had no underlying medical conditions.

The degree of preoperative facial spasm was analyzed using our previously published
SMC grading system [13,14]. Grade I refers to situations when the spasm is localized to
the periocular area, whereas grade II refers to situations when the involuntary movement
spreads to other areas of the ipsilateral face and affects other muscles, such as the orbicularis
oculi, frontalis, zygomaticus, mentalis, and platysma. Grade III represents the disruption
of vision due to frequent spasms, whereas grade IV refers to a persistent spasm resulting in
significant facial asymmetry. Among the 8 patients under study, the degree of preoperative
spasm was classified as grade II in 3 patients (37.5%), as grade III in 3 patients (37.5%),
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and as grade IV in 1 patient (12.5%), whereas the grade of the final patient could not be
determined.

The mean duration of postoperative spasm symptoms was 60.4 months (in a range of
18–120 months), with 4 patients being prescribed medication for preoperative treatment,
4 patients receiving botulinum toxin (Botox) injections, and 2 patients receiving both Botox
injections and medication. One patient was prescribed medication and acupuncture at
an oriental medicine clinic, whereas another received botulinum toxin treatment and
acupuncture at an oriental medicine clinic. The final 2 patients received no other treatment
prior to MVD surgery (see Table 2).

Table 2. Clinical characteristics of 8 patients with penetrating offenders.

No. Sex Age Laterality Preoperative
Spasm Grade Preoperative Treatment Symptom Duration

(Month)
Medical
History

1 M 55 R N/A None 120 HTN
2 M 67 R IV Medication, Oriental Medicine 84 HTN
3 F 49 L II BTX injection, Oriental Medicine 48 DM
4 F 44 L III BTX injection 18 None
5 F 39 L III Medication 78 None
6 M 23 R II None 46 None
7 F 36 R III Medication, BTX injection 61 None
8 M 34 R II Medication, BTX injection 28 None

No: number, M: male; F: female, R: right, L: left, BTX: botulinum toxin, HTN: hypertension, DM: diabetes mellitus,
N/A: not available or not mentioned.

2.2. Operative Technique and Intraoperative Monitoring

The patients underwent MVD surgery via a retromastoid suboccipital craniotomy
(RMSOC) while in the park bench lateral position. All patients underwent MVD surgery
with intraoperative neuromonitoring, which consists of a real-time BAEP monitoring
method [14] and the facial motor evoke potential (fMEP) and lateral spread response (LSR),
i.e., abnormal muscle response (AMR). The evaluations of intraoperative LSR disappearance
were categorized as follows: disappearance after durotomy and cerebrospinal fluid drain
from the lateral medullary cistern; disappearance after immediate decompression, where
the amplitude of LSR decreases but does not disappear completely; and no disappearance.
In all patients, decompression of the neurovascular conflict zone was performed using
Teflon felt.

2.3. Assessment of Postoperative Outcomes

All patients underwent preoperative intra-auditory canal (IAC) magnetic resonance
imaging (MRI) to identify the most likely offender, the results of which were reviewed by
an experienced neuroradiologist. Preoperative audiometry, including pure tone audiome-
try (PTA) and speech audiometry (SA), was performed, and the patients also underwent
preoperative lateral spread response (LSR) testing conducted by an experienced neuro-
physiologist. Computed tomography (CT) of the brain was performed immediately after
the operation in all patients, and a temporal bone CT scan was also taken postoperatively
on day three in all patients. Postoperative pure tone audiometry (PTA) and SA (speech
audiometry) was performed postoperatively on days 4–5, and the results were then com-
pared with the preoperative results. The patient’s spasms were assessed preoperatively,
immediately after surgery (until 5 days after surgery), 1 month after surgery, 1 year after
surgery, and up to 2 years after surgery. The lateral spread response (LSR) was examined
just before the patient’s outpatient department visit after their discharge.

3. Results

In the eight patients identified, the offending vessels were as follows: the anterior
inferior cerebellar artery (AICA) in six patients (75%), the branch of the AICA in one patient
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(12.5%), and the posterior inferior cerebellar artery (PICA) in one patient (12.5%). The
intraoperative LSR disappearance pattern was IIa (i.e., the vessel disappeared immediately
after decompression) in seven patients (87.5%) and IIc (i.e., a 50% reduction with a residual
presence) in one patient (12.5%).

An intraoperative change in BAEP was seen in three patients. Two had a 50% decrease
in amplitude, prolonged by 1.6 ms and 2.0 ms, respectively, with full recovery by the end
of surgery, and one exhibited the loss of all but wave I, with 80% recovery by the end of
surgery. There was no long-term hearing loss after surgery. It is worth noting that three of
the eight patients underwent surgery before our real-time BAEP monitoring method was
established. All three exhibited no postoperative hearing loss.

Postoperative facial palsy was seen in one patient (12.5%). Immediately after surgery,
the palsy was classified as House–Brackmann grade III–IV, and the patient showed gradual
improvement to grade II but still demonstrated residual issues. The other seven patients
(87.5%) exhibited no facial palsy.

The prognosis of postoperative spasm was evaluated immediately after surgery
(around 5 days), 1 month after surgery, 1 year after surgery, and 2 years after surgery.
In seven of the eight patients (87.5%), there was no spasm immediately after surgery. One
patient had 10% residual spasms compared to their preoperative state. At 1 month after
surgery, one of the seven patients who had no spasm immediately after surgery had 10%
residual spasm compared to their preoperative state, and the one patient with 10% residual
spasm had worsened slightly to 20%. At 1 year after surgery, one patient with a new 10%
spasm at 1 month had similar symptoms, and one patient with symptoms shortly after
surgery was then spasm-free. Of the other six patients who were asymptomatic imme-
diately after surgery, three remained spasm-free, one patient was lost to follow-up, one
patient with no spasm developed a spasm of approximately 10% compared to preoperative
levels, and one had not yet reached the one-year postoperative mark. Upon follow-up in
year 2, two patients with a residual 10% of spasms at 1 year after surgery were completely
spasm-free after 2 years, and one patient who had spasms immediately after surgery and
after 1 month remained spasm-free at 1 and 2 years after surgery. Of the three patients who
were followed up, one was lost to follow-up, and two continued to be spasm-free (one of
these two is a patient who developed facial palsy after MVD surgery) (see Table 3).

Table 3. Intraoperative findings and prognosis of 8 patients with penetrating offenders.

No. Offender
LSR

Disappearance
Intraoperative
BAEP Change

Postoperative Spasm (%) Postoperative
Facial Palsy Surgical Findings

~5D ~1M ~1Y ~2Y

1 AICA Disappeared after
decompression No change 0 0 0 0 H-B II N/A

2 AICA Disappeared after
decompression No change 0 0 N/A N/A None N/A

3 AICA Disappeared after
decompression No change 0 0 0 0 None N/A

4 AICA Disappeared after
decompression

50% decreased,
delay to 2.0 ms,

full recovery
0 10 10 0 None

Only the medial side was
decompressed because the lateral
side was difficult to decompress;

LSR disappearance after
decompression

5 PICA Disappeared after
decompression

All but wave I
disappeared,

recover to 80%
10 20 0 0 None

90% nerve fascicle on the medial
side of the PICA, and 10% on the

lateral side, with adhesion; therefore,
a minor portion was resected after
detachment. Weak response from

the orbicularis oris when stimulated
before resection.
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Table 3. Cont.

No. Offender
LSR

Disappearance
Intraoperative
BAEP Change

Postoperative Spasm (%) Postoperative
Facial Palsy Surgical Findings

~5D ~1M ~1Y ~2Y

6 AICA

Decline
amplitude,

but not
disappeared

50% decreased,
delay to 1.6 ms,

full recovery
0 0 0 N/A None

On the lateral side, the AICA circled
between CNs 7 and 8, penetrated

the facial nerve medially, and
exited laterally.

7 AICA Disappeared after
decompression No change 0 0 10 0 None

The facial nerve was split, and the
AICA passed through the center; a

small piece of Teflon felt was placed
inside the split to decompress

the nerve.

8 Branch of
AICA

Disappeared after
decompression No change 0 0 N/A N/A None

LSR disappeared when
decompressing the
penetrating vessel.

No: number, LSR: lateral spread response, BAEP: brain stem auditory evoked potential, D: day, M: month, Y:
year, AICA: anterior inferior cerebellar artery, PICA: posterior inferior cerebellar artery, N/A: not available or not
mentioned, H-B: House–Brackmann grade, CN: cranial nerve.

Illustrative Case

A 34-year-old man developed twitching of the right eye and mouth two and a half
years prior to admission and was subsequently diagnosed with HFS. After medication and
botulinum toxin treatments, he was referred for MVD surgery and visited our institution.
His pre-operative spasm grade was SMC grade II; magnetic resonance imaging showed
a complex REZ, which the radiologist interpreted as demonstrating that both the AICA
and PICA were in contact in the REZ (Figure 1). LSR was observed in the right facial nerve
during an examination with electrical stimulation (Figure 2a).
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Figure 2. Right-side facial nerve conduction studies of a patient acting as an illustrative case: (a) the 
preoperative examination showed lateral spread response (LSR); (b) in the postoperative examina-
tion, the LSR seen before surgery has disappeared. 

Intraoperatively, the offending vessel was a branch of the AICA, which was pene-
trating the facial nerve (Figure 3a–c). 

Figure 1. A 34-year-old man with right HFS, shown in a preoperative proton density-weighted
(PD-weighted) magnetic resonance image (MRI). At the exit region of the right facial nerve root, the
right anterior inferior cerebellar artery (AICA) and posterior inferior cerebellar artery (PICA) have a
complex appearance (red circle).

Intraoperatively, the offending vessel was a branch of the AICA, which was penetrating
the facial nerve (Figure 3a–c).
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Figure 2. Right-side facial nerve conduction studies of a patient acting as an illustrative case. In both
picture, each number is a reference point for measurement. ‘1’ is onset latency, from ‘1’ to ‘2’ is onset
to peak amplitude, and from ‘2’ to ‘3’ is peak to peak amplitude: (a) the preoperative examination
showed lateral spread response (LSR); (b) in the postoperative examination, the LSR seen before
surgery has disappeared.
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Figure 3. Intraoperative microscopic findings for the illustrative case: (a) a branch of the anterior 
inferior cerebellar artery (AICA) passing through the facial nerve, with no other indentations visible 
in the root exit zone (yellow circle); (b) illustration of the surgical visualization before decompres-
sion. The illustration shows the offending artery passing through the facial nerve; (c) Microscopic 
findings with decompression in progress on both the left and right sides. The yellow arrow is the 
8th cranial nerve, and the navy arrow shows a branch of the AICA penetrating the facial nerve, both 
images.  

First, we checked whether there was a space between the facial nerve and the pene-
trating artery and carefully dissected the facial nerve and the penetrating branch of the 
AICA to decompress in all directions (Figure 4a–c). 

Figure 3. Intraoperative microscopic findings for the illustrative case: (a) a branch of the anterior
inferior cerebellar artery (AICA) passing through the facial nerve, with no other indentations visible
in the root exit zone (yellow circle); (b) illustration of the surgical visualization before decompression.
The illustration shows the offending artery passing through the facial nerve; (c) Microscopic findings
with decompression in progress on both the left and right sides. The yellow arrow is the 8th cranial
nerve, and the navy arrow shows a branch of the AICA penetrating the facial nerve, both images.
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First, we checked whether there was a space between the facial nerve and the penetrat-
ing artery and carefully dissected the facial nerve and the penetrating branch of the AICA
to decompress in all directions (Figure 4a–c).
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Figure 4. (a) First, decompression was started with small Teflon felt, from inferior side of the perfo-
ration site (yellow arrow); (b) Next, decompression was performed in supero-medial (supero-ante-
rior) side (yellow arrow); (c) Lastly, the supero-lateral (supero-posterior) side decompression was 
performed (yellow arrow) to decompress in all directions of the perforation site, and the lateral 
spread response (LSR) subsequently disappeared. 

Figure 4. (a) First, decompression was started with small Teflon felt, from inferior side of the
perforation site (yellow arrow); (b) Next, decompression was performed in supero-medial (supero-
anterior) side (yellow arrow); (c) Lastly, the supero-lateral (supero-posterior) side decompression
was performed (yellow arrow) to decompress in all directions of the perforation site, and the lateral
spread response (LSR) subsequently disappeared.
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Immediately after decompression, the LSR disappeared, and the surgery was com-
pleted. The patient in question had no spasms and no facial palsy immediately after surgery
and was discharged on day 5 with no further complications. Postoperative audiometry
showed no hearing difficulty. One month after surgery, the patient still had no spasms,
and the disappearance of LSR was confirmed via a postoperative neurophysiological study
(Figure 2b).

4. Discussion

In 2008, we analyzed 236 cases of HFS, reporting several patterns of neurovascular
compression of the facial nerve [12]. At the time, we categorized the patterns into six types:
arachnoid (28.0%), loop (4.7%), and perforator (24.6%), which are generally compressed by
a single causative vessel, and branch (7.6%), sandwich (11.9%), and tandem (22.0%), which
are compressed by two or more vessels [12]. There were also three cases (1.3%) in which
the pattern category was not clear at the time. As the number of surgeries grew, we added
new neurovascular compression patterns. One is the encircling pattern, in which the vessel
encircles the facial nerve in a 270-degree or even 360-degree loop. Another is the penetrating
type, in which the culprit vessel passes completely through the facial nerve [11]. These
patterns of neurovascular compression are particularly challenging to operate on, especially
the penetrating type, as they are often not clearly identifiable from a magnetic resonance
image, and cases are so rare that there are no established decompression methods.

There is a very limited corpus of literature on HFS caused by a penetrating offender;
however, a report was published for a single case in 2015. Oh et al. reported a left HFS
presenting in a 20-year-old male patient. The penetrating offender in this patient was the
AICA; after decompression, the spasm disappeared, but definite facial palsy occurred [15].
From this case report and from our study, it is apparent that HFS caused by the penetrating
type occurs at a relatively young age compared to the general population. Typically, HFS
is reported to be more prevalent in those in their 40s and 50s [16,17]. Similarly, when
analyzing all 4755 of our cases, the median patient age was 53 years old (range: 17–75),
and the median age of the eight patients with the penetrating type was 41.5 years (range:
23–67). This has the clinical implication that symptoms occur at a younger age in the case
of penetrating offenders (Table 4). It is conceivable that the symptoms occur at a younger
age because the causative vessels (mostly the AICA) directly irritate the facial nerve. It is
also possible that if the facial nerve is separated, myelination is less well developed than if
it is not separated. Reports of duplication of the facial nerve in the mastoid segment or its
distal part are rare in the ENT department [18–20], but there are few reports of duplication
in the intracranial portion from the root exit zone of the facial nerve to the entry point of
the IAC; therefore, further anatomic and pathologic studies are required.

Table 4. Factors correlating with penetrating offenders and hemifacial spasm.

Factor Univariate (p-Values) Multivariate (p-Values)

Sex (female) 0.213 0.258
Age 0.038 0.052

Lesion side (Right) 0.439 0.435
Symptom duration 1.000 0.621

Hospital days 0.808 0.694

In general, the same trend is seen in our 4755 cases; the AICA is the most common
offending vessel for HFS, whereas the second most common is the PICA, followed by
the AICA and other vessel compressions in conjunction (see Table 1) [12,21]. The PICA
originates in the VA and emerges from the ventral to the dorsal side of the brain stem,
usually at the level of the lower cranial nerves (at the 9th, 10th, and 11th cranial nerves),
forming a hairpin structure (caudal loop) downward [21,22]. Therefore, while it is possible
for a vessel to loop and compress the root exit zone of the facial nerve or encircle the facial
nerve, it is structurally difficult for the vessel to pass through the facial nerve. In the cases
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examined in this study, only one out of the eight (12.5%) showed penetration by the PICA,
and almost all of them showed penetration by the AICA (87.5%) (see Table 3). The facioau-
ditory primordium, the origin of the facial nerve, appears in the third week of gestation. It
then splits into two sections at the end of the fourth week and is complete by the fifth or
sixth week of gestation [15,23]. The AICA begins to develop later, in the gestational fourth
or fifth month, when the facial nerve is already fairly well-developed [15,24]. Therefore,
facial nerve penetration by the artery is thought to occur as the facial nerve attempts to
pass through the divergence that appears after 5–6 weeks of gestation.

In all patients, we attempted complete decompression in all directions and a
360-degree inspection in all patients, as in the illustrative case. First, check for space
in the perforating artery and facial nerves with a micro-dissector or micro-bayonet forceps.
Then, carefully dissect, and, when space is made, put small Teflon felt in there to first
decompress. Next, we decompressed in all possible directions (Figure 4a–c). Decompress-
ing the location between the facial nerve and penetrating vessels was associated with a
very low probability of postoperative facial palsy. In one case, we decompressed only
the medial side in a patient presenting a difficult dissection. As the LSR improved when
the medial side was decompressed in this patient, the lateral side, which was difficult to
meticulous dissection and presented a high risk of facial nerve injury upon dissection, was
left untreated, and the operation was terminated. Postoperatively, the facial spasm had
been resolved. In another case, the fascicle of the facial nerves was divided into 90% and
10% divisions by a penetrating PICA. In this patient, decompression of the thin side of
the divided nerve fascicle was not possible. We first stimulated the thin nerve fascicle
with a direct nerve stimulator to check the facial muscle response, which showed a small
response by the orbicularis oris muscle. The thin fascicle that could not be decompressed
and dissected was then excised, and the neurovascular compression between the large
fascicle and the offending vessel was decompressed with Teflon felt. Immediately after
decompression, the LSR disappeared. After the surgery, facial spasms remained at 10–20%
compared with preoperative conditions; notably, there was no postoperative facial palsy.
The absence of facial palsy despite the resection of a portion of the facial nerve in this
patient was thought to be related to the innervation of the distal branch of the facial nerve.
The facial nerve has five branches, namely, the temporal, zygomatic, buccal, marginal, and
cervical branches, each of which is known to have interconnections, and these connections
vary considerably [25–28]. In addition, several studies have shown that facial nerve is
anatomically connected to the trigeminal nerve [25,27–31], vestibulocochlear nerve [25,32],
glossopharyngeal nerve [25,33], and vagus nerve [25], as well as the cervical plexus [25,34].
In particular, there are numerous interconnections and variations between the zygomatic
and buccal branches of the facial nerve, which can confound LSR measurements; we have
previously published a paper on how to measure LSR in this context [26]. As the orbicularis
oris muscle is often innervated by both the zygomatic and buccal branches, we consider
that facial palsy did not occur despite the partial resection of the nerve fascicle during the
operation. Maximal decompression using Teflon felt placed between the penetrating vessel
and the facial nerve was performed in all eight patients, as mentioned, and attempted
decompression in all compression sites. One patient developed postoperative facial palsy
that was classified as House–Brackmann grade II, but the other seven patients exhibited no
facial palsy and had good prognoses regarding postoperative facial spasm (see Table 3).
Therefore, even if the artery were going through the facial nerve, it is considered necessary
to actively dissect and decompress it. Yet, the most important thing we and other very
experienced surgeons of more than 4000 cases emphasize is to check the neurovascular
conflict completely, it is important to check the full inspection of facial nerve and entire
360 degrees of REZ if possible [35]. Also, even if you encounter a perforating artery, you
should look for offenders in the REZ. This is because MVD of HFS is not an emergency
surgery, but a functional neurosurgery, and it is recommended to decompress all offenders
safely.
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There is also a nervus intermedius that can be confused with a split in the facial
nerve. The nervus intermedius was first identified in 1563; it was first named “portio
media intercommunicantem faciei et nervum auditorium” in 1777 by Heinrich August
Wrisberg [36,37]. The nervus intermedius is thus named because it is located between the
facial nerve and the superior portion of the vestibular cochlear nerve [37,38]. The nervus
intermedius carries parasympathetic nerve fibers to the nasopalatine and lacrimal glands,
conducting sensory information from facial areas such as the concha of the ear and the
nose [37–41]. Irritation of the nervus intermedius can cause geniculate neuralgia, which
is expressed as intermittent but severe sharp pains deep in the ear, accompanied by the
disruption of salivation, the sense of taste, and lacrimation [42]. Geniculate neuralgia
can also be caused by neurovascular compression, which is an indicator of the need for
MVD surgery. Lovely and Jannetta reported on 14 cases of MVD surgery in patients with
geniculate neuralgia [43]. In their paper, they reported that vascular compression of the
nervus intermedius was present in the surgical findings and correlated with symptoms
such as deep ear pain [43]. In surgical findings that appear to show a perforating offender,
it is possible to differentiate between the perforating offender and the nervus intermedius
by tracing the entire course of the facial nerve. It may be helpful to perform direct nerve
stimulation to check the response of the facial muscles. As mentioned above, the nervus
intermedius is mainly a sensory nerve; when stimulated, it manifests as ear pain [38], rather
than as a facial muscle response. It is also thought to be helpful in the differentiation of
preoperative symptoms.

A limitation of this study is the small cohort of eight cases. This refers to 8 out of
4755 cases, so a very small probability of 0.2%. This means that the chances of actually
encountering a perforating offender during MVD surgery are very low. In addition, this
study was based on data regarding the experiences of a single surgeon, and it was not
possible to compare the findings with results from other institutions. This is because there
are few reports regarding HFS with a perforating offender that are available from other
institutions. However, this limitation also means that our surgical method can act as a
reference for the operation. As more data are accumulated from continuing MVD surgeries,
in the future, we expect to analyze the prognoses and casual factors in a large series.

5. Conclusions

In as little as 0.2% of the 4755 cases examined in this study, offenders of the penetrating
type are very rare, but they do exist. Cases of penetrating offenders in the context of HFS
have been reported very rarely, and there is no established policy for decompression. In
our experience, when the penetrating offender and the facial nerve fascicle are delicately
dissected and decompressed using a small piece of Teflon felt, the facial spasm is resolved,
and the likelihood of postoperative facial palsy is very low. In the case where it was
necessary to cut a minor portion of a facial nerve that was difficult to decompress, it was
found that the patient recovered without exhibiting facial palsy.

The statistical analysis of the factors involved showed that such patients were treated
at a relatively young age compared to the general age of HFS patients. For this reason, in
HFS cases at a relatively young age, when the offending vessels in the root exit zone are
unclear on an MRI scan, it is advisable to consider the possibility that the offending vessel
is of the penetrating type. In addition, if encountering a penetrating offender during MVD
surgery, it is recommended that the surgeon should not hesitate but instead conduct careful
dissection and complete decompression.
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