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Abstract: Ultra-high-frequency (UHF) external acoustic stimulation with the UltraQuiet device 
(UQ) has been reported to provide significant relief of severe disabling-type tinnitus. The nuclear 
medicine imaging technique of positron emission tomography (PET) was selected as a monitoring 
system to compare objectively metabolic alterations in brain function before and after UHFIUQ and 
to correlate the PET data with the subjective behavioral response of patients reporting tinnitus re
lief. PET of brain was completed on 6 patients randomly selected from a cohort of 15 patients in
cluded in a protocol to establish long-term tinnitus relief with UHF/UQ. Twelve specific regions of 
interest (ROJ) were selected for PET of brain examination on the basis of results obtained with 
single-photon emission computed tomography (SPECT) of brain examinations recommended for 
patients with severe disabling-type tinnitus and demonstrating significant perfusion asymmetries in 
the right and left brain ROJ of the primary auditory cortex; frontal, temporal, parietal, and medial 
temporal lobes; and cerebellum. PET of brain results included ratios of post- and pre-UHF/UQ 
stimulation that demonstrated no random response in the selected PET of brain ROJ and ratios of 
post- and pre-UHFIUQ stimulation that demonstrated three categories of response in the selected 
PET brain ROJ for all six patients: hypermetabolism in three patients; hypometabolism in two; and 
a mixed response in one. Correlation was established for each patient among PET and electrophys
iological responses of alteration in minimal masking levels, the residual UHF neuronal response as 
reflected in the UHF audiogram, and the subjective reported behavioral responses of patients (ob
tained from outcome questionnaires for tinnitus relief, which focused on tinnitus intensity, annoy
ance, severity index, and a subjective scale of value of the UHFIUQ device for tinnitus relief. The 
subjective behavioral response for tinnitus relief with UHFIUQ was found to reflect a dual effect: 
acoustic stimulation ofthe residual neuronal function in the UHF range (10-14 kHz) and audiomet
ric thresholds of 40-50 dB sound pressure level (SPL), and the metabolic activity at brain cortex 
for neuronal reprogramming. The PET of brain categories of response suggested that the UHFIUQ 
"masking" is predominantly reflective of neuronal reprogramming at the brain cortex. Nuclear 
medicine PET of brain imaging has provided an objective monitoring system for attempting to es
tablish the efficacy of UHF/UQ for tinnitus relief. No complication of the tinnitus was reported sec
ondary to the PET of brain examination. This limited PET of brain study supports the clinical 
recommendation of the efficacy ofUHF/UQ external acoustic stimulation for a selected population 
of patients with tinnitus of the severe disabling type. 
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Since 1989, nuclear medicine imaging has been in
troduced into the discipline of tinnitology for 
both basic science and clinical diagnosis and 

treatment. For basic science, nuclear medicine imaging 
attempts to understand and identify underlying mecha
nisms of tinnitus production and translational neuro
science for establishing structure and functional rela
tionships of brain and ear and to identify its underlying 
molecular genetic neurochemistry [1-4]. Clinically , nu
clear medicine imaging attempts to correlate structure 
and function, to identify conditions associated with tin
nitus , to improve the accuracy of the diagnosis of the 
tinnitus symptom, and to monitor the efficacy of thera
peutic modalities focused on tinnitus relief [5,6] . 

Ultra-high-frequency (UHF) external acoustic stim
ulation with the UltraQuiet (UQ) device (UHFIUQ) for 
attempting tinnitus relief has demonstrated significant 
initial success in providing short- and long-term tinnitus 
relief [7-13] . The nuclear medicine imaging technique 
of positron emission tomography (PET) was included 
in a study protocol for 6 patients randomly selected 
from a cohort of 15 patients with tinnitus of the severe 
disabling type (SIT) . Attempts were made to establish 
the efficacy of UHF for tinnitus relief both short-term 
(1 week) and long-term (8 weeks) . 

PET of brain , a direct indicator of glucose metabo
lism, a metabolic correlate of cerebral neuronal func
tion and its relationship to structure, was selected to es
tablish objectively a measure of comparison of the 
efficacy of UHF/UQ for short- and long-term tinnitus 
relief [14 ,15]. Furthermore, it was employed to monitor 
what, if any, alteration in brain metabolism occurred in 
brain regions of interest (ROI) selected for data analy
sis and to correlate the PET data with parameters of 
subjective hearing, balance, behavior, and electrophysi
ological responses of the cochlear vestibular system, 
both peripheral and central. Selection of the ROI for 
PET of brain analysis was based on a clinical experi
ence with single-photon emission computed tomogra
phy (SPECT) of brain, ongoing since 1989 at Down
state Medical Center-State University of New York. 
This clinical experience has revealed perfusion asym
metries in multiple regions of brain, highlighted by the 
frontal, temporal, medial-temporal, and parietal lobes 
and the cerebellum (A.M. Strashun , personal communi
cation) [1-5]. This study reports the PET of brain re
sults of 6 patients (of a cohort of 15) who were treated 
with UHF/UQ for 1 and 8 weeks and discusses its basic 
science and clinical implications. 

MATERIALS AND METHODS 

Six patients with SIT were randomly selected for brain 
PET of brain imaging from a cohort of 15 SIT patients 
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in whom the effects of external acoustic stimulation 
with UHF/UQ, both short-term (1 week) and long-term 
(8 weeks), were being studied for tinnitus relief. All 15 
patients had completed the medical-audiological tinni
tus patient protocol and the outcomes questionnaires 
[11 ,12,16,17]. The short- and long-term results of this 
study of the 15 tinnitus patients stimulated with UHF/ 
UQ for tinnitus relief have been reported [11-15] . 

PET of brain was performed initially within 1 week 
before UHF/UQ to establish baseline data and at the 
conclusion of 8 weeks of therapy . The final PET of 
brain imaging was completed within 5 minutes of the 
last UHF therapy (n = 5) and within 12 hours (n = 1). 

PET of Brain Technique 

PET of brain was obtained with a Siemens Exact 47 
ECA T scanner (Siemens/CTI). All acquisitions were 
performed in a two-dimensional mode. All emission 
data were attenuation-corrected using standard 68-
germanium transmission algorithms. All patients were 
scanned at 1 hour after intravenous administration of a 
standard lO-mCi dose of f1uorine-18-2-deoxyfluoroglu
cose (IsF-FDG). 

Data were transferred to a SUN workstation (SUN 
Microsystems, Inc.) and analyzed using commercially 
available Siemens/CTI software. Anatomical tissue im
ages were generated, and standard circular ROI were 
created for each patient in the study . The 12 areas 
studied included the left and right thalamus; the tempo
ral, auditory, parietal, and frontal lobes; and the cere
bellum (A.M. Strashun, personal communication). 

Standard uptake values (SUV) were calculated for 
each ROI using the following formula: 

SUV = Tracer uptake* 
Administered dose / Patient weight 

Paired t-tests were used to investigate differences 
for both interhemispheric and intrahemispheric differ
ences in the 12 ROI. SUVs were normalized by divid
ing the ROI by the value of the total brain. Data for 
each patient were paired, using each patient as his or 
her own control to eliminate baseline differences . For 
each ROI, interhemispheric counts were subjected to 
analysis for both pre- and post-UHF stimulation. This 
yielded 12 paired t-tests for each calculation. Data were 
analyzed for both raw and normalized SUVs. The Bon
feronni test for multiple comparisons was used to cor
rect for the number of tests performed, and any test that 

* Corrected for lean mass, serum glucose level, camera 
calibration factors, and time between dose administration 
and data acquisition. 
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Table L Ultra-High-Frequency Air Conduction Audiograms 

Frequency 
Patient PET 
ID No. Category Ear 10 k 11k 12 k 13k 14 k 

Hyper Right 80 85 85 95 90 
Left 65 75 75 85 95 

2 Hyper Right 80 90 95 95 90 
Left 75 85 95 95 110 

3 Hyper Right 95 100 115 120 NR 
Left 105 115 NR NR NR 

4 Hypo Right 45 65 75 75 80 
Left 35 60 79 80 75 

5 Hypo Right 35 25 25 40 35 
Left 25 20 25 30 35 

6 Mixed Right 35 30 40 60 80 
Left 45 55 70 70 75 

Note: Correlation with positron emission tomography of brain metabol ic 
categories. 
Hyper = hypennetabolic ; hypo = hypometabolic; mixed = mixed metabolic; 
NR = no response, 120 dB SPL; PET = positron emission tomography , 

produced a significance level of less than .00416 was 
considered significant at the .05 level. The same analy
sis was performed on the intrahemispheric recordings, 
comparing each ROI before and after UHF stimulation. 

Audiology 

Attempts were made to establish audiological corre
lates between the PET of brain metabolic findings and 
(1) UHF auditory thresholds at 10-20 kHz (Table 1); 
(2) minimal masking levels (MMLs; Table 2; Figs. 1, 
2); and (3) classic conventional audiometric thresholds 
(i,e., 250 Hz-8 kHz) [12-15]. Six patients with SIT 
were randomly selected from a cohort of 15 such pa
tients for study of the effects of external acoustic stimu
lation with UHF/UQ and their efficacy for tinnitus re
lief. Patients were randomly assigned to one of three 

Table 2. Summary for Each Patient 

Subjective Scale 
MML Feldmann 

Patient PET Change 1 Wk 8Wk Masking 
ID Category in dB After After Curve (1-4) 

I Hyper 5- 10 5 5 
2 Hyper 5-20 4 6 
3 Hyper 5-15 5 4 4 
4 Hypo 5-45 4 6 4 
5 Hypo 10-35 7 6 4 
6 Mixed 5- 10 5 5 4 

Note: Subjective scale (efficacy of UHF/UQ): 7 = very good; 6 = good; 5 = 
fair ; 4 = no change; 0-3 = poor. 
Hyper = hypermetabolic; hypo = hypometabolic; mixed = mixed metabolic; 
MML = minimum masking level. 
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Figure L Ultra-high-frequency air conduction audiograms 
(right ear) and correlated with positron emission tomography 
(PET) of brain metabolic categories: hypermetabolic (hyper), 
hypometabolic (hypo) , and mixed metabolic (mixed). 

groups. Group 1 patients received stimulation twice 
weekly for 2 weeks, were deprived of stimulation for 
2 weeks, and then received stimulation twice weekly 
for 3 weeks for a total of 10 sessions, Group 2 patients 
received stimulation twice weekly for 3 weeks, were 
deprived of stimulation for 2 weeks, and then received 
stimulation twice weekly for 3 weeks, for a total of 
12 sessions, Group 3 patients received stimulation twice 
weekly for 4 weeks, were deprived of stimulation for 
1 week, and then received stimulation twice weekly 

Patient ID 
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Figure 2. Ultra-high-frequency air conduction audiograms 
(left ear) and correlated with positron emission tomography 
(PET) of brain metabolic categories: hypermetabolic (hyper), 
hypometabolic (hypo), and mixed metabolic (mixed). 
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for 3 weeks for a total of 14 sessions. Follow-up was 
conducted for 1 week (short-term) and 8 weeks (long
term) after therapy had ceased. Correlation was at
tempted among the groups who received UHF/UQ and 
the metabolic categories of brain PET for the six tinni
tus patients selected for PET of brain imaging. 

Behavioral Responses 

Behavioral responses to the presence of tinnitus were 
recorded and evaluated after the SIT patients had com
pleted questionnaires regarding tinnitus intensity, severity, 
and annoyance [11,12,14,15]. In addition, each patient 
was asked to respond to several questions. 

Tinnitus Severity Index 
We attempted to identify subjective tinnitus severity by 
use of the tinnitus severity index (TSI), which consists 
of five questions . The test is easily administered, is 
brief, has clearly defined categories, and is simple for 
patients to answer. Patients were instructed to mark the 
degree of interference caused by the tinnitus for sleep, 
concentration, work performance, communication, and 
understanding. A rating scale of 0-7 points was used, in 
which 0 represents no interference and 7 signifies ex
treme interference. The maximum TSI score is 35 . 

Scoring was simple. The number marked for each 
question is viewed individually and then scored for all 
five answers. A score of 5-7 on any single question in
dicates extreme severity for that category. A score of 
3-4 on any question indicates a grade of moderate se
verity. A score of 1-2 on any question indicates a grade 
of mild severity , whereas 0 indicates no interference for 
a given question category. 

Subjective Evaluation of UHFIUQ Efficacy 
Each tinnitus patient's subjective evaluation of UHFI 
UQ efficacy was rated on a scale of 0-7 : very good, 7; 
good, 6; fair, 5; no change, 4; poor, 0-3 . The results 
were correlated with the PET categories of response 
(see Table 2). 

RESULTS 

PET of Brain Data Statistical Analysis 

Preliminary results indicated that patients who reported 
the best results had a decrease in activation in all ROI 
and in the total brain counts, as identified by the ratio of 
post- and pre-UHF/UQ acoustic stimulation (Figs. 3,4). 

When corrected for number of tests (Bonferroni cor
rection for 12 paired t-tests), the normalized data for 
the interhemispheric difference in the cerebellum, left 
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Figure 3. Ratio of before and after positron emission tomog
raphy (PET) metabolic standard uptake values in selected re
gions of interest (right and left frontal, right and left temporal , 
right and left parietal, right and left auditory, right and left 
thalamus, right and left cerebellum). PET of braIn metabolIc 
categories: hypermetabolic (hyper), hypometabolic (hypo), 
and mixed metabolic (mixed). 

versus right, were significant (p = .003) before UHF 
stimulation but were not significant after stimulation. 
For all patients, the left cerebellum prior to UHF stimu
lation showed more activity in the left side than the 
right. After UHF stimulation, only one patient still 
showed greater activity in the left cerebellum, one 
showed no difference, and three now showed greater 
activity in the right cerebellum versus the left side. The 
t-test for the raw interhemispheric SUVs for the cere-
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Figure 4. Ratios of before and after positron emission tomog
raphy standard uptake values for the total brain correlated with 
subjective efficacy scale for ultra-high-frequency Ultraquiet 
(UHFlUQ) treatment. 
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Figure 5. Cerebellum plots of positron emission tomography 
(PET) metabolic categories before and after ultra-high
frequency Ultraquiet (UHFIUQ) stimulation normalized to 
total brain standard uptake values (SUVs). PET of brain meta
bolic categories: hypermetabolic (hyper) , hypometabolic (hypo) , 
and mixed metabolic (mixed) . 

bellum did not obtain a critical value to be considered 
significant when corrected for multiple f-tests (p = .0052; 
Fig. 5) 

We found in all other ROI no significant difference 
in left versus right hemisphere in either pre- or post
stimulation (p > .05) . Intrahernispheric recordings showed 
no significant difference in pre- versus poststimulation 
(p > .05) uncorrected for Bonferroni. 

Scattergrams of the raw SUVs for individual pa
tients showed that patients responded individually and 
differently to UHF stimulation . When they were tested 
as a group with the paired f-test, the difference in re
sponses cancelled out and were not significant. 

Plots of the ratio of SUVs in PET of brain ROI of 
individual post- and pre-UHF stimulation demonstrated 
three categories of cortical responses in the ROI of 
brain selected for examination for the six patients: de
creased metabolic activity (hypometabolism, n = 2); 
increased metabolic activity (hypermetabolism, n = 3); 
and mixed metabolic activity (n = 1; see Fig. 3). 

Plots of the ratio of post- and pre-UHF stimulation 
showed a correlation of PET of brain activation counts 
with a patient's report of relief from tinnitus with 
UHF stimulation (see Fig . 4) and with the UHF pre
stimulus audiogram (see Figs. 1, 2; see Table 1). 
Three patients (identified as patients 1, 2 , and 3) had 
"fair" relief from symptoms and showed increased ac
tivation; one patient (patient 6) reported "good" relief 
and had a mixed activation pattern; and two patients 
(patients 4 and 5) reported a very good response to 
UHF stimulation and showed a decrease in PET SUV 
counts (see Fig . 4) . 

Because our sample size was small for this pilot 
study (six patients) , we were not able to factor out the 
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differences in SUVs on the basis of the patients' level 
of relief from symptoms. Positive associations were es
tablished among the PET of brain metabolic categories 
of response, UHF audiograms, minimal masking levels , 
and subjective reports of UHF efficacy for tinnitus re
lief (see Table 2) . No association of response was es
tablished between PET of brain metabolic categories of 
response and the conventional, classic audiogram and 
tinnitus annoyance [11-15] . 

The reader is referred to the tinnitus relief results re
ported both short- and long-term for the behavioral cor
relates established for UHF/UQ stimulation in the total 
cohort of 15 patients [12,15]. 

Audiology 

No patient subjectively reported an increase or decrease 
in hearing loss or tinnitus or vertigo at the conclusion of 
1 and 8 weeks of UHF/UQ stimulation and after the 
brain PET procedures . Classic acoustic stimulation au
diograms measuring 250 Hz-8 kHz revealed individual 
variations in hearing thresholds similar to those re
ported for the total cohort of 15 patients in the UHF/UQ 
study [11-15]. All patients reported varying degrees of 
tinnitus relief (see Table 2) . 

Correlation of the UHF audiograms and the subjec
tive response of the efficacy of the UHF/UQ with the 
brain PET metabolic categories revealed a consistent 
audiometric pattern (i.e. , SIT patients with auditory 
thresholds of 40-50 dB or less for the frequency range 
of 10-14 kHz subjectively reported the best results for 
tinnitus relief) . The variation in subjective tinnitus re
lief response (i .e., UHF efficacy for tinnitus relief) cor
related with and reflected the auditory threshold and re
sidual neuronal response in the 10- to 14-kHz range 
(see Figs. 1, 2,4). 

No correlation was established among a PET of 
brain metabolic category, the Feldmann masking curve , 
and the subjective scale of the efficacy of UHF/UQ 
with any PET of brain metabolic category in any tinni
tus patient. Two patients reported no significant change 
in their tinnitus 1 week after stimulation but good relief 
8 weeks after. All six patients reported some degree of 
tinnitus relief either at 1 week or 8 weeks after stimula
tion. The two patients who reported no significant 
change in their tinnitus 1 week after stimulation re
ported a fair degree of relief at 8 weeks after stimula
tion. No patient reported tinnitus as worse either at 1 or 
8 weeks after stimulation (see Table 2) . 

MMLs showed significant reduction at some fre
quencies for all six patients (see Table 2). The greatest 
shifts in MMLs were seen in the two patients in the hy
poactive PET category, with the maximal shift indicat
ing a 45-dB reduction. 
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Behavior Outcomes 

The best subjective response for efficacy of tinnitus re
lief with the UHF/UQ device was reported as "very 
good" by two tinnitus patients. The outcome correlated 
with the PET of brain metabolic category of hypoactiv
ity and UHF audiometric thresholds of at least 40-50 dB 
SPL and in the frequency range of 10-14 kHz (see 
Table 2). The subjective responses reported as "fair" at 
the conclusion of 1 and 8 weeks of stimulation by three 
tinnitus patients correlated with PET of brain metabolic 
categories of hyperactivity and audiometric thresholds 
greater than 40-50 dB SPL in the frequency range of 
10-14 kHz (see Table 2) . 

The mean TSI data scores for tinnitus severity 
across UHF/UQ sessions for the six tinnitus patients 
who completed the PET of brain were altered from 8.5 
to 5 .6 . That result was statistically significant. All six 
PET tinnitus patients reported a degree of tinnitus relief 
either at 1 week or 8 weeks after stimulation. Two of 
the six reported no significant change at 1 week after 
stimulation but moderate relief at 8 weeks after. In 
other words , a latency in the subjective report of tinni
tus relief was identified in these two patients at the end 
of 8 weeks of UHF external acoustic stimulation (see 
Table 2; Fig. 6) [10,11] . 

Correlation of the group UHFIUQ stimulation results 
and PET of brain metabolic categories for the six pa
tients revealed hypo metabolic activity in group 3 (n = 

2); hypermetabolic activity in group 3 (n = 1), group 2 
(n = 1), and group 1 (n = 1); and mixed activity in 
group 3 (n = 1). Apparently, no relationship was estab
lished among the group UHF/UQ stimulation results , 
the PET of brain metabolic category, and the reported 
tinnitus relief. None of the six SIT patient who com-
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Figure 6. Parameter tinnitus identification: mean scores for 
severity, intensity, and annoyance per ultra-high-frequency 
U1traquiet (UHFI UQ) session for the six patients with positron 
emission tomography brain imaging. 
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pleted the PET of brain study reported an increase in 
tinnitus or a subjective loss of hearing. 

Complications 

No patient reported additional subjective hearing loss 
or increase of the tinnitus (or both) with UHFIUQ ther
apy before or after the PET examinations . 

DISCUSSION 

This study is the first known nuclear medicine imaging 
study reporting the use of PET of brain in SIT patients 
in an attempt to apply UHF/UQ stimulation for tinnitus 
relief. The three metabolic categories of brain PET
hyperactivity, hypoactivity , and mixed activity (see 
Fig . 3)-identified in individual ratios before and after 
UHF/UQ stimulation in multiple ROI are clinically 
considered to reflect differences in cortical neuronal re
organization . The consistency of the PET response in 
the selected ROI suggests a neuronal pathway for the 
tinnitus signal or the UHF/UQ stimulus (or both). 

Our discussion focuses on the highlights of the PET 
study: metabolic categories of brain PET after UHFI 
UQ; the cerebellum; UHF audiograms; MMLs; behav
ior responses ; and questions of underlying mechanisms 
of hearing, masking, and tinnitus production. 

PET of Brain Data 

The finding of lack of random response in individual 
analyses of the ratios of post- and pre-UHF/UQ in any 
of the PET of brain ROI selected for analysis is signifi
cant. The PET of brain findings provide objective evi
dence for the efficacy of UHF/UQ in providing tinnitus 
relief and support the proposition of a neurophysiologi
cal component to tinnitus relief. Owing to the small 
sample size, we were not able to separate the patients 
into groups on the basis of their level of relief from tin
nitus and to determine whether a significant difference 
could be detected in their individual PET recordings. 
The only ROI that demonstrated a common asymmetry 
in all patients was in the cerebellum. The PET of brain 
findings support the results of an interneuronal network 
activation in tinnitus patients as reported in previous 
SPECT of brain imaging studies [1-6,18] . 

The three metabolic categories of PET of brain after 
UHF/UQ stimulation are considered to reflect the al
ready reported varying degrees of neural reprogramming
reorganization secondary to peripheral hearing loss 
[19]. Reorganization of the auditory cortex in tinnitus 
patients has demonstrated an expansion in the tinni
tus frequency area (more than doubled in size) , with a 
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suggestion of lower-frequency expansion below the 
expected frequency subsequent to the hearing loss [20]. 

Cerebellum 

The PET of brain finding of cerebellum involvement 
supports the hypothesis of involvement of the acoustic 
motor pathway in tinnitus patients (see Fig. 5) [18]. 
The frontal lobe and cerebellum ROI demonstrated the 
highest ratio of change before and after UHF/UQ stim
ulation. The reported PET findings of alterations in me
tabolism in multiple ROI of brain are consistent with 
the original SPECT of brain findings in SIT patients 
(i.e. , a reciprocal, interactive, interneuronal network 
reflecting brain function in tinnitus patients) [1-5,18]. 

The identification with PET of brain of metabolic al
terations in multiple ROI in brain involved with tinnitus 
supports the concept and findings reported initially 
with SPECT of brain of multiple ROI other than and in 
addition to the auditory cortex involved in tinnitus [1]. 

The high degree of consistency and the absence of 
random response for the three categories of metabolic 
response for the selected ROI support consideration of 
an underlying interneuronal network of activity in SIT 
patients in multiple ROI or a questionable pathway for 
both tinnitus and the UHF/UQ stimulation. We con
sider the finding of statistical significance in the cere
bellum in this study to reflect clinically the involvement 
of the acoustic motor pathway (i.e., integration of sen
sory and somatosensory components of the tinnitus 
complaint) [18]. 

One consideration is that PET of brain metabolic 
categories support the hypothesis that the UHF/UQ 
provides a bone conduction signal that exerts a bilateral 
effect on the inner ear and a direct vibratory stimulation 
via "fluid channels" to the entire brain. The mechanism 
of detecting bone- and fluid-conducted ultrasound is 
likely related to a single demodulating system. We hy
pothesize this system to be the brain. More efficient 
high-fidelity, high-frequency stimulation is obtained 
with the UHF/UQ system than is possible by air con
duction hearing [8,9]. 

The PET categories of response are considered to 
support the proposition that the application of high 
audio frequencies (> 10 kHz) to the skull by bone con
duction may produce "masking" in frequencies corre
sponding specifically to the brain's resonant frequency 
(approximately 15 kHz) [8]. Ultrasonic masking has 
been reported to suppress audio thresholds in the 8- to 
12.5-kHz range by 2-29 dB [21,22]. The maximum 
ultrasonographic masking effect was reported in a 12.5-
to 16-kHz range and less for frequencies higher and 
lower than the resonance peak characteristic for a reso
nance phenomenon [8]. The principle factor is not the 
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relative energy but its relationship to the fundamental 
frequency of the forced brain in motion [8]. 

UHF Audiograms and PET of 
Brain Metabolic Category 

Correlation of the PET data from the six patients with 
the UHF audio grams revealed that the best clinical sub
jective report of reduction in severity (in two patients) 
was in the hypoactive metabolic PET category and that 
the UHF audiometric thresholds were 40-50 dB SPL or 
less in the frequency range of 10-14 kHz (see Tables 1, 
2; see Figs. 1,2,4). Furthermore, the remaining two 
metabolic categories correlated with the residual neu
ronal function as revealed in the UHF audiograms and 
the reported tinnitus relief. Specifically, patients in the 
hyperactive metabolic PET category (n = 3) reported a 
tinnitus severity reduction lower than those in the hypo
active metabolic PET category and had audiometric 
UHF thresholds greater than those in the hypoactive 
metabolic group (i.e., audiometric thresholds of 50-60 dB 
SPL or more in the frequency range of 10-14 kHz). 

The one patient in the mixed PET of brain metabolic 
category (i.e., between the hypoactive and hyperactive 
metabolic categories) demonstrated "borderline" (40-
50 dB SPL) UHF audiometric thresholds for the fre
quency range of 10-14 kHz. The outcome in the one 
patient in the mixed category is considered to support 
the clinical significance of the correlation of the brain 
PET of brain metabolic categories and the UHF audio
gram. Specifically, the audiometric thresholds of re
sponse for the mixed category are for the right ear (be
tween 20 and 40 dB SPL for the frequencies of 10-
12 kHz and between 60 and 80 dB SPL for 11-14 kHz). 
For the left ear, the audiometric thresholds were re
duced overall (i.e ., 40-50 dB SPL at 12 kHz, and below 
40-50 dB SPL for the frequencies of 13-14 kHz; see 
Table 1; see Fig. 4) . One can clinically consider a "bal
ance" to have occurred at the periphery between the in
puts from left and right ears, which then was projected 
to the brain cortex and was identified with "mixed" 
plots of brain PET metabolic counts (i.e., not predomi
nantly hyper- or hypometabolic). The clinical response 
of this tinnitus patient in the brain PET mixed meta
bolic category was one of the best for tinnitus efficacy 
with UHF/UQ. We considered the UHF audiogram of 
that patient to support further the clinical impression 
that the UHF/UQ is most effective in SIT patients with 
a UHF audiometric threshold of response between 40 
and 50 dB SPL or less for the UHF frequencies of 10-
14 kHz. 

Correlation of the three metabolic categories of 
brain PET response with the UHF audiogram is hypoth
esized to reflect a dual effect (i.e. , in the periphery) of 
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the response of the number of residual functioning neu
rons in the UHF range at the basilar membrane in the 
cochlea, specifically the 10- to l4-kHz range, and at 
the cortex of neural reprogramming and reorganization. 
The integrity of the brain cortex is critical for plastic 
changes involving neural reprogramming and neural 
reorganization. The presence of a greater number of re
sidual neurons in the UHF at the 10- to 20-kHz range is 
considered to require a lower threshold of acoustic 
stimulation to respond (i.e., require less acoustic en
ergy), which is reflected centrally for neural reprogram
ming and reorganization at brain cortex as a metabolic 
hypoactivity. The category of metabolic hyperactive 
brain PET in tinnitus patients (n = 3) is clinically con
sidered to reflect a reduced number of residual neurons 
in the UHF range of 10-20 kHz; they require more 
acoustic energy for activation and therefore reflect as a 
metabolic hyperactivity at brain cortex. The one patient 
in the mixed category significantly revealed a UHF au
diogram considered to be "borderline" for tinnitus re
lief with UHF/UQ at the frequencies of 10-14 kHz, 
with audiometric thresholds on or about 40-50 dB SPL. 

Although this PET sample size (n = 6) is small, the 
correlation of the three PET categories of response with 
the UHF audiogram and the subjective scale of efficacy 
for the UHF/UQ supports our ongoing clinical experi
ence for patient selection for establishing tinnitus con
trol with UHF stimulation: that is , the best SIT patient 
selected for attempted tinnitus relief with UHF/UQ 
has demonstrated a UHF audiometric threshold of 40-
50 dB SPL or less in the frequency range of 10-14 kHz 
(see Figs . 1,2) [12-15]. 

Behavior Outcomes 

Attempts to correlate the subjective behavioral re
sponses of tinnitus patients for UHF tinnitus relief in
cluded questionnaires for tinnitus intensity and annoy
ance and the TSI. The results of the behavioral 
correlation have been reported for the total cohort (N = 

15) [11-15] . The PET of brain metabolic categories of 
response correlated with the feedback from the behav
ioral questionnaires of tinnitus intensity and annoyance 
and the TSI and with the subjective scale of efficacy of 
the UHF/UQ device as reported by the patients (see 
Table 2). Specifically, the best SIT responses were in 
the hypoactive metabolic PET of brain category (i.e ., 
where the UHF audiogram met the criteria of the 40- to 
50-dB or less audiometric threshold in the 10- to 14-kHz 
frequency range). Patients in the hyperactive metabolic 
brain PET category revealed a reduced correlation with 
tinnitus relief (i.e. , a poor UHF audiogram: audiometric 
thresholds > 40-50 dB SPL for frequency ranges of 
10-14 kHz). The one patient in the PET of brain mixed 
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metabolic category reported tinnitus relief as a reduc
tion in annoyance. We noted a consistency in the report 
of tinnitus relief for severity mostly in the hypoactive 
metabolic brain PET category (see Figs. 4 , 6) . 

Correlation of the PET of brain metabolic categories 
with the TSI results revealed a significant improvement 
and a tendency to response latency for tinnitus relief in 
comparing 1 week to 8 weeks of the UHF/UQ stimula
tion. Tinnitus intensity and annoyance demonstrated 
fluctuation (see Table 2; see Fig. 6) [11-15]. 

The latency in tinnitus relief reported by some pa
tients (see Fig. 6) at the end of the first and 8 weeks of 
stimulation is considered clinically to reflect a differen
tial rate of progressive neural reprogramming (individ
ual) and is based on two factors : (1) the peripheral re
sidual high-frequency neuronal function and (2) the 
integrity of the brain cortex (i .e ., the degree, if any, of 
damage at a cortical level interfering in neural repro
gramming and reorganization) (see Tables 1, 2; see 
Fig . 6) . 

Results of patients ' subjective evaluation of the effi
cacy of the UHF/UQ device for tinnitus relief demon
strated individual variability . Overall, in this limited 
PET of brain study, this outcome did not correlate with 
the reported decrease in intensity (i.e., TSI; see Table 
2). We suggest that although the UHFIUQ may provide 
tinnitus relief as reported by tinnitus patients, patients 
may not "want" or "like" this device. This finding is 
similar to our clinical experience with tinnitus acoustic 
masking attempting tinnitus relief and the hearing aid 
recommendation for attempting improvement in hear
ing and tinnitus relief [16]. This finding supports the 
clinical experience that treatment options differentiate 
between what is recommended for the sensory and af
fect components of the symptom of tinnitus [17] . 

Hearing 

No subjective hearing loss was reported by any of the 
study's six patients [11-15] . Potential damage (e.g. , 
high-frequency hearing loss and tinnitus) has been re
ported in listening to intense, head-coupled ultrasonic 
stimulation, which suggests a dynamic mechanism that 
is a function of the remaining hair cells and intensity of 
the ultrasonic stimulation [23]. We consider this PET 
of brain study to contribute to an understanding of 
underlying mechanisms involved in UHF/UQ acoustic 
stimulation and its application for tinnitus control. 

Questions 

Questions that have arisen from this study as a result 
of the PET of brain findings and that remain to be an
swered to explain the reported tinnitus relief with 
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UHF/UQ therapy include those of masking, acoustic 
space mapping, and structure of the neural code. 

I. Is the UHFlUQ acoustic stimulus a "masking" 
signal? Is the masking effect with UHFIUQ similar to 
or different from that resulting from classic acoustic 
stimulation? What is the site of action of the UHFIUQ 
stimulus: peripheral, central at brain cortex, or both? 

Also to be considered is that the mechanism under
lying the masking effect with UHF/UQ may not be the 
same as that with classic acoustic audio frequencies in 
the 250-Hz to 8-kHz range. The masking phenomenon 
of the auditory system is conceived to have different 
generators at different levels of the ascending and de
scending auditory system, with involvement of differ
ent and multiple neurotransmitter systems. 

The PET of brain data suggest that the "masking" 
for perception of UHF frequencies is a different mecha
nism from that of "masking" from classic conventional 
audio frequencies. The role of brain demodulation for 
sound perception and attempted tinnitus relief is sug
gested to be unique for UHF and introduces concepts 
new to that of classic acoustic masking [24]. 

The PET categories of metabolic response and their 
correlation with the UHF audiometric responses sup
port the suggestion that the "masking" effect may be 
predominantly cortical and is reflected in cortical neu
ral reorganization and reprogramming. We consider a 
predominantly cortical effect to be supported by the 
lack of correlation of the PET of brain metabolic cate
gories of response and the Feldmann masking curves 
(see Table 2). The Feldmann masking curves are clini
cally considered to reflect a masking response, predom
inantly in the cochlea, of residual functioning neurons 
at the basilar membrane between the frequencies of 
250 Hz and 8 kHz. The "masking" effect with UHF/UQ 
suggests consideration of different loci and mechanisms 
for masking (i.e., classic acoustic, electrical, UHF, and 
ultrasonic frequencies, as well as other types of stimu
lation of the brain and cochleovestibular system). Fur
thermore, that classic conventional acoustic stimula
tion (250 Hz-8 kHz) is different from the "masking" 
achieved with UHF masking. 

In classic masking, a noise band is effective gener
ally if it overlaps with the sound to be masked [24]. An 
exception is the case of upward spread of masking 
when a low tone at a certain intensity can mask a tone 
much higher in frequency. In our study, MMLs were 
reduced across the audiometric range (250 Hz-8 kHz), 
varying individually by degree. Thus, UHF therapy had 
a downward-spread effect on the lower frequencies . Of 
course, UHF is not masking in the sense that it is not 
applied simultaneously in MML testing. This all is con
sistent with a central masking process. Possibly, multiple 
levels in the auditory neuraxis are involved. UHF could 
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activate the olivary system, changing the afferent output 
of the cochlea, or plasticity in neural responses could 
change from the thalamus through the cortex [9,10]. 

The MML alterations varied in different degrees for 
each of the three PET of brain metabolic categories of 
response (see Table 2). The most significant alteration 
in MMLs (i.e., reduction in masking level [dB]) was in 
the PET of brain hypoactive metabolic category. One 
can hypothesize that the MML variations after UHFI 
UQ stimulation will reflect the number of residual neu
rons in the cochlear range (10-20 kHz), requiring 
acoustic threshold intensity of 40-50 dB SPL or less for 
activation. The correlation of PET of brain data and the 
MMLs suggests that the masking mechanisms with 
UHF/UQ frequencies is different from masking mecha
nisms achieved with classic acoustic frequencies (i.e. , 
250 Hz-8 kHz). 

2. Does the UHFIUQ stimulus stimulate only the 
brain and not the residual UHF frequencies in the 
cochlea or both? How does electrical stimulation 
achieved with a bone-conducted stimulus differ from 
UHFIUQ stimulation, if at all? 

It is hypothesized that UHF/UQ stimulates the co
chlea and the brain. The UHF/UQ sets the brain in mo
tion. Brain demodulation results in neural reprogram
ming and reorganization at a cortical level in multiple 
areas of cortex, which, when successful, masks the tin
nitus and is reported by tinnitus patients as tinnitus re
lief [8,9]. We suggest that differentiation be made among 
classic acoustic masking, UHF/UQ masking, and elec
trical masking. 

Alterations in the MMLs (see Table 2) and their cor
relation with the PET categories of response suggest a 
new concept of masking for UHF/UQ other than that of 
classic acoustic masking at 250 Hz-8 kHz (i.e., the sub
stitution of one sound for another). Similarly, our expe
rience with attempting electrical suppression for tinni
tus relief suggested that "electrical masking" was 
different from classic acoustic masking at 250 Hz-
8 kHz. Electrical masking was hypothesized to explain 
electrical suppression of tinnitus (G . McCandless, per
sonal communication) [25]. 

Nuclear medicine imaging in general and demon
strated with PET of brain in this study provides a means 
to identify underlying molecular genetic and neuro
chemical mechanisms-individual or shared (or both)
that are involved in the masking effect of a given mask
ing signal in attempting tinnitus relief. A preliminary 
report of the application of magnetoencephalography to 
try to establish electrophysiological evidence of classic 
acoustic masking has reported involvement of the tem
poral lobe [26]. 

3. What are the meaning and significance of the im
ages of the present PET of brain imaging study intro-

121 



International Tinnitus Journal, Vol. 10, No.2, 2004 

duced to objectify and monitor the UHFIUQ stimula
tion in attempting tinnitus relief? 

It is suggested that the ROI selected for examination 
with PET of brain in this study reflect an auditory space 
map in tinnitus patients exposed to UHF/UQ. Whether 
the metabolic function in these ROI, as demonstrated 
with PET of brain, reflects the tinnitus signal or that of the 
UHF stimulus or both remains for future investigation. 

We suggest that the PET of brain metabolic catego
ries reflect (I) the response at brain cortex of the input 
from the spread of the displacement in the basilar mem
brane to the remaining intact UHF hair cells in response 
to UHF/UQ acoustic stimulation and (2) the metabolic 
correlate of neuronal programming at brain cortex. 
Cortical neural reprogramming depends on the integrity 
of the brain cortex . For example, the presence of cen
tral nervous system disease, particularly cerebrovascu
lar disease , may influence or interfere in both neural re
programming at brain cortex in response to UHF/UQ 
stimulation and resultant tinnitus relief. 

This PET of brain study demonstrates the involve
ment of multiple ROI in the brain in tinnitus patients , 
not only in the auditory cortex. The role of the auditory 
cortex in auditory space mapping occurs in the process 
of identification [27]. The PET of brain data support 
the view that the function of the auditory cortex is dy
namic and not stable. Homeostatic synaptic stability is 
considered crucial for activity-dependent stabilization 
of the neural circuits [28]. The auditory cortex con
stantly responds with a reorganization response to an 
experience for a sensory task to receive relevant stimuli 
[29 ,30]. The PET of brain data in this study are consid
ered to reflect this alteration in multiple areas of brain, 
including the auditory cortex, resulting from an aber
rant stimulus (i.e., tinnitus or UHF stimulation , or both). 

Variations in degree and duration of tinnitus control 
with UHF/UQ may reflect a preexistent alteration in the 
integrity of the brain cortex, which may interfere in 
neural reorganization in the auditory cortex. A subset 
of a large population of neurons has been reported to 
respond to the auditory stimulus frequency (i.e., UHF/ 
UQ) [8 ,9] . 

Observed electrophysiological cortical changes have 
been linked in animal experiments to behavior [30,31]. 
Our UHF/UQ PET study raises a question: Was the 
subjective behavioral response of tinnitus relief the cause 
of the metabolic change in brain cortex as reflected in 
the PET of brain metabolic categories reported or did 
the absence of cortical reorganization result in the be
havioral response of less tinnitus relief? Again, the ques
tion arises: If residual central nervous system cortical 
damage exists in a particular tinnitus patient, how may 
it influence cortical reorganization and response to UHF 
stimulation or to other modalities attempting tinnitus 
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relief? Our study suggests a direct cortico-cortical mod
ulation pathway with activation of the auditory cortex 
by the UHF/UQ or subcortical input and interneuronal 
inputs from other ROI. 

4. Is the tinnitus relieffrom the UHFIUQ stimulus a 
true "masking effect" or is the reported tinnitus relief 
a behavioral response? What are the meaning and clin
ical significance of the PET of brain images? Are the 
PET of brain metabolic categories of tinnitus relief 
the behavioral response of SIT patients and thus do 
they reflect the neuronal reorganization at brain audi
tory cortex and associated ROI in brain that has ac
tively tuned itself to a newly acquired stimulus (UHFI 
UQ)? Is the variation in the reported degree of tinnitus 
relief in the ROI a clinical reflection of a sensory-affect 
transformation of an aberrant auditory sensory stimu
lus hypothesized to occur in a final common pathway 
not only for the aberrant auditory stimulus tinnitus but 
for all sensations? 

Our PET of brain study with UHF/UQ stimulation 
and its associations with sensory parameters of tinnitus 
intensity, severity, and the affect parameters of annoy
ance and subjective evaluation of the UHF/UQ device 
is clinically considered to demonstrate the reported dif
ferent components-sensory and affect-of the symp
tom of tinnitus. The transition between the two is hy
pothesized to occur in a final common pathway for 
tinnitus. We suggest that the integrity of this pathway 
influences not only the individual response to a sensa
tion but the behavioral response. We further consider 
the results of this brain PET study with UHF/UQ to 
support the hypothesis of a final common pathway for 
tinnitus [5] . 

The problem one faces with the clinical interpreta
tion of the PET of brain data is that it is limited to six 
SIT patients and that the organization of the cortical au
ditory system is still controversial in 2004 [32]. The 
PET of brain data of this study contribute to basic sci
ence questions in systems neuroscience of the structure 
of the neural code [33] . The PET of brain metabolic 
categories of response in this study contribute to an un
derstanding of this issue. Tinnitus, an aberrant auditory 
stimulus, is hypothesized to reflect a dysynchrony 
within the cochlear vestibular system, which clinically 
is manifested with the significant behavioral response 
(e.g., anxiety, depression) [17 ,25] . Also to be consid
ered are recent reports that coding and transmission of 
information by neural ensembles involve complex tem
poral dynamics that characterize cortical function . 
When oscillation of neurons is coherent rather than 
noise, the result is a "normal" flow of information [33]. 
In our study, the absence of random activity in the ROI 
of brain suggests a coherence in oscillation at brain 
cortex that is variable, as reflected in the metabolic 
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categories of PET of brain. The variabilities in coherence 
are clinically considered to have been identified by the 
three PET of brain metabolic categories of response to 
the UHF/UQ and are also associated with the individual 
degrees and latency of occurrence of reported tinnitus 
relief, a behavioral response. 

Whether regional specialization occurs in cortical 
processing of a complex sound is unclear [32]. Imaging 
goes beyond investigations of the cortical auditory sys
tem with electrophysiological recordings. The symp
tom of tinnitus and sensory disorders requires a synergy 
between electrophysiology and nuclear medicine imag
ing to correlate and identify findings for understanding 
underlying mechanisms and neurochemistry involved 
in brain structure and function. In our study, the PET of 
brain data are considered to provide a "road map" for 
neurophysiologists to investigate not only the tinnitus 
signal but the pathway of the UHF/UQ. The ROI iden
tified suggest that areas other than that of the auditory 
cortex have to be investigated in all tinnitus patients 
using different modalities of therapy and techniques. 
Techniques other than PET to be considered for investi
gation include cytoarchitecture; histochemical proce
dures [34-36]; tract-tracing studies [37,38]; and tMRI, 
electroencephalography , magnetoencephalography, 2-
deoxyglucose autoradiolucency [39], and optical imag
ing [40-42]. Our PET study reinforces the need for fu
ture studies that go beyond investigation of the primary 
auditory cortex for auditory processing of the tinnitus 
signal but also of that of modalities of therapy attempt
ing tinnitus relief [1-5,18] . 

Distinct pathways for processing different aspects of 
acoustic stimuli that have been proposed are analogous 
to the functional streams proposed in visual cortex (i.e., 
dual processing streams) [43-45] . It is suggested that 
the PET results may reflect an anteriorly directed 
"what" pathway of the sensory stimulus and a posteri
orly directed "where" pathway - both of which may 
have application for auditory processing. The activa
tion of different cortical areas is reported to have be
havioral consequences of reversibly inactivating differ
ent cortical areas [30,31]. Investigations have placed 
emphasis on the correlation between auditory signals 
and speech processing in acoustic processing. Integrat
ing such reports with results of nuclear imaging studies 
in severely disabled tinnitus patients is necessary. 

The use of UHF/UQ in this PET of brain study, al
though limited to six SIT patients, may provide such a 
start for understanding the auditory space map of the 
tinnitus signal. Our PET study provides a method for 
quantifying brain function in multiple ROI rather than 
only in a single area (i.e., the primary auditory cortex). 
This study reinforces the need not only for bottom-up 
but for top-down imaging studies in SIT patients. Tin-
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nitus provides a unique opportunity to understand an 
aberrant sensory stimulus and its behavioral conse
quences. Nuclear medicine brain imaging provides a 
basis for asking the right questions that may contribute 
to understanding the final common pathway for tinnitus 
and the ultimate improvement in the clinical diagnosis 
and treatment methods not only for tinnitus but for all 
sensory phenomena. 

SUMMARY AND CONCLUSIONS 

No patient reported a subjective increase in hearing 
loss , tinnitus, or imbalance after UHF/UQ therapy and 
pre- and post-PET brain scanning. PET of brain, a nu
clear medicine imaging technique, has in this study 
provided an objective, quantitative, noninvasive mea
sure of the efficacy of a modality of therapy attempting 
tinnitus relief (UHF/UQ stimulation). The PET of brain 
data and the degrees of tinnitus relief-ranging from 
very good to fair- from UHF/UQ correlated with three 
PET categories of metabolic response in brain cortex. 

The PET of brain metabolic categories of response 
have demonstrated a correlation among residual periph
eral UHF neuronal function; subjective outcomes ques
tionnaires of tinnitus intensity; MMLs; the TSI; annoy
ance; and subjective behavioral reports of tinnitus 
relief. We believe that the PET results support our hy
pothesis that UHF/UQ brain demodulation with neural 
reorganization occurs in multiple cortical areas, result
ing in tinnitus relief. The PET of brain categories of 
metabolic response with UHF/UQ demonstrated the 
significance for tinnitus relief of residual functioning 
UHF neurons for tinnitus relief (i.e., 40-50 dB SPL au
diometric thresholds for frequencies of 10-14 kHz). 
We suggest UHF audiometric testing for tinnitus pa
tient selection when attempting UHF/UQ stimulation 
for tinnitus relief. 
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