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Abstract: Burning mouth syndrome (BMS) is characterized by oral burning or painful sensations without 

pathological changes; its real cause is unknown.  We previously reported that autonomic lability was probably 

associated with the pathogenesis of BMS based on the results of frequency analysis of heart rate variability 

(HRV).  HRV is composed of time and frequency domains, although the significance of the time-domain 

measurements of HRV in BMS has not been discussed.  In this study we assessed the significance of the time-

domain measurements, particularly in relation to autonomic lability.  Twenty-two patients received stellate 

ganglion near-infrared irradiation (SGR), and the response to SGR was examined by time-domain 

measurements.  No significant difference in the time domain was found between patients in whom SGR was 

effective and those in whom SGR was ineffective for BMS.  We proposed several new parameters that were 

defined as the differences in previously established parameters between just before and after irradiation.  Two 

of these parameters, the differential mean heart rate (D Mean HRT) and differential root mean square of 

successive NN interval differences (D RMSSD), reflected the relieving effects of SGR.  The time-domain 

measurements revealed that autonomic lability, particularly parasympathetic modulation, was associated with 

BMS, because the parameters are considered indicative of parasympathetic responsiveness to SGR.  Therefore, 

time-domain measurements are very useful for follow-up of BMS and for determination of the therapeutic 

efficacy of SGR.   
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I. Introduction 
Burning mouth syndrome (BMS) is mainly characterized by oral burning or painful sensations without 

significant pathological changes in the oral mucosa [1-3].  The factors related to BMS are generally considered 

to be aging, postmenopausal climacteric disorders, oral dryness, vitamin deficiency, anemia, drugs, and 

psychosocial disorders [4]; a relationship between BMS and the function of the autonomic nervous system 

(ANS) has also been pointed out recently [5].  Heart rate variability (HRV) is a phenomenon of pulse-to-pulse 

variations in pulse rate and reflects ANS functions: sympathetic and parasympathetic activities [6,7].  HRV is a 

kind of biosignal for ANS functions; its analysis is useful to assess autonomic activity and to diagnose 

autonomic neuropathy [7-11].  We previously experienced a rare case of BMS induced by stress during dental 

therapy and monitored by HRV analysis; the HRV parameters indexing autonomic activity were well correlated 

with the appearance of BMS [12].  In addition, we found that the diverse autonomic responses to stellate 

ganglion near-infrared irradiation (SGR) between BMS patients were related to the possibility of remission of 

symptoms [13].  In our previous study, we proposed several new parameters: the differential normalized low-

frequency (D LF norm), differential normalized high-frequency (D HF norm), and differential low-

frequency/high-frequency ratio (D LF/HF).  These were respectively originated from the frequency-domain 

parameters of HRV: normalized low-frequency (LF norm), normalized high-frequency (HF norm), and low-

frequency/high-frequency ratio (LF/HF) [13], which are generally used as indices of sympathetic activity, 

parasympathetic activity, and autonomic balance, respectively [14-16].  Our proposed parameters were 

considered indices of autonomic responsiveness, since they were defined as the deference in the original 

parameters between just before and after stimuli such as SGR [13].  Our proposed parameters were shown to 

reflect the relieving effects of SGR on BMS, that is, D LF norm and D LF/HF decreased, while D HF norm 

increased along with the amelioration of symptoms [13].  We suggested that the nature of BMS, that is, not 
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autonomic imbalance but autonomic lability, played an important role in the pathogenic and healing process of 

BMS [13].  HRV is composed of time and frequency domains [7], and the relationship between the frequency 

domain and chronic pain has been widely investigated.  On the other hand, the relationship between the time 

domain and chronic pain has rarely been discussed in the field of chronic pain, even though the time domain is 

the first parameter used and the simplest means of calculating HRV [7].  In this study, we investigated whether 

the time domain of HRV could explain the autonomic lability in BMS; for this purpose, we assessed the 

significance of the time-domain measurements of HRV in BMS.   

 

II. Methods 
The study was approved by an Institutional Review Board, Medical Ethics Committee of Tokushima 

University Hospital.  All patients provided their informed consent after a full explanation of all procedures and 

were recruited for this study.   

 

Patient selection 

Patients attended the Department of Oral Medicine, Tokushima University Hospital, from January 

2010 to December 2012 and were diagnosed as BMS according to the following criteria: 1) presence of pain or a 

burning sensation on the surface of the tongue; 2) absence of local or systemic disease related to the above 

tongue symptoms, such as candidiasis, xerostomia, glossitis, anemia, neuralgia, diabetes mellitus, and referred 

pain from dentalgia; 3) absence of somatization of a psychiatric disorder; and 4) absence of pain medication.   

 

Stellate ganglion near-infrared irradiation and time-domain measurements of heart rate variability 

All patients received SGR under the following conditions: power of 5.0 W, pulse irradiation, duration 

of 3 min, and once a week for 10 weeks.  The response to SGR was examined by time-domain measurements of 

HRV just before and after every irradiation, and evaluated with a visual analogue scale (VAS: 0-100 mm) 

representing glossalgia intensity.  An irradiation device (SUPER LIZER PX Type 2; Tokyo Iken Co. Ltd., 

Tokyo, Japan) and HRV analyzer (SA-3000P; Tokyo Iken Co. Ltd.) were used for the SGR and HRV analysis, 

respectively.  The HRV analyzer resembles a pulse oxymeter and analyzes pulse-to-pulse variations in pulse rate 

by a built-in HRV analyzing system; it enables rapid and accurate measurements of autonomic activity without 

subjecting patients to any stress.  The relieving effects of SGR were assessed for the first and second half of the 

total treatment period, with each half consisting of 5 treatments in 5 weeks.  The 1st and 2nd VAS values were 

thus the mean values of VAS in each period.  Complete response (CR), partial response (PR), no change (NC), 

or progressive disease (PD) was defined as a 100%, ≧50%, <50%, or ≦0% decrease in the 2nd VAS value 

compared to the 1st one, respectively.  In addition, cases of CR and PR, and those of NC and PR, were defined 

as effective and ineffective, respectively.   

The following time-domain HRV variables were obtained from the variation in the beat-to-beat interval 

[7]: the mean heart rate (Mean HRT), standard deviation of all NN intervals (SDNN), root mean square of 

successive NN interval differences (RMSSD), and physical stress index (PSI).  Approximate entropy (ApEn) 

was also measured as a nonlinear index.   

The following parameters were newly proposed: the differential mean heart rate (D Mean HRT), 

differential standard deviation of all NN intervals (D SDNN), differential root mean square of successive NN 

interval differences (D RMSSD), differential physical stress index (D PSI), and differential approximate entropy 

(D ApEn).  D Mean HRT was defined as the differential between the Mean HRT values just before and after 

irradiation.  D SDNN, D RMSSD, D PSI, and D ApEn were defined as indices of responsiveness to SGR as well 

as D Mean HRT.   

 

Statistical analysis 

Statistical analyses were carried using Excel-Toukei 2010 (Social Survey Research Information Co. Ltd., 

Tokyo, Japan) and the paired Student’s t-test for intergroup comparisons or unpaired Student’s t-test for within-

group comparisons.  A value of P<0.05 was considered statistically significant.   

  

III. Results 
Table 1 shows all selected patients with BMS.  Patients were 22 Japanese females; their age ranged of 

from 45 to 82 years old, with an average of 64.8 years old.  They all complained about night pain but did not 

suffer from distinct allodynia or hyperalgesia.   

Figure 1 shows the time course of the VAS values.  In 9 patients (40.9%), SGR was judged to be 

effective based on the differential between the 1st and 2nd VAS values, as shown in Figure 2.   

Table 2 shows the scores of the time-domain HRV variables and nonlinear index during SGR.  The 

mean value is shown for each parameter: the Mean HRT, SDNN, RMSSD, PSI, and ApEn.  No significant 

differences in any of variables were found within the groups or between the groups.   
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Table 1 Clinical characteristics and results of SGR in the 22 patients of the series 

 
 

AP, angina pectoris; CG, chronic gastritis; CR, complete response; GU, gastric ulcer; HL, hyperlipidemia, HT, 

Hypertension; NA, nasal allergy; NC, no change; NP, no particular; PD, progressive disease; PR, partial response; RA, 

rheumatoid arthritis; SCS, spinal canal stenosis; SD, sudden deafness; SGR, stellate ganglion near-infrared irradiation; Spont, 

spontaneous.  Glossalgia duration was expressed in months.  Glossalgia severity was excerpted from the standard long-form 

McGill Pain Questionnaire.   
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Figure 1 Time course of VAS values.  VAS, visual analogue scale; 1st half, the 1st half of the treatment period; 

2nd half, the 2nd half of the treatment period. 

 

 
Figure 2 Results of SGR.  SGR, stellate ganglion near-infrared irradiation; CR, complete response; PR, partial 

response; NC, no change; PD, progressive disease. 
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Table 2 Scores of time-domain HRV variables during SGR 

 

 

 

 

 

 

 

 

 

 

 

 

 
Scores are the mean values of time-domain HRV variables: Mean HRT, SDNN, RMSSD, PSI and ApEn.  No 

significant difference in each variable was found within the groups and between the groups.  HRV, heart rate variability; 

SGR, stellate ganglion near-infrared irradiation.  11st half of the treatment period, 22nd half of the treatment period, 3Mean 

heart rate, 4Standard deviation of all NN intervals, 5Root mean square of successive NN interval differences, 6Physical stress 

index, 7Approximate entropy.   

 

Table 3 Scores of differential time-domain HRV variables during SGR 

 

 

 

 

 

 

 

 

 

 

 

 

 
Scores are the mean values of differential time-domain HRV variables: D Mean HRT, D SDNN, D RMSSD, D 

PSI and D ApEn.  *Significantly different (P<0.05) within the group.  †Significantly different (P<0.05) between the groups.  

HRV, heart rate variability; SGR, stellate ganglion near-infrared irradiation.  11st half of the treatment period, 22nd half of 

the treatment period, 3Differential mean heart rate, 4Differential standard deviation of all NN intervals, 5Differential root 

mean square of successive NN interval differences, 6Differential physical stress index, 7Differential approximate entropy.   

 

Table 3 shows the scores of the differential time-domain HRV variables and nonlinear index during 

SGR.  The mean value is shown for each parameter: the D Mean HRT, D SDNN, D RMSSD, D PSI, and D 

ApEn.  The mean value of the 1st D Mean HRT, representing the mean value of D Mean HRT of the 1st half of 

the treatment period, was -0.8 ± 1.2 bpm, whereas that of the 2nd one was -1.8 ± 1.3 bpm in the effective group.  

The mean value of the 1st D Mean HRT was significantly higher (p<0.05) than that of the 2nd one.  The mean 

value of the 1st D RMSSD, representing the mean value of D RMSSD of the 1st half of the treatment period, 

was -0.39 ± 4.70 ms, whereas that of the 2nd one was 2.89 ± 3.68 ms in the effective group.  The mean value of 

the 1st D RMSSD was significantly lower (p<0.05) than that of the 2nd one.  On the other hand, the mean value 

of the 2nd D RMSSD was -0.82 ± 4.08 ms in the ineffective group; the mean value of the 2nd D RMSSD in the 

effective group was significantly higher (p<0.05) than that in the ineffective group.   

Figure 3 shows the time courses of D Mean HRT in the effective group.  The mean value of the 1st D 

Mean HRT was -0.8 ± 1.2 bpm, whereas that of the 2nd one was -1.8 ± 1.3 bpm.  The mean value of the 1st D 

Mean HRT was significantly higher (p<0.05) than that of the 2nd one.   

Figures 4A and 4B show the time courses of D RMSSD in the effective group and the ineffective group, 

respectively.  The mean value of the 1st D RMSSD in the effective group was -0.39 ± 4.70 ms, whereas the 

mean value of the 2nd one was 2.89 ± 3.68 ms.  The mean value of the 1st D RMSSD was significantly lower  

(p<0.05) than that of the 2nd one.  In the ineffective group, the mean value of the 1st D RMSSD was 0.16 ± 3.12 

ms, whereas the mean value of the 2nd D RMSSD was -0.82 ± 4.08 ms; no significant difference in either  

variable was found within the group.  On the other hand, the mean value of the 2nd D RMSSD in the effective 

group was significantly higher (p<0.05) than that in the ineffective group.   
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Figure 3 Time course of D Mean HRT in the effective group.  D Mean HRT, differential mean heart rate; 1st 

half, the 1st half of the treatment period; 2nd half, the 2nd half of the treatment period. 

 

IV. Discussion 
We found that the newly proposed parameters in the time domain, notably D Mean HRT and D 

RMSSD, as indices of parasympathetic responsiveness to SGR revealed autonomic lability, particularly 

parasympathetic modulation associated with BMS.   

The time domain, which is one of the components of HRV, consists of the Mean HRT, SDNN, 

RMSSD, PSI, ApEn, and so on; its relation to pain has been sporadically reported as described below.  The heart 

rate, from which the Mean HRT is obtained, is determined by a complex interplay of sympathetic and HRT is 

extensively utilized for the index how ANS, particularly parasympathetic nerve, responds to nociceptive stimuli 

[19-27], and has been reported to be increased by acute pain [28].  SDNN is indicative of autonomic 

dysregulation and is used as an index of the ability to adjust autonomic balance [29].  Stressful conditions, e.g., 

acute pain, have been shown not to affect SDNN [28,30,31].  RMSSD is indexing parasympathetic activity 

[29,32].  Following nociceptive stimuli such as cold pressor test and acute pain, decreases in RMSSD and HF 

parasympathetic activities, and is under the tonic inhibitory control of parasympathetic activity [17,18].  

Mean norm are observed concurrently [32,33], and RMSSD is considered to correlate highly with HF norm [34].  

These and other studies provided considerable evidence that acute pain decreases parasympathetic activity [35-

37].  On the other hand, RMSSD and HF norm have not been significantly related to pain rating in sporadic 

reports [32,38].  PSI reflects load and pressure on the heart and is based on SDNN and Mean HRT.  When Mean 

HRT increases and SDNN decreases under stimuli, PSI is recognized to increase.  ApEn has recently been 

introduced to estimate the complexity of HRV and irregularity within a series of pulses [39-41]; lower values of 

ApEn indicate a regular signal [39,42].  The measurements of ApEn enable detection of stress conditions [43].  

In this study, neither time domain: Mean HRT, SDNN, RMSSD, PSI, or ApEn, was significantly related to 

relieving effects of SGR, as shown in Table 2.  On the other hand, a significant difference in the time domain 

concerning D RMSSD was found between SGR effective and ineffective BMS, as shown in Table 3.  

Furthermore, significant change of the time domain concerning D Mean HRT and D RMSSD was found during 

irradiation in SGR effective BMS, as shown in Table 3.  Given that D Mean HRT and D RMSSD are related to 

parasympathetic activity, and that they are defined as the deferential of the original parameters between just 

before and after stimuli such as SGR, we suggest that autonomic lability, particularly its parasympathetic 

component, plays an important role in the pathogenic and healing process of BMS.  Our findings correspond to 

a previous report in which BMS patients were found to have decreased parasympathetic activity rather than 

increased sympathetic activity [44].  Meanwhile, in our previous study, D LF norm, D HF norm, and D LF/HF 

were shown to reflect relieving effects of SGR on BMS [13].  The change in the parameters suggests a 

correction of abnormally increased sympathetic or decreased parasympathetic activity.   
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Figure 4 Time course of D RMSSD.  A: effective group, B: ineffective group.  D RMSSD, differential root 

mean square of successive NN interval differences; 1st half, the 1st half of the treatment period; 2nd half, the 

2nd half of the treatment period. 

 

SGR is considered to reduce abnormally increased sympathetic activity associated with BMS as well as stellate 

ganglion block (SGB) [5].  Given the functional mechanism of SGR described above, the change in the 

parameters may suggest that SGR ameliorate the sympathetic abnormalities in BMS patients.  However, this 

theory conflicts with the results of this study: that is, we found that autonomic lability, particularly its 

parasympathetic component, plays an important role in the pathogenic and healing process of BMS.  However, 

the conflicts between the studies could be resolved, if either comparative parasympathetic activation or 

secondary parasympathetic change after SGR were verified.  Therefore, further investigations will be needed to 

clarify the functional mechanism of SGR and the relationship between autonomic lability and the healing 

process of BMS.  We experienced two types of BMS, that is, SGR effective and ineffective BMS; the difference 

in the efficacy between the two types was considered to be related to the theory that autonomic lability plays an 

important role in the pathogenic and healing process of BMS [13].  This is because the difference between the 

two types of BMS could be explained by using our proposed parameters, which are indices of autonomic 

responsiveness.  In the case of SGR ineffective BMS, the failure of SGR to exert an effect on BMS, or to change 

the parameters, was thought to possibly involve low reactivity to SGR, unirradiated stellate ganglion, non-

autonomic BMS, and so on.  One of the strategies for improving low reactivity to SGR is to review the 
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irradiation conditions, including the irradiation power, duration, and frequency; this strategy may help to 

enhance the reactivity to SGR.  Another strategy is to select SGB instead of SGR.  The potency of SGR on ANS 

is thought to be lower than that of SGB because SGR incompletely blocks stellate ganglions.  In fact, no patient 

who received SGR had distinct signs or symptoms suggestive of Horner’s syndrome during irradiation.  The 

current method of SGR is to start with detection of the 7th cervical transverse process on palpation, followed by 

irradiation around this area.  Therefore, it is reluctantly acceptable to regard the current SGR as blind irradiation.  

One of the solutions to the problem of unirradiated stellate ganglions may be to develop a navigation system to 

assist in accurate irradiation; such a navigation system could ensure irradiation to the stellate ganglion.  In the 

case of non-autonomic BMS, the solution could be to develop a new diagnostic procedure to identify the real 

causes of BMS apart from autonomic disorder, and to select an appropriate treatment for this pathological 

condition.   

In conclusion, we found that our newly proposed parameters in the time domain, notably D Mean HRT 

and D RMSSD, were related to relieving effects of SGR.  Based on these findings, we suggested that autonomic 

lability, particularly parasympathetic modulation associated with BMS, plays an important role in the 

pathogenic and healing process of BMS, because the parameters are considered indicative of parasympathetic 

responsiveness to SGR.  Therefore, time-domain measurements of HRV in BMS are very useful in follow-up of 

BMS and for determination of the therapeutic efficacy of SGR.   

 

V. Conclusions 
The newly proposed parameters in the time domain, notably D Mean HRT and D RMSSD, were 

related to the relieving effects of SGR.  Autonomic lability, particularly parasympathetic modulation associated 

with BMS, may play an important role in the pathogenic and healing process of BMS, because the parameters 

are considered indicative of parasympathetic responsiveness to SGR.  Therefore, time-domain measurements of 

HRV in BMS are very useful in follow-up of BMS and for determination of the therapeutic efficacy of SGR.   
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