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Heart Rate Variability Biofeedback in the Management of TMD and Bruxism: Case

Report
David Cheng, DDS, BA, FAGD, FICOI

Dental Studio & Whitening Spa, Vancouver, British Columbia, Canada

ABSTRACT

Background: Sleep bruxism (SB) and temporomandibular dysfunction (TMD) are frequently managed
with oral orthotic occlusal devices (OOOD). While these devices protect the teeth, they do not address the
underlying autonomic or physiological contributors to SB and TMD. In patients with comorbid obstruc-
tive sleep apnea (OSA), OOOD may even be contraindicated, and their overall clinical efficacy remains
uncertain.

Case Presentation: A 34-year-old male presented with jaw and temporomandibular joint (TMJ) pain,
sleep bruxism, and chronic headaches persisting for over 20 years. He also experienced frequent noctur-
nal awakenings (four nightly) and symptoms consistent with dysfunctional breathing and autonomic
imbalance. Because the patient also reported hypersensitivity to foreign objects, he declined OOOD
therapy and pursued a noninvasive intervention involving heart rate variability biofeedback (HRVBF) and
resonance frequency breathing biofeedback (RFBBF). Clinical findings included signs of dental attrition in
lateral excursions. Initial Beck Anxiety Inventory (BAI) score was 16 (moderate anxiety). Following the
biofeedback regimen, the patient’'s symptoms resolved, and his BAI score decreased to 5 (minimal
anxiety).

Conclusion: This case demonstrates the potential of HRVBF and RFBBF as noninvasive alternatives to
OO0OD in managing SB and TMD, particularly in patients with stress-related autonomic dysregulation and
breathing dysfunction. Although the outcome in this case was favorable, further research is warranted to
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confirm and extend these findings.

Introduction

Sleep bruxism (SB) and temporomandibular dysfunction
(TMD) are traditionally managed using OOOD, which aim
to protect dental structures."* However, these interventions do
not address the underlying autonomic or physiological
mechanisms that contribute to the onset and perpetuation of
SB and TMD. While OOOD may protect teeth, they do not
address the genesis of these conditions, and efficacy remains
uncertain > In patients who also suffer from OSA, OOOD may
worsen outcomes.* Research suggests that the genesis of brux-
ism is often tied to autonomic nervous system arousal.’

Alternative strategies targeting autonomic regulation have
been explored in other fields, particularly through HRVBF.
Authoritative sources described well established evidence for
HRVBF in reducing stress, anxiety, and pain-related
conditions.®™ The present case extends these methods to den-
tistry, specifically in the management of SB and TMD.

Case Presentation

A 34-year-old male information technology (IT) professional
who exercises four times weekly presented with TMJ and
masseter pain and reported waking multiple times. Vital
signs were blood pressure 110/67 mmHg, pulse 76 bpm, and

oxygen saturation 97%. He was supplementing vitamin B12 for
deficiency.

His general symptoms included constant headaches for the
past 20 years, head pressure worsened by stress, blurry vision,
episodic hearing loss, brain fog, chest pain, trapezius pain,
fatigue with walking, tingling and foot pain, and frequent
nighttime urination. He also reported anxiety and significant
sleep disruption. These symptoms were considered in the
context of autonomic dysregulation and possible dysfunctional
breathing.

Given this clinical profile, biofeedback was recommended
as a noninvasive intervention. The patient also declined
OOOD therapy due to hypersensitivity to foreign objects
such as rings, watches and high-collar clothing.

A care-compliant timeline summarizing the clinical course
is provided in Figure 1.

Materials and Methods

The patient underwent both assessment and biofeedback train-
ing using the Capnotrainer (Better Physiology, Wyoming,
USA). The assessment phase included an Interview Checklist
(Figure 2) and initial session on August 2, 2022 (Figure 3). The
physiological monitoring tools included end-tidal CO:2
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Timeline of Clinical Course

20 years prior
Symptoms : Headaches, jaw pain, sleep disruption

Spring 2022
Primary care : Migraine suspected, Labs normal

Spring 2022
Sleep Study: Mild OSA diagnosed

Summer 2022
Neurology: MRI normal

Summer 2022

Dental exam: TMJ pain, attrition, declined OOOD

Aug 2, 2022

Baseline: PetCO2 18-34 mm Hg, BAI=16, incoherent HRV

Aug - Nov, 2022

Biofeedback sessions, progressive PetCO2+ HRV improvement

Nov 7, 2022 (8" session)
Reassessment: PetCO2 >=35 mm Hg, HRV coherent, symptoms resolution, BAI=4

Figure 1. Timeline of clinical course. Chronological summary of the patient’s case, including symptom onset, diagnostic evaluations, baseline assessment, biofeedback
intervention, and outcomes. The timeline highlights progression from chronic symptoms and diagnostic work-up through HRV biofeedback training, culminating in

symptom resolution and sustained improvement at follow-up.

(PetCOz2), a noninvasive measure of exhaled CO2 at the end of
expiration. Normal (eucapnia) values typically range from
35-45 mmHg. Values below 35 mmHg indicate hypocapnia,
which reflects excessive ventilation and is associated with
reduced cerebral blood flow, respiratory alkalosis, and symp-
toms such as dizziness, anxiety, or muscle tension.'®'! PetCO2
was recorded at a sampling frequency of 50 Hz and HRV
measured using photoplethysmography (PPG) at 10 Hz.
Education was structured in two phases. The first phase
emphasized awareness of breath, diaphragmatic control, nasal
inhalation, and slow natural pacing. The second phase intro-
duced guided breathing techniques and employed classical and
operant conditioning to support new behaviors. Once PetCO2
consistently reached 35 mmHg, resonance frequency breathing
(RFB) was initiated at a pace of approximately five breaths/min.

Results

Initial session on August 2, 2022 (Figure 3) showed mild to
moderate hypocapnia (PetCOz: 18-34 mmHg) and HRV ran-
ging from 60-94 bpm. Breathing behaviors contributing to
hypocapnia included aborted breathing, fast and forced exhala-
tion, chest and mouth breathing.

By November 7, 2022 (Figure 4), PetCO2z exceeded
35 mmHg, with some reaching 40 mmHg. HRV ranged from
50-70 bpm.

Two key figures are compared:

Non-RFB session (Figure 5): PetCOz <35 mmHg, breath
rate ~ 11/min, incoherent HRV, elevated VLF and HF activity.

RFB session (Figure 6): PetCO2 at 35 mmHg, breath rate
5.5/min, coherent HRV, dominant LF peak indicating auto-
nomic balance.

Breathing is intricately influenced by emotional and cognitive
factors.'> Patient variability between sessions — such as anxiety,
stress, and cognitive load — had measurable effects on the physio-
logical responses observed during training. This underscores the

complexity of modifying breathing behavior and highlights the
role of psychological readiness and feedback in successful auto-
nomic retraining. Multi-session data (Figure 7) showed variability
across sessions tied to psychological factors. Continued sessions
improved awareness of breath and physiological feedback.

By the eighth session, the patient reported resolution of
dental and systemic symptoms, including jaw pain, bruxism,
frequent nighttime awakenings, and chronic headaches.
Objective data supported these reports: PetCO2 reached eucap-
nia levels, HRV showed coherent patterns, and the BAI score
decreased from 16 to 5, reflecting a shift from moderate to
minimal anxiety. Continued sessions improved awareness of
breath and physiological feedback.

Improvements were confirmed by patient self-report, clin-
ical exam, physiological data and validated BAI score.

Patient Perspective

The patient expressed gratitude for the biofeedback interven-
tion, noting that it relieved long-standing pain and discomfort.
He reported that the resolution of brain fog was particularly
impactful, stating that his mind now felt so clear that he could
“do the work of three people.” This improvement restored his
sense of productivity and overall well-being.

Discussion

OO0O0D is commonly prescribed for managing SB and TMD in
dental settings."”> While OOOD can protect dentition during
sleep bruxism, they do not address awake bruxism (AB) or the
physiological genesis of bruxism.” The effectiveness of OOOD
remains debatable.” Notably, most controlled studies in den-
tistry have focused on EMG-based biofeedback rather than
HRVBE. A randomized controlled trial demonstrated that
cognitive-behavioral therapy (BFB-CBT) incorporating EMG
biofeedback was at least as effective as OOOD in reducing pain
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INTERVIEW CHECKLIST 5

For learning about your breathing habits E

This checklist has been designed to serve as a “guideline” for assisting you in exploring whether or not your breathing habits are consistent E
with optimal respiration, and if not, how they may be affecting you at specific times and places. E
Name QEESEIED Datesuy20.2022  Emal QNG
TeQEE®  Sex M Age 34 Sigother? No_Children? No  Issue Dizziness. Headaches, Brain Fog 5
|

Do you think you might have a dysfunctional breathing habit? If so, what difficulties are you having that might be related to breathing? E
| think so. Dizziness, Headaches, Brain Fog. Cannot easily find words. |

|

|

|

Do you ever experience any of the 24 symptoms listed below? Check the Y column for “YES,” OR the N column for “NO,” after each E
symptom listed. If you checked YES, indicate how frequently you experience the symofom by checking a number 1 through 7, where |
1israrely and 7 is daily. Then enter in the situations in which you experience a symplom, in the “situation column,” by entering a number |
that corresponds to one of the 21 situations listed at the bottom of the page. For example, you might check column #6 for “dizziness™ and {
then enter in situations #14 (expressing feelings) and #19 (learning new tasks). If the situation is not shown on the list, write it into the {
“comment” column. Focus on when, where, and with whom these symptoms may occur. f
How often? — T E

Do you experience the following? If so, how often? O A ] ] ] ] B ] Situaons Comment |
Chest tightness, pressure, or pain e X X 7.9.11.16 E
Intentional breathing, purposeful regulation X [ X | . 6 ;
Blurred or hazy vision X T 1 Ix 1,6,7.13 ;
 Dizziness, light-headedness, faintinge | e [ sl I I I I B Y e 0 Y ] 3
Disconnected, things seemdistant ________| B N 3 A AN |
Shortness of breath, difficulty breathing e 3| 20 5.6.9 |
| Tingling or numbness, e.g., fingers, lips o X X 5,6, 18 |
Disoriented, confused X | | X 5,6,7,10, 11 {
Unabletobreathe deeplye | o ) e e Cannot pingoint t__| |
Muscle pain, stiffness, e.q., hands, jaw, back X P (5.4 | 5. 6. 13, 16, 18] Jaw |
Not exhaling completely, aborting the exhale o X X 5,6,9 |
 Deep breathing, like during talking e 3 (0] = o . |
Fastorimeguarheartbeat | x e 1 |
Chest breathing, effortful breathing e X T 1 j 5.6,9, 10,13 |
Breath holding, irregular breathing X 11 :
Poor concentration, focus, memory X | | | X | 56,910 Most of the time E
_Rapid breathing, panicky breathings 2 23 B ) I 1] 1 o I e e e :
Fatigeeasly | S 0. S N NN N N SN 0. S N % 7% (175 & U O — !
Worried about my breathing e X !
Mouth breathing e X X 8 5
Hardtoswallow, nauseous | & 3 ] i el N B RN ——— {
Can't seem to get enough oxygen e X xI 1 ] 8 |
Hyper-aroused, can't calm down, anxious X F-1 1 3
Unexpected mood changes (e.g., anger) X 11 Unexpected but controlled| |
|

*SITUATIONS: circumstances under which you experience the above symptoms E

|

(1) working (employment) (08) physical challenges, exercising (15) physical discomfort, pain ;
(2) resting (between tasks) (09) being confronted by others (16) meeting authority figures :
(3) performing (e.g., test taking) (10) traveling, unfamiliar places (17) going to sleep, while asleep |
(4) talking, eating, singing (11) socializing, meeting people (18) being accountable, in-charge |
(5) feeling anxious or worried (12) speaking in public, in groups (19) learning new tasks, new info |
(6) feeling tired or stressed (13) feeling angry or upset (20) feeling unsure of self |
(7) interacting in groups (14) intimacy, expressing feelings (21) allergens, weather, foods E

|

General comments: E

|

|

Copyrighted 2014, Peter M. Litchfield, Ph.D. and Sandra Reamer, MFA {

Emails: pl@breathingsciences.bp.edu and sr@bp.edu ;

|

Figure 2. Interview checklist for dysfunctional breathing habits. Patient-reported symptoms and breathing-related behaviors were assessed using a standardized 24-
item questionnaire. The checklist also recorded symptom frequency and contextual triggers, revealing widespread physiological and cognitive impacts tied to
suboptimal breathing patterns.
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Figure 3. Initial HRV and PetCO: tracing during baseline assessment (August 2, 2022). HRV (top panel) shows no coherence, and PetCO2 (bottom panel) fluctuates
below 35 mmHg, indicating persistent hypocapnia. Breathing irregularities were evident under both rest and task conditions.
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Figure 4. Post-intervention HRV and PetCO2 tracing (November 7, 2022). PetCO: levels improved with values consistently exceeding 35 mmHg, and HRV demonstrated
increased coherence. Changes reflect enhanced autonomic regulation and respiratory stability after biofeedback training.
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Figure 5. Non-resonance frequency breathing (non-RFB) session analysis. PetCO2 remained below eucapnic levels, with erratic HRV patterns and increased very low
frequency(VLF) power indicative of sympathetic dominance.
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Figure 6. Resonance frequency breathing (RFB) session analysis. PetCOz reached 35 mmHg, HRV showed synchronized, coherent waveforms with a dominant low-
frequency (LF) peak, signifying balanced autonomic tone and effective parasympathetic activation.

(e OEHOEEEE| (8w @.n@@a@@@@

nc 00:00 00:05:00 00:10:00 00:15:00 00:20:00 00:25:00 00:30:00 00:35:00 00:40:00 L 00:00:00 00:05:00 00:10:00 00:15:00 00:20:00 00:25:00 00:30:00 00:35:00 00:40:00

@ Raw PCO; (mmig) POOE®EAEE®E| |® HrVEm [ElaElnlalelalolola)
recs . | i i
3PP Freme.
* J | I f o W‘FMVMMW
o= UO:Q‘Q:OO OO:IIO:UD 00:2‘0:00 OD:3I0:UO 00:: 40 00 OD:S‘U:QU o UD:O‘D:UO 00:1'0:00 UG:Z’O:QD 00:3‘0:00 00:4‘0:00 00:5‘0:00

@ Raw PCO; (mmig)

@EJEJEJEIJ@ @ HRY (opm) BOEEH0EHME

E s} R i
T %mww Y _LMJ
o . 5 ; j d ) i g
_ 00:00:00 00:10:00 00:20:00 00:30:00 00:40:00 00:50:00 01:00:00 L 00:00:00 00:10:00 00:20:00 00:30:00 00:40:00 00:50:00 01:00:00 =3
® Raw P03 () OEEHCEDDE| @ e EEECEEREEE]
- <
i , o R
L 00:00:00 00:10:00 00:20:00 00:30:00 00:40:00 00:50:00 J L 00:00:00 00:10:00 00:20:00 00:30:00 00:40:00 00:50:00 e
.RuwPCOz’mqu) GEOHEEOERA®E | |@ HRVEm EOEWEHOEER®EE®
@ [ —_— YN TN N | E——
| suwvw-vvwm,«w b AN e Y T b
00:40:00 J Loowo:00 00:05:00 00:10:00 00:15:00 00:20:00 00:25:00 00:30:00 00:40:00 J
BOEEIEEXI®E| | @ HRVEmn E0EEEEE®E
e j Bm@a B B |
P L e e e TR Py A P
v — = - v — . | . ' . i . i . .
_ 00:00:00 00:05:00 00:10:00 00:15:00 00:20:00 00:25:00 00:30:00 00:35:00 00:: 40 00 00:45:00 i {_ 00:00:00 00:05:00 00:10:00 00:15:00 00:20:00 00:25:00 00:30:00 00:35:00 00:40:00 00:45:00 =
® R PCO; (v PPEEGMOEDDE| (@ wem EEECEEREEE]
il ([N W Mﬂ'z"“wM‘u bk fros ;
o i I I AL I L AL | ! WA*{W'-%MM ) SRR ST TR TS SN AT S
_ 00:00:00 00:05:00 00:10:00 00:15:00 00:20:00 00:25:00 00:30:00 L 00:00:00 00:( US 00 00:: lu 00 00:15:00 00:20:00 00:25:00 00:30:00 =
@ Raw PCO; (mmig) 2UEEXEEIME IHRV“W EUEEHEERME
N 7 : ; i 60 W "“"W‘q i i M "u»\\'-h i m‘vp\ " X
L 00:00:00  00:05:00  00:10:00  00:45:00  00:20:00  00:25:00  00:30:00  00:35:00  00:40:00 L oo00:00 000500  00:10:00  o0:15:00 : 00:30:00  00:35:00  00:40:00

Figure 7. Multisession comparison of HRV and PetCO2 data across training timeline. Eight sessions are depicted, demonstrating progressive stabilization in breathing
patterns and autonomic indicators, as seen in rising PetCOz and improved HRV coherence across time.

and disability, while offering superior improvements in coping et al. showed that the extent of tooth wear is not pre-

skills and psychological outcomes."? dictive of sleep bruxism.'” In patients with mild to mod-
SB, TMD, and OSA may overlap in symptomatology erate OSA, there is a known association with SB.'® Using

and etiology.®'* Observation of signs such as dental wear, an OOOD in these cases could potentially worsen the

tooth mobility, cracked tooth syndrome, and muscle ten- airway obstruction.”

derness often leads to the prescription of OOOD, assum- Stress and anxiety are emerging as key factors linking SB,

ing bruxism occurs only during sleep. However, Baba TMD, and OSA. Although not universally accepted,'” multiple
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Beck Anxiety Inventory (BAl)

Below is a list of common symptoms of anxiety. Please carefully read each
item in the list. Indicate how much you have been bothered by that
symptom during the past month, including today, by circling the number in
the corresponding space in the column next to each symptom.

Not At All | Mildly but it | Moderately - | Severely — it
didn’'t it wasn't bothered
bother me pleasant at me a lot
much times

Numbness or tingling 0 0 Rsae] 0
Feeling hot O g O a
Wobbliness in legs &2 0O O a
Unable to relax a O = QO
Fear of worst O 0 & O
happening

Dizzy or lightheaded 0 O o O
Heart pounding/racing P O O 0
Unsteady for) O O a
Terrified or afraid el O O O
Nervous O s O O
Feeling of choking = 0 O 0O
Hands trembling P O O 0
Shaky / unsteady a® O O 0
Fear of losing control O O a =
Difficulty in breathing 0 e 0 O
Fear of dying P O O O
Scared =2 O a a
Indigestion i O a m)
Faint / lightheaded 0 0 s O
Face flushed amp O O O
Hot/cold sweats e 0 O O

Figure 8. Initial beck anxiety inventory (BAI) results. Patient endorsed moderate levels of physiological anxiety symptoms, particularly dizziness, heart pounding, and

difficulty breathing, aligning with reports of stress-linked dysregulation at intake.

studies associate psychological stress with these disorders.'® "

Elevated cortisol levels, salivary biomarkers, and heightened
HPA-axis activity suggest stress involvement in both the devel-
opment and maintenance of these conditions.

SB patients show increased stress levels, with moderate posi-
tive correlations between bruxism intensity and cortisol levels.'®
TMD is multifactorial but has clear links to psychological stress
and autonomic hyperactivity.'” Depression and anxiety have
also been associated with increased risk for OSA.> Stress acti-
vates the sympathetic nervous system (SNS) and reduces para-
sympathetic tone.”’ Autonomic imbalance is reflected in HRV
patterns, making HRV a reliable biomarker for physiological
stress and autonomic function.”” Biofeedback training — parti-
cularly HRVBF - has shown efficacy in reducing stress and
anxiety while improving HRV.>>** Case-level evidence has
also demonstrated improvements in pain and sleep outcomes
in a patient with TMD treated with biofeedback.”

Resonance Frequency Breathing (RFB) is central to HRVBF,
optimizing autonomic balance by synchronizing respiratory and
cardiac rhythms.*®"*® Practicing RFB at an individualized pace
(4.5-7 breaths per minute) enhances HRV coherence.

CO:z2 plays a critical role in pH balance, respiratory drive,
and oxygen delivery. According to the Henderson-
Hasselbalch equation, reduced PetCO:2 below 35mmHg
leads to respiratory alkalosis and compromised oxygen off-
loading.'®'"** Hypocapnia triggers vasoconstriction and
decreases cerebral blood flow, which can result in fatigue,
dizziness, anxiety, and neurological symptoms.’>*!
Restoration of PetCOz2 to eucapnia levels is essential before
initiating RFB.

Dysfunctional breathing, characterized by fast, shallow, or
mouth breathing, can contribute to TMD by over-recruiting
accessory inspiratory muscles.’” Capnography and HRVBF are
instrumental in addressing these patterns. Power spectral
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Beck Anxiety Inventory (BAl)

Below is a list of common symptoms of anxiety. Please carefully read each
item in the list. Indicate how much you have been bothered by that
symptom during the past month, including today, by circling the number in
the corresponding space in the column next to each symptom.

Not At All | Mildly but it | Moderately - | Severely - it
didn’t it wasn’t bothered
bother me | pleasant at me a lot
much times

Numbness or tingling R aad O O O
Feeling hot - O O O
Wobbliness in legs o? O O O
Unable to relax o O Q O
Fear of worst O a® O a
happening

Dizzy or lightheaded O = O 0
Heart pounding/racing ) O O O
Unsteady o a Q Qo
Terrified or afraid 0 a2 0 0
Nervous & O | O
Feeling of choking = 0 0 0
Hands trembling P O O O
Shaky / unsteady ) O 0 O
Fear of losing control O s O O
Difficulty in breathing o O O 0
Fear of dying = O O O
Scared o5 O O O
Indigestion P O O O
Faint / lightheaded O a5 O O
Face flushed FEVSSY O O O
Hot/cold sweats s O O O

Figure 9. Post-intervention BAI results. Significant reduction in symptom reporting was noted, with most scores indicating only mild or no anxiety. This reduction

paralleled improvements in breathing function and symptoms resolution.

analysis of HRV using Fast Fourier Transformation (FFT)
allows clinicians to monitor autonomic trends.” >’

Finally, BAI (Figures 8 and 9) may serve as a useful screen-
ing tool in TMD, OSA, and SB patients.’*™>®

Conclusion

This case report illustrates the potential of HRVBF and RFBBF
as effective noninvasive therapies for the management of SB and
TMD. By addressing dysfunctional breathing and autonomic
imbalance, these interventions resolved long-standing symp-
toms in this individual patient. The clinical integration of bio-
feedback into interdisciplinary care model may provide
a valuable adjunct or alternative to mechanical approaches.
Although the outcome in this case was favorable, further
research is warranted to confirm and extend these findings.
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