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Abstract: Chronic rhinosinusitis (CRS) is a common disease that affects over 200 million patients
worldwide. CRS often presents with facial pain, which is considered an important criterion for the
diagnosis of CRS. A single-arm clinical study was designed to test the effect of simultaneous high
(1 MHz) and low frequencies (70–80 Hz) on facial pain in 14 CRS patients at the Sarah Bush Lincoln
Health Center, Mattoon, IL, USA. We used two quality of life (QOL) instruments to test the effect
of multimodal frequencies on patients suffering from CRS: the Brief Pain Inventory Short Form
(BPI-SF), and the Sino-Nasal Outcome Test (SNOT-22). Mean BPI-SF severity scores improved by
0.80 points (Wilcoxon rank sum test p < 0.01) in all 14 patients. In patients with baseline facial pain
(n = 9), the scores improved by an average of 1.5 (p < 0.01) points in the pain severity domain and
by 1.4 points in the pain interference domain. Additionally, the mean improvement in SNOT-22
scores was 14.11 (p < 0.05), which is above the minimal clinically-important difference (MCID) of
nine points. Our pilot study indicates that multimodal vibration frequencies applied over the facial
sinuses reduce pain, possibly through the reduction of the inflammatory response and modulation of
the pain receptors. This study suggests the possibility that combining different frequencies could
have an enhanced effect on reducing CRS-related facial pain.

Keywords: maxillary sinus; frontal sinus; chronic rhinosinusitis; facial pain; mechanical vibration;
nociceptive modulation

1. Introduction

Chronic rhinosinusitis (CRS) is one of the most common conditions in North America, with almost
40 million patients [1]. Current research suggests that CRS is predominantly an inflammatory disease,
with current therapies targeting inflammation within the sino-nasal cavity [2]. Symptoms of nasal
congestion and facial pain significantly reduce the quality of life of CRS patients [3,4]. Many patients
continue to experience pain after both medical and surgical management. Application of high
frequency vibration to sinus regions in CRS patients has been shown to reduce pain and associated
symptoms [5]. Chronic rhinosinusitis is characterized by the long-term presence of multiple symptoms
including mucopurulent drainage and nasal congestion, and about 80% of CRS patients report facial
pain/pressure [4,6,7]. Factors contributing to the pathophysiology of adult CRS include allergies,
bacterial biofilms, asthma and exposure to various environmental pollutants [2,7–9]. Radiography or
computed tomography (CT) scans are often used to identify mucosal thickening and to identify any
comorbid factors such as anatomic abnormalities.
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Treatment for CRS focuses on reducing inflammation and includes nasal irrigation,
nasal corticosteroids [10], balloon sinuplasty and endoscopic sinus surgery [7,11]. Common pain
relievers are also used [12]. Despite the best care, some patients will not respond to long-term medicinal
therapy; these patients are recommended for endoscopic sinus surgery. Endoscopic sinus surgery
carries some risks [13,14] and can be expensive [15]. Sinus surgery is also less effective for patients
with mild symptoms [16], lower sinus microbial diversity [9], cystic fibrosis [17] or for eosinophilic
CRS patients [18]. Chronic rhinosinusitis symptoms can continue for years [19], inflicting a significant
financial burden [20] and a lower quality of life [4]. In one study, pain persisted for over two years
after surgery in around 18% of patients [21]. Home-based, non-medicinal and non-intrusive treatment
options are highly desirable both from a patient perspective and as a means to reduce burgeoning
healthcare costs.

The causes of facial pain in CRS are unclear. Objective measures of disease severity do not
correlate well with sinus pain [22,23]. One explanation is that stimulation in the sino-nasal cavity can
cause referred pain, where pain is felt in a completely different location [24]. Another explanation is the
observation that many patients complaining of sinus pain experience headaches or migraines [25,26].
Hypersensitization to pain from migraines could make innocuous stimuli more painful, which may
contribute to the pain experienced by CRS patients [26,27]. Misuse of medication can also contribute
to sinus pain [28].

Pain relief via cutaneous vibration has been demonstrated in chronic pain patients [29],
osteoarthritis [30] and muscle pain [31]. Cutaneous vibration affects mechanoreceptors in the
face [32,33], moderating pain by activating a pain gating pathway in the brainstem [34,35]. Though
transcutaneous electrical stimulation can reduce headaches [36] and vibration has been used to reduce
facial pain for injections [37], cutaneous vibration has not been tested on CRS patients.

Pain relief for CRS patients has been demonstrated using deep heating via application of 1-MHz
frequency waves [38–40]. These high frequency waves raise deep tissue temperatures 1–5 ◦C [41],
similar to the action of steam inhalation for nasal congestion [42]. High frequency waves may also
reduce inflammation [43,44] and may also act on biofilms that have been hypothesized as a contributing
factor in CRS [45]. A combination of cutaneous vibration and deep heat could more effectively alleviate
facial pain associated with CRS, targeting both deep and surface mechano- and thermo-sensitive nerves.

CRS pain is usually reported as a single item in a larger suite of questions, affecting accurate
interpretation of pain relief data [4]. Accurate measurements of pain are crucial to determining
clinically-meaningful pain relief results [46,47]. The placebo effect is also strong in pain trials, increasing
the need for accurate measurements [48]. The Brief Pain Inventory Short Form (BPI-SF) and the
Short-Form McGill Pain Questionnaire are validated across many populations for use in pain studies,
but have not been used to study the effect of vibration pain relief on CRS patients.

We combined cutaneous vibration at 70–80 Hz with deep heating at 1 MHz to test the effect
of multimodal treatment on facial pain, quality of life and CRS symptoms in 14 patients with CRS.
We hypothesized that cutaneous vibration would have an analgesic effect through stimulation of
mechanosensors in the face, while deep heating would have effects similar to what has been observed
in previous studies. Each patient was treated with a proprietary multimodal vibration therapy unit,
designed by AxioSonic, with a specific transducer head that conforms to complex facial geometry.
We used the BPI-SF to more accurately determine the extent of pain relief perceived by patients,
while we used a similar measure used in a previous study (the Sino-Nasal Outcome Test, SNOT-22
instead of SNOT-20) for comparison and to quantify quality of life (QOL) changes due to CRS.
Development of a cost-effective, non-medicinal and non-invasive therapy for CRS facial pain will be
useful for both medical practitioners and patients.
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2. Materials and Methods

2.1. Prospective Clinical Trial of Multimodal Frequencies for the Treatment of Chronic Rhinosinusitis Patients

This clinical trial was a prospective, single-arm study conducted at Sarah Bush Lincoln Health
Center, Mattoon, IL, USA, from August–October 2016. Appropriate government and local reviews
were obtained, including prior approval by the Medical Ethics and Institutional Review Board (IRB)
committee at Sarah Bush Lincoln Health Center, Mattoon, IL, USA. All subjects gave written informed
consent. Subjects who were included met the diagnostic criteria for CRS as defined by the American
Academy of Otolaryngology–Head & Neck Surgery Foundation Clinical Practice Guidelines [7].
Patients were excluded who: had used immunosuppressive drugs for treatments besides CRS within
30 days of trial or who had a diagnosis of conditions that may interfere with the results of the study,
such as: immotile cilia syndrome, cystic fibrosis, immune-deficiency, systemic autoimmune conditions
with sinus involvement, had sino-nasal tumors or obstructive lesions, a history of facial trauma,
uncontrolled diabetes, smoked or had cancer or brain tumor(s). Because the efficacy endpoints were
related to pain and CRS symptoms, subjects were asked to make no changes to the pain or medications
they were taking throughout the study.

Possible side effects of multimodal therapy on the face have not been reported in the literature,
so our primary endpoint was safety, as measured by the proportion of patients with device-related
serious adverse events. The secondary endpoints included facial pain as measured by the BPI-SF (pain
severity and pain interference scores) and the Sino-Nasal Outcome Test-22 (SNOT-22) [16,49]. We used
SNOT-22 scores to investigate changes in disease-related quality of life, because mechanical vibrations
may improve CRS symptoms, as well as pain [43,50]. BPI-SF is a validated tool to measure clinical pain
severity and interference and has become one of the most widely-used measurement tools for assessing
clinical pain [51]. Questions are scored 0–10 [4,51], and averages are taken for six questions on severity
of pain and for seven questions on interference with quality of life. The SNOT-22 questionnaire is
a validated, widely-used 22-item tool used to assess CRS symptom severity [4]. Lower total scores
(score range 0–110) indicate better overall symptom severity and quality of life [4]. Endoscopy
was performed by Michael Smith before and after treatment to investigate possible changes in CRS
symptom severity, and observations were noted.

Multimodal frequency treatments were administered using an AxioSonic therapeutic device
(Figure 1) by trained clinical staff at the principal investigator’s clinical site. The AxioSonic device
is a hand-held portable device that can be administered either at home or at a clinic. The AxioSonic
device operates at two simultaneous frequencies, one at 70–80 Hz and one at 1 MHz. The higher
frequency wave has two settings for treatment: maxillary (1 W/cm2, 5 min duration) and frontal
(0.5 W/cm2, 5-min duration). The device is coupled to the skin with the use of a gel. A proprietary
cutaneous mechanical vibration treatment is activated when the applicator is adequately coupled to
the skin. Each unit was independently calibrated to ensure acoustic intensity.
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The treatment regime consisted of three treatments per week for a total of six multimodal
treatments over a two-week period (Figure 2). Each treatment session lasted a total of 15 min: 5 min on
each maxillary sinus and 5 min on the frontal sinuses. Each unit was programmed to record total active
usage time for each patient to ensure the units were functioning properly and to ensure treatment
compliance. The study concluded for each participant 30 days after their last treatment with the
AxioSonic device. All patients were treated with 3 treatments per week over the course of 2 weeks
for a total of 6 treatments. All patients were followed for safety for 30 days after the last AxioSonic
treatment session. Any adverse events were reported both with the number of patients experiencing
events and the overall frequency of events. Adverse events were defined as any unfavorable and
unintended diagnosis, symptom, sign, syndrome or disease occurring during the study, having been
absent at baseline, or if present at baseline, appears to worsen. Because this was an initial assessment
trial, no treatment control was included.
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Data analysis was performed using SAS Version 9.4 (SAS Institute, Cary, NC, USA) and R Version
3.2 (R Foundation for Statistical Computing, Vienna, Austria). We compared baseline to post-treatment
scores with the Wilcoxon signed rank test to avoid violations of sphericity.

2.2. Analysis of Previously-Published Data

We were unable to find previous research that incorporated multiple analgesic frequencies to treat
CRS pain. There are several studies that used 1-MHz frequencies to treat CRS symptoms, including
pain [38–40,52–55], but only one was conducted in English with comparable data. We obtained raw
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data for this study; it had a total of 20 patients treated with a 1-MHz frequency (1 W/cm2 and
0.5 W/cm2) at a 10% duty cycle [40]. To evaluate the effect of their treatment, Young et al. [40] used the
20-question Sino-Nasal Outcome Test (SNOT-20), a list of questions where symptoms are rated 0–5.
They also used a list of symptom-related questions, including pain, where each question was rated
using a visual analog scale (1–7). We calculated standard statistical indices and estimated effect sizes
using Cohen’s d. Cohen’s d is useful for quantifying the effectiveness of a particular intervention.
It is a method of estimating the effectiveness of a treatment methodology, and is used to determine
whether or not a significant difference in a study has a clinically-important outcome. It is calculated by
dividing the difference in mean scores pre- and post-treatment by the standard deviation. Though
other measures are also used, Cohen’s d remains a useful tool in patient-reported outcome studies [56].

2.3. Ethical Standards

The authors assert that all procedures contributing to this work comply with the ethical standards
of the relevant national and institutional guidelines on human experimentation as implemented by the
Institutional Review Board for the Sarah Lincoln Bush Hospital (IRB00002130) and with the Helsinki
Declaration of 1975, as revised in 2008.

3. Results

3.1. Clinical Trial Results

The average age of the 15 patients enrolled in this study was 60 years (34–83 years); six were
male, and nine were female (Table 1). Subjects met inclusion and exclusion criteria. One patient was
not considered in the final study because she did not continue treatment adequately after her device
was damaged. Basic demographic data are presented in Table 1. Ten patients independently reported
feelings of increased drainage and/or reduced pressure. Two patients specifically mentioned reduction
in headache and pain. Most patients (13/14) felt that the treatment was helpful.

Table 1. Patient baseline demographic data. All patients maintained stable medication levels.

Patient Information Value (SD*)

Patients enrolled 15
Patients completed study 14

Age (mean) 60 (12.64)
Male 6

Female 9
Diabetic (controlled) 3
Past sinus surgery 2

Hypertension 6
Patients reporting facial pain at the beginning of the study 9

* SD: standard deviation

Average post-treatment scores improved for both pain- and symptom-related domains
(Tables 2 and 3). The treatment was more effective on patients with facial pain (Tables 2 and 3).
Pain severity improved by one point on average for all patients and by 1.5 points for patients with
facial pain (Figure 3). In the BPI-SF, there are seven questions relating to pain interference with daily
life, called the interference domain. Patient mean scores in the interference domain improved from
2.0–0.89 for all patients (Table 4). Interestingly, the mean sleep domain scores of the BPI-SF interference
assessment improved by 2.36 points in all subjects and by three points in subjects with pain at baseline.
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Table 2. Changes in facial pain from Young et al. [40]. All 20 patients reported baseline facial pain.
Mean scores, SD, mean change in scores, effect sizes (Cohen’s d) and published p-values are included.

Item Baseline Post-Treatment Change (SD) Effect Size (Cohen’s d)

Facial Pain (from SNOT-20) 2.20 (1.73) 1.45 (1.46) 0.75 (1.48) 0.51 *
Facial Pain Analog Scale 4 (2.12) 3 (1.67) 1 (1.65) 0.76

SNOT-20 total score 43.15 (24.75) 27.40 (21.18) 15.75 (17.41) 0.90 ***

*** p < 0.001, * p < 0.05.

Table 3. Treatment results for patients with baseline pain (n = 9). Mean scores, SD, mean change
in scores, effect sizes (Cohen’s d) and p-values are included.

Domain Baseline Post-Treatment Change (SD) Effect Size

BPI-SF Severity (Facial Pain) 2.78 (1.97) 1.28 (1.72) 1.50 (1.56) 0.96 **
BPI-SF Interference 2.65 (2.44) 1.25 (1.86) 1.40 (2.26) 0.62
SNOT-22 total score 47.11 (18.80) 33.00 (16.56) 14.11 (16.85) 0.84 *

** p < 0.01, * p < 0.05.
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Figure 3. Improvement in BPI-SF severity domain pain scores for patients with baseline facial pain
after six treatments.

Table 4. Treatment results for all patients (n = 14). Five patients reported no baseline facial pain.
Mean scores, SD, effect sizes (Cohen’s d) and p-values were calculated.

Domain Baseline (SD) Post-Treatment (SD) Change (SD) Effect Size

BPI-SF Severity (Facial Pain) 1.82 (2.00) 1.02 (1.62) 0.80 (1.52) 0.67 **
BPI-SF Interference 1.91 (2.11) 0.83 (1.51) 1.09 (1.78) 0.60 *
SNOT-22 total score 41.47 (17.56) 34.27 (15.73) 7.20 (19.18) 0.45

** p < 0.01, * p < 0.05.

Patient scores of overall symptom and quality of life as measured by SNOT-22 improved,
with a medium effect size (Table 4 and Figure 4). The effect size of symptom improvement was
larger (and statistically significant p < 0.05) for patients who reported pain at baseline (SNOT-22 d
= 0.84, Table 3). Patients improved an average of 5.5 points in the symptoms domain of SNOT-22
(Questions 1–12) and an average of 3.14 points in the quality of life domain (Questions 13–22).
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Figure 4. Change in SNOT-22 scores for all patients after six treatments. Patients with baseline facial
pain are solid lines, and patients without baseline pain are dotted lines.

Total scores from BPI-SF and SNOT-22 were highly correlated (Figure 5), but there was one patient
who reported a large decrease in quality of life using the SNOT-22 form that was not detected using
the BPI-SF form. Similar questions are found in both forms, including quality of sleep, mood and
productivity; it is unclear why the patient reported slight improvement on the BPI-SF form and a large
decrease in quality of life on the SNOT-22 form.
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Endoscopy results based on visual inspection by Michael Smith before and after treatment
indicated reduced or completely resolved middle meatal edema in 13 out of 14 patients. Further
studies with larger numbers of patients should include an objective scoring system, quantitative
measures of edema and discharge, and based on our preliminary study, they should also focus on CRS
patients that present with facial pain. No device-related adverse events were observed or reported
for the 84 AxioSonic treatment sessions (six sessions for each of 14 patients), nor during the 30-day
follow-up after the last AxioSonic treatment session. Overall, treatment of CRS pain with AxioSonic is
safe, effective and has reduced side effects.

Effect sizes from Young et al. [40] were high and comparable to results from our paper for CRS
symptoms (Table 2). All of these patients had pain of at least one on a scale of 0–7. When we compare
results for patients that had facial pain, the AxioSonic multimodal treatment is more effective for
treating pain.

4. Discussion

This study measured changes in CRS-related quality of life measurements including facial pain
after treatment with multimodal frequency stimulation. Treatment with combined high frequency
(1 MHz) and low frequency vibration (70–80 Hz) reduced both pain and quality of life measures.
The effect size we observed for pain was larger than published results for a previous clinical trial
that used only 1-MHz ultrasound frequency [40]. We also observed an improvement in the sleep
subdomain of the SNOT-22, a crucial component of quality of life. There were no device-related
adverse events. No research has yet reported effects of low frequency vibration (50–100 Hz)
on CRS pain. Most of the published literature has focused on analgesia in the peripheral nervous
system [30,31,57–60], though some research has reported success treating temporomandibular disorder
pain [61,62]. Low frequency vibratory inhibition of nerves associated with the parasympathetic
nervous system may be partly responsible for the beneficial effects of treatment [63,64]. The current
study adds to previous research by testing the analgesic effects of vibrational neurostimulation for
facial pain.

Several clinical trials have reported improvements in pain after treatment with 1-MHz
ultrasound [40,52,54]. In a study by Ansari et al. [53], 95% of patients with facial pain at the beginning
of the study reported significant improvement after the study. The facial pain effect size observed
in our study (d = 0.96) was much higher than that estimated from Young et al.’s data (d = 0.51),
likely due to the application of multimodal frequencies (70–80 Hz and 1 MHz) in the AxioSonic system.
Our effect size for quality of life measures using the SNOT-22 questionnaire (d = 0.45) was lower
than Young et al.’s paper [40] (d = 0.9). One possible reason for this discrepancy could be due to
the fact most patients in Young et al.’s study [40] presented with facial pain, whereas in our study,
five patients did not present with facial pain at the beginning of treatment. When we take patients
presenting with facial pain into account, our symptom effect size (d = 0.84) is similar to Young et al.
(d = 0.90) [40]. In addition, we used the pain-specific metric (BPI-SF) and the SNOT-22 questionnaires,
had different treatment regimes, and our sample size was smaller, all of which can influence the end
result. Chronic rhinosinusitis symptoms can have a negative impact on quality of life [47], especially
in interference with sleep [65]. Lack of sleep is correlated with depression in CRS patients [3]. In our
study, patients experienced better sleep after treatment and reported improvement in overall quality
of life. In both questionnaires, the BPI-SF and the SNOT-22, patients reported increased ability for
uninterrupted sleep. The observed effect size in questions related to sleep in the BPI-SF was d = 0.64
and d = 0.61 for SNOT-22 in all patients (n = 14). Treating CRS pain with vibrational stimulation could
significantly decrease the burden of CRS on patients’ quality of life.

Overall, the effect sizes we observed were largest for patients with facial pain, the main targeted
symptom for AxioSonic multimodal treatment. Though this study only included nine patients with
facial pain, the average change in SNOT-22 scores was 16.85 for those patients. This is larger than
the minimal clinically-important difference (MCID) of 8.9 [66], indicating that patients with pain
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due to CRS could benefit significantly from this treatment. Further clinical studies should test the
relative benefits of different wavelengths and include a placebo control to quantify the effects of
various treatments.

Vibratory analgesia is based on the observation that stimulation of afferent nerves with mechanical
vibration reduces perceived pain [67,68]. The analgesic effect of vibration is likely due to both afferent
and cortical processes [64,67,69]. Combining vibratory stimulation with either electrical or thermal
stimulation increases the analgesia effect, probably due to the activation and recruitment of multiple
types of receptors [30,31,57]. Vibratory analgesia of 70–80 Hz has been successfully used to reduce pain
in various procedures, including IV insertion [59], blood collection [58] and experimentally-induced
pain [70]. In a study on patients with temporomandibular disorder, 20-Hz vibration on the cheek
reduced pain, but not as much as 100-Hz vibration [62]. Dual-stimulation therapy with application of
both heat and vibration could alleviate CRS pain, as we observed in this study.

The reduction in quality of life reported by CRS patients may be mediated in part by the
sphenopalatine (pterygopalatine) ganglion (SPG), near the maxillary sinuses and accessible through
the rear of the nasal cavity. The SPG is involved in tissue inflammation, lacrimation, mucus production
and other parasympathetic processes [71–74]. Low frequency neurostimulation (20 Hz, much lower
than ultrasound frequencies) of the SPG or the Vidian nerve leads to vasodilation and associated
inflammation [75,76]. Stimulation of the SPG at higher frequencies (50 Hz) resolves nasal congestion
and swelling due to cluster headaches [77] and may alleviate similar symptoms in CRS patients,
as well. Electrical stimulation and mechanical stimulation of peripheral nerves target similar types of
nerves [57], and both electrical [78,79] and vibratory stimulation [30,62,80] have analgesic effects [29].
Combining treatment modalities could lead to amplified analgesia [57].

Vibratory stimulation at 70–80 Hz could reduce facial pain in CRS patients through multiple
pathways, specifically by modulating the parasympathetic response. Neuromodulation through
vibratory stimulus can affect the activity of large diameter nerve fibers, subsequently exciting inhibitory
cells and reducing perceived pain [81]. Nerves associated with the SPG may also be involved,
and vibration could modulate the parasympathetic response [64,82]. These mechanisms of action could
explain the reduction in facial pain observed in our study and also the observation that over half of the
patients in our study reported that the AxioSonic device helped increase mucous discharge possibly
due to the thinning of bacterial biofilms [40]. Visual inspection by endoscopy as part of patients’
routine care showed improved edema and reduction or clearing of purulent discharge, suggesting
a reduced inflammatory response [83]. The deep heating and thermal effects of the 1-MHz waves
could also contribute to an additional reduced inflammatory response [40]. Our AxioSonic device
is hypothesized to work by a combination of modulating nociceptive receptors, deep heating and
reducing inflammation.

5. Conclusions

Chronic rhinosinusitis has a negative impact on the quality of life of at least 14% of the population
in the United States [84]. The data from our prospective clinical study support previous studies showing
improvement in facial pain and overall CRS symptom scores in patients treated with ultrasound at
a 1-MHz frequency. In addition, our studies show that adding an additional low frequency vibration at
70–80 Hz could improve the pain response in patients suffering from CRS and suggests that multimodal
vibration treatment would benefit patients, with few side effects and no risk of antibiotic overuse.
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