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Abstract

Objective: To determine if simultaneous administration of acoustic vibration and

oscillating expiratory pressure affects the severity of facial pain among patients with

complaint of “sinus headache”.
Methods: This is a prospective single-arm observational study performed at a tertiary

care medical center. Subjects with complaint of sinus headache without evidence of

chronic rhinosinusitis on exam or computed tomography participated in a clinical

study applying simultaneous acoustic vibrations and positive expiratory pressure to

the nasal cavity twice daily over 4 weeks. Efficacy was assessed using three validated

pain metrics—pain visual analog scale (VAS), brief pain inventory-short form (BPI-SF),

and McGill pain questionnaire-short form (MPQ-SF). Device safety and patient satis-

faction were also assessed using questionnaires.

Results: Twenty-nine patients (mean age 49 years, 55% female) completed the study

without any major adverse events. At the 4 week follow-up, facial pain VAS

improved from mean ± SD of 59.6 ± 15.7 to 34.6 ± 21.7 (p < .001), BPI mean pain

(mean ± standard deviation) improved from 4.4 ± 2.0 to 2.9 ± 1.9 (p = .007), and

MPQ-SF total improved from 12.2 ± 6.5 to 6.5 ± 5.2 (p < .001) with approximately

70% of patients achieving a minimal clinically important difference (MCID) across all

metrics. Additionally, pain VAS was assessed 5 min after a single use at baseline with

significant improvement (p < .001). Eighty-six percent of subjects would both use

device again and recommend it to others.

Conclusions: Simultaneous administration of acoustic vibration and oscillating expira-

tory pressure appears to be a safe treatment for sinus headaches in patients without

objective evidence of chronic sinusitis. Results from this initial study are promising

with regard to efficacy in treatment of sinus headaches but will require further study.

Level of evidence: 2c.
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1 | INTRODUCTION

Sinus headache is a frequently misused, but common presenting chief

complaint in otolaryngology practices. Patients commonly use the

term sinus headache to refer to the concept of facial pain/headache

originating in the sinonasal or facial region. However, studies have

demonstrated that most patients with a chief complaint of sinus head-

ache present without objective evidence of sinonasal inflammation

and that symptoms are often related to a primary headache disorder,

with the majority having migraine headaches.1–4

Our understanding of the pathophysiology of migraine headaches

has evolved. Previously thought of as a vascular phenomenon, it is now

believed to be related to a primary neuronal dysfunction in which

cortical-spreading depression, a self-propagating depolarizing wave,

spreads across the cerebral cortex and ultimately activates trigeminal

nerve afferents. When this occurs, pro-inflammatory mediators such as

calcitonin-gene-related peptide and substance-p are released leading to

mucosal inflammation and amplifying pain. This explains why many

migraineurs experience rhinogenic symptoms of congestion and rhinor-

rhea.1 Other primary headache disorders that can be misinterpreted as a

sinus headache include cluster headaches, trigeminal neuralgias, auto-

nomic cephalalgias, myofascial pain, and contact point headaches.4

Regardless of diagnosis, the common final pathway seems to be a pertur-

bation in trigeminal sensitivity and the feeling of achiness, pressure, and

congestion in the face misinterpreted by patients to represent sinusitis.

Recently, a novel device employing simultaneous acoustic vibra-

tions and positive expiratory pressure to the nasal cavity was found to

improve measures of nasal congestion and objective peak nasal inspira-

tory flow levels after twice daily use.5 Although the study was focused

on patients with nasal congestion, subjects did report significant

improvements in facial pressure. The question thus arose whether a

device employing simultaneous acoustic vibrations and positive expira-

tory pressure to the nasal cavity could improve symptoms in patients

with chief complaint of sinus headache. The aim of this study was to

investigate the safety and utility of this device in patients with facial

pain/pressure overlying the sinuses (also referred to as sinus headache)

that lacked objective evidence of sinonasal inflammation.

2 | METHODS

2.1 | Patient enrollment

Subjects with persistent facial pain/pressure overlying the sinuses pre-

senting to a tertiary rhinology clinic were recruited at the Medical Univer-

sity of South Carolina into a Phase I/II clinical trial. Inclusion criteria

required adults ≥18 years of age complaining of facial pain or pressure for

≥3 months of symptom duration with a pain/pressure VAS score of ≥5.

Exclusion criteria included sinonasal surgery within the last 3 months,

nasal polyposis, purulence/edema or other signs of sinusitis on nasal

endoscopy, upper respiratory illness within the last 2 weeks, topical

decongestant use in the last week, nasal crusting or ulceration on nasal

endoscopy, history of severe epistaxis, known pregnancy, allergic

sensitivity to silicone or any other component of the device, inability to

read and understand English, and inability to perform treatment due to

underlying medical condition. All subjects provided written informed con-

sent in accordance with the Medical University of South Carolina (MUSC)

Institutional Review Board & Office of Research Integrity (Pro00100980)

and the study was registered on www.clinicaltrials.gov (NCT04468204).

All subjects were evaluated at baseline by an otolaryngology pro-

vider who performed nasal endoscopy to screen for exclusion criteria

and assess the subject's medical history, in order to determine medical

comorbidities. The diagnosis of comorbidities (such as migraine and

other headche disorders) in subjects were made based on the elec-

tronic medical record past medical history or patient reported history.

Once negative endoscopy was confirmed, patients were offered imag-

ing with neurology referral if appropriate or SinuSonic; the choice of

management was left up to the patient. Patients were queried regard-

ing duration of facial pain/pressure, demographics, current smoking,

history of migraine disorder and prior/current treatments.

2.2 | Baseline assessments

Baseline patient-reported outcome metrics were collected on each

subject, including facial pain visual analogue scale (VAS),6 McGill

Pain Questionnaire-Short Form (MPQ-SF),7 and Brief Pain

Inventory-Short Form (BPI-SF).8 The facial pain VAS score is a scale

from 0 to 100 mm and asks patients to rate the severity of their

facial pain over a previous 1 week recall period with higher scores

indicating greater pain intensity. Additionally, a current VAS pain

score and an immediate 5-min post-use current VAS pain score was

assessed. A prior study looking at orofacial pain reported a minimal

clinically important difference (MCID) of 12 mm for VAS pain.9 The

MPQ-SF7 consists of 15 descriptors (11 sensory; 4 affective) which

are rated on an intensity scale as 0 = none, 1 = mild, 2 = moderate,

3 = severe. Three pain scores are derived from the sum of the inten-

sity rank values of the words chosen for sensory, affective and total

descriptors. Participants were also asked to rate their current pain

(MPQ Now) and their overall intensity of pain (MPQ intensity) as the

final two metrics of this instrument. Subjects also rated facial pain

using the BPI-SF scale.8 The BPI-SF assesses pain at its “worst”,
“least”, “mean”, and “now” (current pain). In clinical trials, the items

“worst” and “mean” have been each used singly to represent the

pain severity. Worst and mean pain were assessed over a previous

1 week recall period. BPI-SF also measures how much pain inter-

feres (BPI interference) with seven daily activities including general

activity, walking, work, mood, enjoyment of life, relations with

others, and sleep. BPI pain interference is typically scored as the

mean of the seven interference items. All items are rated on a 0–10

scale with 0 representing no pain/no interference and 10 represent-

ing pain as bad as you can imagine/interferes completely. A

distribution-based approach using one-half the SD was used to

determine MCID values for MPQ-SF and BPI-SF, as there is a pau-

city of research assessing the MCIDs for these pain measures for

facial pain/headache.
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2.3 | Intervention

Subjects self-administered simultaneous nasal acoustic vibration and

oscillating expiratory pressure using the SinuSonic device for 3 min

twice daily (Healthy Humming LLC, Columbia, SC) according to the

manufacturer's instructions (Figure 1). The SinuSonic device consists

of a disposable medical grade silicone nosepiece mounted to a resin

body. The device is equipped with a flutter valve located at the top of

the device that creates self-guided oscillating expiratory resistance.

Acoustic vibration is emitted via a single circuit board speaker at the

base of the device at approximately 128 Hz. Subjects were instructed

to inhale normally and then gently exhale through the nosepiece in

order to activate the flutter valve for 3 min per session.

2.4 | Timeline

An immediate posttreatment assessment was performed 5 min after

completion of the initial treatment session. Subjects were then

instructed to perform twice daily treatment sessions (morning and

night) at home using the SinuSonic device for 3 min each. Subjects

filled out electronic surveys using the Research Data Capture

(RedCAP) secure web application for follow-up assessment. An

assessment with recall over the last week was performed at 2 weeks.

Subjects continued twice-daily treatments in the home setting for an

additional 2 weeks. A final assessment with recall over the last week

was performed at 4 weeks via electronic survey.

F IGURE 1 SinuSonic® device. SinuSonic device combines
acoustic vibration with oscillating expiratory pressure.

TABLE 1 Demographics (n = 29).

Mean (SD)/n (%)

Age 49.2 (14.4)

Gender

Male 13 (44.8%)

Female 16 (55.2%)

Race

White 23 (79.3%)

Non-white 6 (20.7%)

Ethnicity

Hispanic or Latino 1 (3.4%)

Non-Hispanic/Latino 28 (96.6%)

BMI (units) 29.8 (8.4)

Allergic rhinitis by self-report 11 (37.9%)

Non-allergic rhinitis 2 (6.9%)

Migraine headache history

None 16 (55.2%)

Resolved/past diagnosis 1 (3.4%)

Present/medicated 7 (24.1%)

Present/not medicated 5 (17.2%)

Asthma 6 (20.7%)

Current smoker 1 (3.4%)

Anxiety 6 (20.7%)

Depression 3 (10.3%)

Obstructive sleep apnea

No 21 (72.4%)

Currently being treated 5 (17.2%)

History/no current treatment 3 (10.3%)

Current medication use

Nasal steroid spray 16 (55.2%)

Nasal antihistamine 6 (20.7%)

Oral antihistamines 21 (72.4%)

Oral decongestant 5 (17.2%)

Mucolytic 6 (20.7%)

Leukotriene 5 (17.2%)

Rhinoscopic findings

Septal deviation 10 (34.5%)

Nasal valve collapse 10 (34.5%)

Bleeding 0 (0%)

Crusting 0 (0%)

Otoscopy abnormal 0 (0%)

Facial pain duration

<3 months 0 (0%)

3–6 months 4 (13.8%)

6–12 months 2 (6.9%)

1–3 years 2 (6.9%)

>3 years 21 (72.4%)

Abbreviation: BMI, body mass index.
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2.5 | Analytic plan

Statistical analysis was conducted using SPSS version 25 (IBM Corp,

Armonk, NY). Descriptive statistics such as means, range, SDs, frequen-

cies, and percentages were generated in order to present the baseline

characteristics of the study population. All continuous variables were

tested for normal distribution as determined by the Shapiro–Wilk test.

To evaluate differences in outcome metrics across time, paired t-tests

were used for normally distributed variables. Wilcoxon signed rank tests

were used for non-normally distributed or ordinal variables. To correct

for making two comparisons of the same variable over multiple time

points, the Holm test was used and a value of p ≤ .025 was considered

statistically significant. For all other tests, a value of p ≤ .05 was consid-

ered statistically significant. The amount of change between baseline

and follow-up variables of interest was calculated and measured against

previously reported MCID thresholds when available or by using one-

half of the baseline SD if not previously reported.

3 | RESULTS

A total of 30 patients were enrolled, with 28 patients completing all

survey questionnaires at all time points. The study cohort had a mean

age of 49.2 years (±14.4, range: 23–82 years), just over half were

women (55%), and 21% reporting non-White race (Table 1). All

patients had negative endoscopies without evidence CRS and 55%

had imaging completed, which was normal without evidence of CRS

on either CT or MRI. All patients with imaging available, with the

exception of a single patient with a mucous retention cyst, had clear

imaging without any sinus opacification. The average Lund–Mackay

CT score was 0.1 (± 0.25). Seventy two percent of patients reported

facial pain symptoms for >3 years. Thirty-eight percent of patients

reported a history of allergic rhinitis and 45% had a formal diagnosis

of migraine headache disorder. Nasal endoscopy revealed that that

35% had a septal deviation and 35% had nasal valve collapse.

Seventy-two percent of patients were on oral antihistamines and 55%

were on topical steroid sprays. Remaining current medication usage

and comorbidity information is detailed in Table 1.

3.1 | Pain location

The most common regions of pain localization included over the max-

illary sinuses (right maxillary: 82.8%; left maxillary: 69.0%), ethmoid

sinuses (51.7%), and frontal sinuses (right frontal: 51.7%; left frontal:

48.3%). The sphenoid sinuses (localizing over the temporal region),

the occipital region, and vertex were less common locations of pain.

3.2 | Immediate (5-min) assessment

After initial treatment with SinuSonic for 3 min, mean ± SD current

VAS scores decreased from 44.8 ± 22.6 to 34.8 ± 21.7 (p < .001).

3.3 | Intermediate (2-week) assessment

After 2 weeks of twice daily treatments with SinuSonic, mean ± SD VAS

scores decreased from 60.3 ± 15.9 to 41.7 ± 23.4, a 31% relative

decrease compared to baseline (Table 2, Figure 2). Similarly, mean ± SD

TABLE 2 Intermediate (2 weeks)
posttreatment assessments.n

Baseline,
mean (SD)

Posttreatment,
mean (SD) p value

Facial pain VAS (past

week)

29 60.3 (15.9) 41.7 (23.4) .001

MPQ sensory 29 10.2 (4.6) 7.0 (4.9) .004

MPQ affective 29 2.5 (2.4) 2.0 (2.2) .174

MPQ total 29 12.6 (6.5) 9.0 (6.5) .002

MPQ pain now 29 3.9 (2.4) 2.7 (2.4) .004

MPQ pain intensity 28 2.2 (0.9) 1.8 (0.8) .034

BPI worst pain 29 5.6 (1.7) 6.2 (2.3) .201

BPI mean pain 29 4.4 (2.0) 3.7 (1.9) .057

BPI current pain 29 3.9 (2.3) 2.9 (2.7) .063

BPI activity 29 3.7 (2.2) 2.7 (2.6) .070

BPI mood 29 4.6 (2.5) 4.0 (3.1) .318

BPI walking 29 1.4 (2.0) 1.8 (2.4) .311

BPI work 29 3.1 (2.7) 2.4 (3.0) .225

BPI relations 29 3.0 (2.8) 2.6 (2.8) .374

BPI sleep 29 4.7 (3.4) 3.2 (2.9) .022

BPI enjoyment 29 3.8 (2.5) 3.3 (2.4) .192

Note: Italic values indicates statistically significant.

Abbreviations: BPI, Brief Pain Inventory-Short Form; MPQ, McGill Pain Questionnaire-Short Form; VAS,

Visual Analogue Scale.
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F IGURE 2 Mean patient-reported outcome measure over time. *Statistically significant. BPI, Brief Pain Inventory-Short Form; MPQ, McGill
Pain Questionnaire-Short Form; VAS, Visual Analogue Scale.

TABLE 3 Final (4 weeks) posttreatment assessments.

n
Baseline,
mean (SD)

Posttreatment,
mean (SD)

% Relative improvement
over baseline p value

Facial pain VAS (past week) 28 59.6 (15.7) 34.6 (21.7) 41.9% <.001

MPQ sensory 28 9.9 (4.5) 5.1 (3.6) 48.5% .003

MPQ affective 28 2.3 (2.2) 1.4 (2.0) 39.1% .034

MPQ total 28 12.2 (6.5) 6.5 (5.2) 46.7% <.001

MPQ pain now 28 3.8 (2.3) 2.2 (2.0) 42.1% .001

MPQ pain intensity 27 2.2 (1.0) 1.3 (0.9) 40.9% .004

BPI worst pain 28 5.5 (1.6) 4.9 (1.8) 10.9% .174

BPI mean pain 28 4.4 (2.0) 2.9 (1.9) 34.1% .007

BPI current pain 28 3.8 (2.2) 2.0 (2.2) 47.4% .002

BPI activity 28 3.6 (2.2) 1.8 (2.1) 50.0% .003

BPI mood 28 4.4 (2.4) 2.4 (2.1) 45.5% .003

BPI walking 28 1.4 (2.0) 1.2 (1.7) 14.3% .787

BPI work 28 2.9 (2.5) 1.6 (2.0) 44.8% .040

BPI relations 28 2.8 (2.5) 1.5 (2.2) 46.4% .052

BPI sleep 28 4.6 (3.4) 2.0 (2.3) 56.5% .001

BPI enjoyment 28 3.6 (2.3) 1.9 (2.3) 47.2% .005

Note: Italic values indicates statistically significant.

Abbreviations: BPI, Brief Pain Inventory-Short Form; MPQ, McGill Pain Questionnaire-Short Form; VAS, Visual Analogue Scale.
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MPQ and BPI scores decreased from 12.6 ± 6.5 to 9.0 ± 6.5 (p = .002)

and 4.4 ± 2.0 to 3.7 ± 1.9 (p = .057), respectively (Table 2, Figure 2).

3.4 | Final (4-week) assessment

After 4 weeks of twice-daily treatments with SinuSonic, mean ± SD

VAS scores decreased from 59.6 ± 15.7 to 34.6 ± 21.7, a 42% relative

decrease compared to baseline (Table 3, Figure 2). Similarly, mean

± SD MPQ and BPI scores decreased from 12.2 ± 6.5 to 6.5 ± 5.2

(p < .001) and 4.4 ± 2.0 to 2.9 ± 1.9 (p = .007), respectively (Table 3,

Figure 2). Across these three measurements, approximately 70% of

patients achieved an MCID.

Regarding safety, 89% reported no pain or discomfort after

4 weeks of twice-daily treatments. There was one mild instance of

epistaxis reported that resolved with conservative measures but no

other instances of bleeding. throughout the study period. At study

completion, 86% of subjects expressed willingness to recommend

device to a family member/friend and use device again.

4 | DISCUSSION

Sinus headache is a common presenting complaint at otolaryngology

practices. The majority of patients with sinus headache lack objective

evidence of chronic sinusitis and suffer from migraines or other form of

non-rhinogenic headache disorders.2–4 Headache disorders are very

prevalent affecting nearly 50% of the world's population and a third of

these are patients with migraine headaches.10 Despite regional varia-

tions, headache disorders are exceedingly common affecting people of

all ages, races, income levels and geographic regions. The activation of

the trigeminal system with development of rhinogenic symptoms such

as rhinorrhea and congestion in migraineurs contributes to the confusion

in migraine patients who believe their symptoms are related to sinusitis.1

Furthermore, a significant portion of patients with headache disorder

can suffer from comorbid chronic rhinitis given the large prevalence of

both conditions further confounding their clinical picture.2 In our cohort,

no patients demonstrated objective evidence of chronic sinusitis on

endoscopy or computed tomography, but 72% of patients were on anti-

histamines and 44% reported a diagnosis of chronic rhinitis.

A previous study looking at use of SinuSonic in the treatment of

nasal congestion found significant improvements in objective and

subjective metric of nasal congestion/obstruction with an MCID

being achieved in 62%–80% of patients suggesting that there may

be physiologic changes occurring within the nasal cavity in response

to device use.5 What these changes are and how they modulate the

trigeminal system to lessen pain is still unknown. Prior studies look-

ing at acoustic energy applied to the nasal cavity have demonstrated

increases in nasal nitric oxide which may also modulate the pain

pathway via anti-inflammatory effects, but further research in this

space is needed.11

There are nearly 300 classifications of headache disorders accord-

ing to the International Classification of Headache Disorders (ICHD-3)

with a large portion of headaches relying on the same anatomical

basis involving the trigeminal neurovascular system.12 The current

treatment landscape for complaint of sinus headaches is not well

defined as it is likely heterogenous group of patients with multiple

forms of primary headache disorders some of which are less defined

entities with fewer treatment options. In general, management of

headache disorders often includes non-pharmacologic strategies (such

as dietary modification), treatment for acute attacks, and preventative

measures all of which are underutilized.13,14 A similarly designed study

performed by Del Gaudio et al enrolled patients with sinus headaches

without objective evidence of CRS and empirically treated them with

triptans.15 In this study, approximately 80% of patients noted signifi-

cant improvement in facial pain on a VAS scale following treatment.

An additional study looking at balloon sinuplasty for sinus pain/

pressure (without objective evidence of sinusitis) also noted signifi-

cant improvements in pain metrics, however there was no statistically

significant difference compared to the control arm which involved bal-

looning the nasal cavity. SNOT22 scores experienced a relative reduc-

tion of approximately 30% in both groups.16 In our study using

SinuSonic, approximately 70% of patients improved and achieved an

MCID on the VAS facial pain score—comparable to other studies uti-

lizing pharmacologic interventions for sinus pressure/pain.15

Daily SinuSonic use appears to improve mean pain scores over

time suggesting efficacy as a maintenance/preventative form of ther-

apy. Additionally, we also measured pain scores 5-min after use with

significant improvements, suggesting that SinuSonic may also be use-

ful in acute settings of facial pain/pressure. Ultimately, this study will

help inform appropriate power calculation to develop and design a

randomized controlled trial to further assess efficacy of the acoustic

vibration with oscillating expiratory pressure on sinus headache.

Established barriers to headache therapy include failure to consult

an appropriate prescribing healthcare professional, failure to arrive at

a specific diagnosis, and lack of use of appropriate acute and preven-

tative therapy.17 Despite efforts within the otolaryngology community

to educate providers on appropriate diagnosis and treatment of these

headache patients, significant challenges remain. Frequently, there are

long wait times for patients to see neurology consultants. From an

otolaryngology provider's perspective, many are unfamiliar prescribing

neuroactive medications. And from a patient's perspective, there is

significant stigma associated with a diagnosis of headache disorders

making it difficult for patients to accept this reality.18,19 Depending on

the medication, there are several side effects that patients can experi-

ence with medical management of headache disorders. Side effects

associated with triptans include dizziness, sleepiness, dry mouth, and

muscle weakness. In very rare instances triptans have been linked to

heart attack and stroke and are contraindicated in patients with these

diagnoses.20,21 There are several preventative medications for primary

headache disorders which have their own side-effect risk profiles that

can often present bigger quality-of-life impairments than the condi-

tion itself. In this phase I/II study, we present important data on the

safety and efficacy of simultaneous administration of nasal acoustic

vibration and oscillating expiratory pressure delivered through the

SinuSonic device. There was only one instance of mild bleeding in
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the first 2 weeks of device use. Over 95% of participants reported no

pain/minimal discomfort with use suggesting that SinuSonic carries

minimal risk in appropriately selected patients.

There are several considerations that must be kept in mind

when interpreting results from this study. First, this study specifi-

cally excluded patients with objective evidence of chronic rhinosinu-

sitis. Therefore, one cannot say whether similar efficacy would be

seen in patients with comorbid chronic rhinosinusitis. This phase I/II

study was limited to a single arm; therefore, placebo effects and

regression to the mean cannot be excluded as influencing results.

The next logical step in evaluating this treatment is to conduct fur-

ther research incorporating appropriate control groups. Further-

more, it should be noted that two patients did not complete the

trial, and the reasons for their discontinuation remain unknown.

Among the patients who successfully completed the study (n = 28),

it was found that 71% of them achieved the MCID on the VAS pain

scale. If we assume that the two participants who dropped out did

not achieve an MCID, then taking into account all the patients ini-

tially enrolled (n = 30), the proportion of individuals who achieved

an MCID would be 67%. Additionally, the study population is a het-

erogenous cohort with 45% of patients with a history of migraine

headaches and many others with likely an undiagnosed primary

headache disorder. While this cohort likely reflects a real-world pop-

ulation of patients presenting to otolaryngologists with sinus head-

aches, future studies may consider including neurologic evaluation

and determining strict diagnostic criteria which might allow sub-

group analysis by specific headache types. Lastly, follow-up was lim-

ited to 4-week data. Future studies might explore efficacy over a

longer period and/or explore whether alternative regimens might be

efficacious, such as use on an as-needed basis.

5 | CONCLUSION

In patients with sinus headaches lacking objective sinonasal inflamma-

tion, acoustic vibration and oscillating expiratory pressure to the nasal

cavity appears to result in significant improvements of multiple

patient reported outcome measures of facial pain (VAS & MPQ-SF)

after 2 weeks of twice-daily treatments. Further significant improve-

ment was noted after 4 weeks of use across all three pain metrics—

VAS, MPQ-SF, & BPI-SF. Assessment of 5-min post-use VAS pain

scores reveal significant immediate improvements, highlighting the

device's ability to provide quick-onset relief. SinuSonic device had

only one instance of mild epistaxis and minimal discomfort. This study

will help inform future sham-controlled trials targeting specific facial

pain/headache diagnoses.

CONFLICT OF INTEREST STATEMENT

None.

ORCID

Amar Miglani https://orcid.org/0000-0002-0708-4345

Shaun A. Nguyen https://orcid.org/0000-0003-0664-4571

REFERENCES

1. Jayawardena ADL, Chandra R. Headaches and facial pain in rhinol-

ogy. Am J Rhinol Allergy. 2018;32:12-15. doi:10.2500/ajra.2018.

32.4501

2. Lal D, Rounds A, Dodick DW. Comprehensive management of

patients presenting to the otolaryngologist for sinus pressure,

pain, or headache. Laryngoscope. 2015;125:303-310. doi:10.

1002/lary.24926

3. Levine HL, Setzen M, Cady RK, et al. An otolaryngology, neurology,

allergy, and primary care consensus on diagnosis and treatment of

sinus headache. Otolaryngol Head Neck Surg. 2006;134:516-523. doi:

10.1016/j.otohns.2005.11.024

4. Patel ZM, Kennedy DW, Setzen M, Poetker DM, Delgaudio JM.

“Sinus headache”: rhinogenic headache or migraine? An evidence-

based guide to diagnosis and treatment. Int Forum Allergy Rhinol.

2013;3:221-230. doi:10.1002/alr.21095

5. Soler ZM, Nguyen SA, Salvador C, et al. A novel device combining

acoustic vibration with oscillating expiratory pressure for the treat-

ment of nasal congestion. Int Forum Allergy Rhinol. 2020;10:610-618.

doi:10.1002/alr.22537

6. Hawker GA, Mian S, Kendzerska T, French M. Measures of adult pain:

Visual Analog Scale for Pain (VAS Pain), Numeric Rating Scale for Pain

(NRS Pain), McGill Pain Questionnaire (MPQ), Short-Form McGill

Pain Questionnaire (SF-MPQ), Chronic Pain Grade Scale (CPGS),

Short Form-36 Bodily Pain Scale (SF-36 BPS), and Measure of Inter-

mittent and Constant Osteoarthritis Pain (ICOAP). Arthritis Care Res.

2011;63(Suppl 11):S240-S252.

7. Melzack R. The short-form McGill pain questionnaire. Pain. 1987;30:

191-197. doi:10.1016/0304-3959(87)91074-8

8. Cleeland C. The brief pain inventory user guide. Br Pain Invent. 2009.

9. Calixtre LB, Oliveira AB, Alburquerque-Sendín F, Armijo-Olivo S.

What is the minimal important difference of pain intensity, man-

dibular function, and headache impact in patients with temporo-

mandibular disorders? Clinical significance analysis of a

randomized controlled trial. Musculoskelet Sci Pract. 2020;46:

102108. doi:10.1016/j.msksp.2020.102108

10. Feigin VL, Nichols E, Alam T, et al. Global, regional, and national bur-

den of neurological disorders, 1990–2016: a systematic analysis for

the global burden of disease study 2016. Lancet Neurol. 2019;18:459-

480. doi:10.1016/S1474-4422(18)30499-X

11. Weitzberg E, Lundberg JON. Humming greatly increases nasal nitric

oxide. Am J Respir Crit Care Med. 2002;166:144-145. doi:10.1164/

rccm.200202-138BC

12. Edvinsson JCA, Viganò A, Alekseeva A, et al. The fifth cranial nerve in

headaches. J Headache Pain. 2020;21:65. doi:10.1186/s10194-020-

01134-1

13. Gilmore B, Michael M. Treatment of acute migraine headache. Am

Fam Physician. 2011;83(3):271-280.

14. Weatherall MW. The diagnosis and treatment of chronic migraine. Ther

Adv Chronic Dis. 2015;6:115-123. doi:10.1177/2040622315579627

15. Kari E, Delgaudio JM. Treatment of sinus headache as migraine: the

diagnostic utility of triptans. Laryngoscope. 2008;118:2235-2239. doi:

10.1097/MLG.0b013e318182f81d

16. Laury AM, Chen PG, McMains KC. Randomized controlled trial

examining the effects of balloon catheter dilation on “sinus pressure”/
barometric headaches. Otolaryngol - Head Neck Surg. 2018;159(1):

178-184. doi:10.1177/0194599818772818

17. Lipton RB, Serrano D, Holland S, Fanning KM, Reed ML, Buse DC.

Barriers to the diagnosis and treatment of migraine: effects of sex,

income, and headache features. Headache. 2013;53:81-92. doi:10.

1111/j.1526-4610.2012.02265.x

18. Vilanilam GK, Badi MK, Meschia JF. Destigmatizing migraine. Cureus.

2018;10:e2711. doi:10.7759/cureus.2711

19. Parikh SK, Young WB. Migraine: stigma in society. Curr Pain Headache

Rep. 2019;23:8. doi:10.1007/s11916-019-0743-7

MIGLANI ET AL. 845

https://orcid.org/0000-0002-0708-4345
https://orcid.org/0000-0002-0708-4345
https://orcid.org/0000-0003-0664-4571
https://orcid.org/0000-0003-0664-4571
info:doi/10.2500/ajra.2018.32.4501
info:doi/10.2500/ajra.2018.32.4501
info:doi/10.1002/lary.24926
info:doi/10.1002/lary.24926
info:doi/10.1016/j.otohns.2005.11.024
info:doi/10.1002/alr.21095
info:doi/10.1002/alr.22537
info:doi/10.1016/0304-3959(87)91074-8
info:doi/10.1016/j.msksp.2020.102108
info:doi/10.1016/S1474-4422(18)30499-X
info:doi/10.1164/rccm.200202-138BC
info:doi/10.1164/rccm.200202-138BC
info:doi/10.1186/s10194-020-01134-1
info:doi/10.1186/s10194-020-01134-1
info:doi/10.1177/2040622315579627
info:doi/10.1097/MLG.0b013e318182f81d
info:doi/10.1177/0194599818772818
info:doi/10.1111/j.1526-4610.2012.02265.x
info:doi/10.1111/j.1526-4610.2012.02265.x
info:doi/10.7759/cureus.2711
info:doi/10.1007/s11916-019-0743-7


20. Albieri V, Olsen TS, Andersen KK. Risk of stroke in migraineurs

using triptans. Associations with age, sex, stroke severity and sub-

type. EBioMed. 2016;6:199-205. doi:10.1016/j.ebiom.2016.

02.039

21. Hall GC, Brown MM, Mo J, MacRae KD. Triptans in migraine: the

risks of stroke, cardiovascular disease, and death in practice. Neu-

rology. 2004;62:563-568. doi:10.1212/01.WNL.0000110312.

36809.7F

How to cite this article: Miglani A, Germroth M, LaPointe KA,

Nguyen SA, Meyer TA. Treatment of sinus headache using a

device that combines acoustic vibration with oscillating

expiratory pressure. Laryngoscope Investigative Otolaryngology.

2023;8(4):839‐846. doi:10.1002/lio2.1124

846 MIGLANI ET AL.

info:doi/10.1016/j.ebiom.2016.02.039
info:doi/10.1016/j.ebiom.2016.02.039
info:doi/10.1212/01.WNL.0000110312.36809.7F
info:doi/10.1212/01.WNL.0000110312.36809.7F
info:doi/10.1002/lio2.1124

	Treatment of sinus headache using a device that combines acoustic vibration with oscillating expiratory pressure
	1  INTRODUCTION
	2  METHODS
	2.1  Patient enrollment
	2.2  Baseline assessments
	2.3  Intervention
	2.4  Timeline
	2.5  Analytic plan

	3  RESULTS
	3.1  Pain location
	3.2  Immediate (5-min) assessment
	3.3  Intermediate (2-week) assessment
	3.4  Final (4-week) assessment

	4  DISCUSSION
	5  CONCLUSION
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


