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Introduction

Burning mouth syndrome (BMS) is a multifactorial disease characterized by chronic persistent oral mucosa pain with normal clinical appearance, biological investigations, and sensory testing (International Classification of Orofacial Pain, 1st edition (ICOP), 2020). The International Headache Society defined it as “an intraoral burning or dysaesthetic sensation, recurring daily for more than 2 hours/day over more than three months” (International Headache Society, 2018). Additional clinical terms used are glossodynia, glossopyrosis, oral dysesthesia, stomatopyrosis, stomatodynia, primary burning mouth syndrome and lately burning mouth disease (Van, 2021). The disorder previously named secondary BMS has a local or systemic cause, so it is excluded from BMS (International Classification of Orofacial Pain, 1st edition (ICOP), 2020).

The prevalence of BMS varies in epidemiological studies between 1.73% in the general population and almost 8% in clinical patients, most likely affecting postmenopausal women over 50 years (Wu et al., 2021). The reported gender differences ratio of 3:1 more women to males can be accounted by biological, psychological, and behavioral causes (Wu et al., 2021).

BMS symptoms usually appear in the morning, grow during the day and, reach their peak evening (Grushka et al., 2002). In the last decades, BMS has been associated with persistent anxiety or depression (Forssell et al., 2002; Scala et al., 2003) and hormonal changes mainly menopause-related (Khan et al., 2014).

As the diagnostic and therapeutic approach of BMS raises difficulties, the neuropathic peripheral and central pathophysiological mechanisms gain more ground compared to psychological disorders (Orliaguet and Misery, 2021). The absence of direct damage signs to the somatosensory nervous system in BMS promotes the idea of its dysfunction and in the brain network (Carreño-Hernández et al., 2021). Furthermore, BMS shares several characteristics with other chronic primary pain conditions in terms of nociplastic pain (pain in the symptomatic areas, and may be accompanied by sensitized pain perception—allodynia or hyperalgesia) (Imamura et al., 2020).

The higher prevalence of BMS in postmenopausal women and the significant increased expression of transient receptor potential vanilloid 1 (TRPV1) detected in BMS epithelium are arguments for estrogen implications (Seol and Chung, 2022). TRPV1 is a nociceptive receptor modulated by estrogen and considered a chronic pain mediator. Estrogen has a two-hit effect on TRPV1: increased estrogen upregulates TRPV1 and deficient estrogen downregulates nerve growth factor which increases TRPV1 (Nagamine, 2022). These interactions explain the gender association, pain perception and could be targeted by therapies.

The BMS related neural peripheral conditions are abnormalities of the small A taste afferents or peripheral trigeminal nerves or lower nerve density or chorda tympani hypofunction (Eliav et al., 2007; Orliaguet and Misery, 2021). These features recommended the use of functional Magnetic Resonance Imaging (fMRI) for diagnosis and stratification, given the limited capacity that has been demonstrated in most somatic and psychological investigations.

Recent advances in neuroimaging by non-invasive measurements accurately decode a human's conscious experience based on brain activity. As in the visual field perception, this “brain reading” helps to reveal how individual experiences are coded, the same approach to other types of mental states can be done (Logothetis, 2008).

To date, there are few studies analyzing fMRI in both BMS patients and healthy individuals with slightly different results (Albuquerque et al., 2006; Tan et al., 2019; Kurokawa et al., 2021).

In this brief opinion article, we focus on the use of fMRI application in burning mouth syndrome as a major milestone for an enigmatic, multifactorial disease.



Functional brain imaging by magnetic resonance imaging

fMRI visualizes cortical activity by spatially specific hemodynamics (alterations of the blood flow) and neurovascular connectivity. Based on the imaging of calcium concentrations, it detects signals that reflect neuronal activity (Jasanoff, 2007). The mechanisms used are the blood oxygenation level-dependent effect, measurement of cerebral blood flow changes with arterial spin labeling, intravoxel incoherent motion, and cerebral blood volume alterations (Harel et al., 2006).

The fMRI scan enables the evaluation of sensory processing or action controls, as well as the neural mechanisms of recognition and memory. The fMRI studies based on the hemodynamic response explore both functional and cognitive topographic segregation associated with tasks or cognitive stimuli (Logothetis, 2008).



Central neurologic aspects and fMRI in burning mouth syndrome

The pain-responsive cerebral matrix comprises the somatosensory areas which include insula, thalamus, anterior cingulate cortex, prefrontal area, and the associated areas. These are the primary and supplementary motor areas, posterior parietal area, posterior cingulate cortex, basal ganglia, hypothalamus, amygdala, cerebellar peduncle nuclei, and periaqueductal gray matter (Kurokawa et al., 2021). Measuring brain function in BMS patients and controls brings some insight into their brain activity. The main results of nine fMRI studies for BMS patients are presented in Supplementary Table 1. All these studies include a relatively small number of patients leading to limited conclusions.

Decoding the fMRI changes in 26 BMS patients compared to 27 controls, Tan et al. reported decreased gray matter volume (GMV) in the bilateral ventromedial prefrontal cortex (VMPFC) accompanied by an enhanced functional connectivity between this area and the bilateral amygdala. BMS patients had higher depression and anxiety levels and the lower GMV was inversely correlated with the severity of BMS. The same authors also indicated that the levels of functional connectivity between the bilateral VMPFC and amygdala seem to be in connection with the BMS duration (Tan et al., 2019).

Albuquerque and collaborators revealed variations in location and extent of brain activation between BMS female patients compared to a control group during thermal painful stimulation. Patients with BMS showed less volumetric activation throughout the entire brain and greater fractional signal changes of the right anterior cingulate cortex and bilateral precuneus. The cerebellum, left lingual gyrus, right precentral gyrus, bilateral thalamus, and right middle frontal gyrus displayed larger fractional signal changes in the control group (Albuquerque et al., 2006).

Khan et al. observed in 9 BMS patients a higher GMV and lower fractional anisotropy in the right hippocampus and a lower GMV in the medial prefrontal cortex (mPFC). In different states of pain/burning, increased functional connectivity patterns were found between mPFC and anterior cingulate cortex, occipital cortex, VMPFC and bilateral hippocampus/amygdala in the afternoon compared with the morning session (Khan et al., 2014).

Another study examined the structural changes in idiopathic BMS patients compared to dysgeusic patients and healthy subjects (Sinding et al., 2016). Anterior and posterior cingulate gyrus, lobules of the cerebellum, insula/frontal operculum, inferior temporal area, primary motor cortex, and dorsolateral prefrontal cortex were identified as the six affected regions of the eight investigated. Pain intensity was found to correlate with GMV in the anterior cingulate gyrus, the cerebellum lobules, the inferior temporal lobe, and the dorsolateral prefrontal cortex. Changes in GMV were observed also in dysgeusic patients, but in different brain areas (Sinding et al., 2016).

Shinozaki et al. noticed that BMS patients showed a greater number of significantly activated areas during the palm stimulation, including the left S2 cortex, left dorsolateral prefrontal cortex, left insula, left visual cortex, right posterior cingulate cortex, hippocampus, parahippocampal gyrus, cerebellum. Moreover, the lip noxious stimulation detected significantly greater activation of the left premotor cortex, left orbitofrontal cortex, mPFC, left dorsolateral prefrontal cortex, left anterior cingulate cortex, left insula, bilateral visual cortex, left caudate nucleus, and midbrain in BMS patients (Shinozaki et al., 2016).

Comparing 14 BMS patients with 14 controls, Wada et al. found that the bilateral rostral anterior cingulate cortex, the right medial orbitofrontal cortex, and the left pars orbitalis which belongs to the medial pain system, had significantly different local brain connectivity in BMS brain. Moreover, a deeper connection of the anterior cingulate cortex and mPFC with the basal ganglia, thalamus, and brain stem was observed, without differences in the somatic sensory cortex (Wada et al., 2017).

In a study comparing 27 BMS patients to 21 controls all exposed to angry facial expressions, the BMS group exhibited higher tactile ratings and greater activation in the postcentral gyrus during the presentation of tactile stimuli (Yoshino et al., 2017). In both groups the changes in brain activity elicited by angry facial images positively correlated with the changes in tactile rating scores (Yoshino et al., 2017).

Investigation of the pain modulating system to a continuous hot stimulus in 15 BMS patients and 15 controls found that in BMS this system is dysregulated and highly sensitized to pain derived from the trigeminal system. During palm stimulation, the brain regions with higher activation in BMS patients included the somatosensory areas visual cortex, cerebral limbic system, and cerebellum. During lip stimulation, the higher activation regions were the motor-related areas, cognito-affective areas, visual cortex, caudate nucleus, and midbrain (Kohashi et al., 2020).

Regarding the structural connectivity, not all the studies had convergent results. Kurokawa et al. showed that the betweenness centrality was significantly increased in the left insula, right amygdala, and right lateral orbitofrontal cortex and significantly decreased in the right inferotemporal cortex in BMS patients compare to healthy individuals (Kurokawa et al., 2021).



Discussion

Significant differences were found between activation patterns of BMS patients and the control group in the anterior cingulate gyrus (ACC), bilateral thalamus, left lingual gyrus, bilateral precuneus, right middle frontal gyrus, right pre-central gyrus, and right inferior semilunar lobule of the cerebellum (Albuquerque et al., 2006). In BMS patients a strengthened connection of the anterior cingulate cortex and mPFC with the basal ganglia, thalamus, and brain stem was observed (Wada et al., 2017).

ACC is part of the limbic system and it is connected among other structures, with the orbitofrontal cortex, the amygdala, the parahippocampal gyrus, and with the rostral superior temporal gyrus and is associated with emotional aspects of pain sense such as evocation, choice of response, foresight, and avoidance of pain stimuli (reward value) (Rolls, 2019). Also, the cingulate cortex appeared to be specifically involved in trigeminal pain processing/modulation (Fuchs et al., 2014).

BMS patients had also increased brain GMV and lower white matter fractional anisotropy in the hippocampus and decreased GMV in mPFC (Khan et al., 2014; Tan et al., 2019). The neural mechanisms of chronic pain create an imbalance in brain regions by increasing the connectivity to salience networks and decreased connectivity to default mode networks (Kim, 2020). Decreased GMV in mPFC has been reported in a number of conditions characterized by chronic pain such as back pain, trigeminal neuralgia, temporomandibular disorder, functional dyspepsia, and also in depression and anxiety (Ong et al., 2019). Region of interest analysis suggested that the functional connectivity between the bilateral mPFC and amygdala correlated with the years of BMS (Tan et al., 2019).

fMRI data also suggests that the thalamus is hypoactive in BMS patients compared to healthy controls, a feature described in other patients with chronic pain (Khan et al., 2014), probably as a result of persistent, spontaneous chronic pain input.

These features in BMS patients emphasize that the pain modulating system is dysregulated similar to those of the patients with other neuropathic pain conditions (trigeminal neuralgia, temporomandibular disorders, herpes simplex recurrent infections, etc.) and that the brain is highly sensitized to pain information from the trigeminal system.

Nevertheless, it is significant to note that gender differences were found in the structural and functional anatomy of young adults brains: females exhibit greater GMV values, superior regional homogeneity, and stronger functional connections than males (Zhang et al., 2020). Despite this, BMS is not frequently found in young females.

In interpreting the results of the presented studies, we must take into account their limitations, such as different methods of data acquisition, processing, and analysis, low number of investigated subjects, gender disproportion of the individuals, psychophysical differences between patients and controls or insufficient psyhological evaluations, the effects of medication in BMS patients, etc.

However, although fMRI is an expensive and less accessible method, it is emerging as a useful tool in the research, diagnosis, and stratification of patients with BMS, facilitating the use of accurate therapeutic strategies.

That being said, there is a need for further studies, with a larger number of patients and in better controlled and standardized conditions.
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