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ABSTRACT 

The effectiveness of tinnitu maskers were investigated. Previous studies have suggested 

that t i~ i tus  maskers may provide tirnitus relief, but the number of patients who benefit 

front tinnitus maskers is unclear. Eighteen subjects, 44 to 68 years of age, were selected 

to participate in the study. Subjects were randomly assigned to receive either a tinnitus 

masker or a placebo device. After six weeks, subjects were fitted with the alternative 

devices. Success was determined primarily by comparing ratings of the Iowa Tinnitus 

Questionnaire. Results indicated no sigmficant differences between the tirnitus masker 

and placebo devices. These results suggest that tinnitus maskers are not successful in 

the treatment of tinnitus and efforts should be made to investigate other foms of tinnitus 

treatment. 
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mTRODUCTIOX 

The perception of an auditory stimulus in the absence of auditory stimulation is 

defined as tinnitus. Tinnitus patients most fkquently describe tinnitus as a ringing or 

b e n g  sound Mild transient tinnitw is experienced by most people at one time or 

another and is generally not regarded as a problem. In contrast, some individuals with 

chronic tirnitus report that their tinnitus is a life altering condition. 

There are two categories of tinnitus, objective and subjective. Objective tinnitus, 

a fairly rare condition, does not fit the traditional definition of tirnitus as an auditory 

stimulus is present and it can be heard by othen. Generally, objective t i ~ i t u s  results 

from interna1 blood tlow. Subjective tinnitus is the more common fom of tinnitus. 

Subjective tinniw can be heard only by the patient. 

Tirnitus is a common and ofien debilitating condition (Arnerican Tirnitus 

Association, 1986; Coles, 1984a, l984b; National Centre for Health Statistics, 1967, 

1980; Stouffer & Tyler, 1990). In the United States, a general population study indicated 

that 32Y0 of the population suffered from tinnitus (National Centre for Health Statistics, 

1967, 1980). in the United Kingdom, a sirnilar study reported tirmitus prevalence to be 

approximately 35% (Coles, 1984b). The results of both the US. and U.K. data indicated 

that about 2% of the tirnitus sufferers report that their tinnitus is severe (Coles, 1984a, 

l984b; National Centre for Health Statistics, 1967, 1980) and in the British study roughly 

0.5% of the individuals suffering from tinnitus felt that the ability to lead a normal life 

was affected (Coles, 1984a, l984b). The prevalence of tinnitus is even higher in the 



hearing îrnpaired. where 70-850h of individuals with sorne form of ear dysfunction 

rsprrienced tinnitus (Housr & Brackmann, 198 1 ). 

Tyler and Baker ( 1983) administered an open-cnded questionnaire to 71 memben 

of a Nottingham self-help group. The investigators asked participants to lkt difficulties 

they anributed to their tinnitus. Problerns listed by 15*0 or more of the panicipants were 

(a) getting to sleep, (b) penistence of tirnitus, (c) understanding speech. (d)  depression. 

(e) annoyance, (f)  confusion, and (g) dependence on dmgs. 

Analysis of l9,OOO questionnaires mailed to a random sample of the British 

population indicated that tinnitus patients are affected by sleep disturbances and repon a 

severe effect on their ability io lead a normal life (Coles, 1984a, 1981b). Coles ( l984b) 

concluded that the prevalence of tirnitus increases with age and noise exposure. 

Lindberg, Lynens, Melin and Scott (1 984) snidied 1.90 1 patients from the 

departments of audiology and otolaryngology at a Swedish hospital hearing centre. Fi@- 

nine percent of the patients claimed that they were troubled by tirnitus. Among those 

patients with both a hearing loss and subjective tinnitu, 23% reported that the tinnitus 

was the greater problem. Thirty-eight percent of the respondents stated that the tirnitus 

and he&ng loss were equally troublesorne. The authon suggested that the extent of the 

problems endured by the tinnitus sufferer is obscured because tinnitus patients are ofien 

inforrned that no available treamient exists. 

A study conducted by the Arnerican Tirnitus Association (1986) analysed 2,550 

questionnaires. Thirty-eight percent characterized their tirnitus as ringing and 77% 

indicated that it was always present. Furthemore, 14% reponed a moderate amount of 
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interference with their general enjoyment of life and 6% had pemanently or temporarily 

quit work because of tinnitus. 

There have been many models proposed to explain the mechanisrns of t i ~ i t u s  

(Eggermont, 1990; Hazell, 1995; Jameboff, 1990; Kitahara, Kitano, Suzuki & Kitajimak, 

1995; Tonndorf, 1987; Zenner & Ernst, 1995). None of these models adequately account 

for al1 of the possible causes of tinninis. It is known that tinnitus is linked with many 

different auditory disorden (Fowler, 1934). Therefore, it is probable that more than one 

mode1 of tirnitus is necessary to explain timitus arising from different locations within 

the auditory pathways. 

Clinical observations suggest that the generator responsible for tinnitus is likely a 

weak signai generated by a relatively small disturbance in the auditory system. Auditory 

Brainstern Response (ABR) data show no significant differences between tirnitus 

subjects and non-tinnitus sufferers. No di fferences have k e n  found in resting thresholds. 

(lastreboff , h e r  & Hassen, 199 1 ). Additionally, tirnitu is not detectable in the random 

activity of the auditory nerve (Sininger, Eggermont & King, 1992), and except in rare 

cases, tirnitus is not related to spontaneous otoacoustic emissions (SOAE's) (Pemer & 

Burns, 1987). 

Peripheral mechanisms have been suggested to account for tinnitus (Kemp, 198 1; 

Lepage, 199 1 ; Meikle, 1995). Most of the common etiologies of sensorineural hearing 

loss (eg. noise-induced hearing loss, Meniere's disease, ototoxic drugs, presbycusis) are 

associated with tinnitus. This implicates the cochlear mechanism as a possible key 

generator site for tinnitus, at Ieast in those individuais whose hearing loss has a cochlear 
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ongin (Lenarz, 1992). Also, peripheral hearing los tends to exen a strong effect on the 

perceived pitch of the t i ~ i t u s  (Meikle, 1995). However, malfunction at the level of the 

peripheral auditory rnrchanism can not account for al1 cases of tinnitus. For example, 

tinnitus is sometirnes present in individuals with normal hearing. 

In addition, several observations related to psychophysics support a central origin 

and/or a central representation of tinnitus. Masking studies show that tinnitus does not 

behave consistent with auditory sensations elicited by external stimuli (Feldrnann, 1987; 

HazeIl& Wood, 198 1). For example, masking tirnitus depends o d y  slightly on the 

tiequency of the maslier, condateral masking is usually as effective as ipsilateral 

masking, habituation does not occur with tinnihis and residual inhibition is observed in 

some individuals. Aiso supporting a central ongin for tinninis is the observation that of 

acoustic neuroma patients, of whom nearly al1 report tinnitus, less than half show 

irnprovernent in their tinnitus following surpry, even if the eighth nerve has been 

sectioned (House & Brackmann, 198 1). 

Similarities between tinninis and pain have been explored (Tomdorf, 1995). Both 

are subjective and both rnay Vary in quantity or character over time. Both may be 

masked by suitable inputs, but not in al1 cases. Both c m  be alleviatrd using electrkal 

stimulation. Further, tirnitus shares many characteristics with phantom limb phenornena. 

For exarnple they both mirnic extemal stimuli, refer to specific anatomical locations, and 

peaist in the face of deafferentiation (Melzack, 1992). 

If al1 tinnitus was produced by an identical mechanisrn, one would expect a 

universal treatment to be effective for ail tinnihis sufferers. This has not been 
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demonstrated. Research as well as clinical observations indicate that it is probable that 

more than one basic tinnitus mechanism exists. 

Psychophysical measurements of tinnitus have describrd tirnitus loudness, pitch 

and other factors. A psychophysical evaluation involves rneasuring a particular 

comportent of tirnitus, such as loudness or masking tinnitus (Kul;, Tyler, Russell & 

Jordan, 1990; Penner, 1 984, 1986, 198%; Penner, Brauth & Hood, 198 1 ; Tyler & 

Conrad-Armes, 1983, 19M;). The magnitude of the tinnitus is generally specified in 

terms of the sensation level of a pure tone said to be as loud as the tinnitus (Vernon, 

1976). Ofien the pure tone used is tow fiequency to ensure it is not confused with the 

tirnitus. Vernon (1976) reported that 69% of the patients match their tinnitus sensation 

level to an extemal tone of 10 dB SL or les. This seems nnprïsing that tirmitus should 

be so annoying if its rneasured SL is so low. However, tinnitus clearly does not behave as 

an external tone of 10 dB SL. For exarnple, it usually cannot be masked for 30 minutes 

by a noise loud enough to mask an extemal tone at 10 dB SL. 

The use of either ipsilateral or contralateral masking can identifi tinnitus 

sufferers who are good candidates for tinnitus rnaskers. It is dificult to determine which 

of ipsilateral and contralateral masking is most effective until ac-1 clinical trials are 

perfoned. Clinically, this is achieved by having the patient indicate when an external 

masking noise is raised to a sufficient level to obscure the patient's tirnitus. A low or 

moderate level of masking is required to mask the tinnitus of patients who are good 

candidates to use a tinnitus rnasker. Patients who are not good candidates to use a masker 
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either require high levels of masking noise to mask their tirmitus or their tinttitus cannot 

be masked, regardless of masker level. 

Residual inhibition occun when the tinnitus is reduced or eliminated following 

the termination of a masker (Feldmann, 197 1). This can also be evaluated clinically . The 

client is presented with an extemal noise stimulus that is known to mask their tinnitus. 

Following presentation of the noise, the client is asked to respond when their tinnihis 

returns and report whether it retumed at the same loudness, less loudly or more loudly. 

Many studies have measured tinniius parameters by seWrating scales and 

psychophysical procedures. Self-rating scales have been used to measure annoyance, 

Loudness, pitch, severity, and other factors associated with tinnitus (Axelsson & 

Ringdahl, 1989; Coles, l984b, 1990a; Lindberg et al., 1984; Slater & Terry, 1987; 

Stouffer & Tyler, 1990a, 1990b). Of particular interest is the Iowa Tinniw Handicap 

Questionnaire (Appendix I) which is used to identifi specific areas of handicap and to 

monitor a patient's progress with particular heatment programs (Kuk et al., 1990). The 

development of this questionnaire consisted of two phases. Phase I involved the 

administration of 87 questions to 100 tinnitus patients. From their responses, 59 items 

were eliminated due to redundancy or insensitivity to ciifferences among subjects. 

Redundancy was detemined by examining the correlation coefficients among items 

combined within each subscale. lnsensitivity was detemined by assigning a frequency 

count of the proportion of time a specific rating kvas  assigned to each item.1tems assigned 

a O or 100 50% of the time were deemed insensitive. Phase ll consisted of administenng 

the 27 remaining questions to 3 19 patients. A factor analysis of the patients' responses 
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reveaied a three-factor structure. Factor one exarnined the emotional, physical and social 

consequences of tinnitus. Factor wo looked at the hearing ability of the patient. Finally, 

factor three involved the patient's view of their tirnitus. The questionnaire displayed high 

interna1 consistency reliability (Cronbach's alpha = 0.941, and validity as reflected by 

correlations with satisfaction and depression scales. The Iowa Tinnitus Handicap 

Questionnaire was developed in an attempt to standardize rneasures used to validate the 

e fficiency of different treatment approaches. 

A second questionnaire, The Tirnitus Questionnaire (Appendix n), contains 

questions designed to obtain data on patient reactions to their t i ~ i t u s  (Stouffer & Qler, 

1 WOa). The responses are meant to generate data concerning population charactenstics, 

percephial characteristics, the impact of tinnitus on daily life, and etiology. 

There exists no medical or surgical cure for tirmitus (House & Brackman, 198 1 ). 

Various surgical techniques have been attempted over the yean including excising the 

main mink of the vestibular nerve and sectioning of the cochlear nerve (Fisch, 1970). 

Results to date have been unpredictable and success rates low. Many available 

medications used for the reduction or elimination of tirnitus spptoms have severe 

limitations and/or side effects (Brown et al., 198 1, Goodey, 1987; Murai, Tyler, Harker 

& Stouffer, 1992). Intravenous lignocaine is the only pharmacological treamient known 

to greatly reduce or abolish tirnitus in a high percentage of patients (Melding & Goodey, 

1979). However, the effect lasrs only a few minutes or hours. 

Biofeedback techniques have also been utilized in the management of tinnitus. 

Biofeedback is designed to give the client conscious control over a physiological variable 
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of which sihe has had no previous consciou control. This strategy does not decrease the 

severity of the tirnitus but rather, teaches the patient to relax and tolerate the tirnitus to a 

czreater extent. Camen and Svihovec ( 1984) found a significant correlation between 
C 

tinnitus and tension Ievels as reported on self-rating scales. 

Many foods and dmgs have been reported to cause or ageavate thnitus. 

Withdrawing these causal agents would presumably result in elirninating or alleviating 

tinnitus qmptoms. Such agents reponed include aspirin, quinine, coffee, tea, red wine, 

tonic water, cheese, and chocolate (Goodey, 198 1 ). These daims have not been 

substantiated with experimental evidence to date. 

It has long been reported by hearing-impaired individuils that their tirnitus could 

be diminished by wearing a hearing aid (Saltzman & Enner, 1947). It is assumed that the 

amplified sound may mask the patient's tinnitus. 

Another promising technique used to alleviate tinnitus is electical stimulation. 

Politzer (1953) fint noted a relief of tirnitus when direct current was applied to the ear 

of one of his patients. Studies to date have met with some success (House, 1984). 

However, there is some evidence that long term electical stimulation damages tissue, 

particulariy neural tissue (Aran, 1977). 

Counselling should be incorporated in some fashion with al1 forms of tinnitus 

management. Individuals with tinnitus need information regarding what is known and 

what is not known about tinnitus. They need to h o w  that their tirnitus is not life 

threatening and that tinnitus is not normally an indication that their heaing sensitivity 

wÏll decrease (Sheldrake, Wood & Cooper, 1985). It is important to realize that tinnitus 



cm create a psychological problem or can elevate an existing problem. 

Habituation and desensitization are two new tinnitus treatrnents that are based on 

psychological behaviou. modification techniques. Habituation is essentiall y a decrease in 

a response to a stimulus afier repeated exposures. It diffen from adaptation which is a 

decrease in information from the sensory system. Jasaeboff and Hazell(1993) proposed 

the use of habituation for tinnitus treatment, and early resulü are promising. Systematic 

desensitization is aimed ar treating people with maladaptive anxiety (Wolpe, 196 1). It 

involves repeated exposure to an aversive stimulus which is dien paired with a pleasant 

experience (eg. relaxation). More research is required to determine the vaiidity of tius 

method. 

Tinnitus rnaskers are portable noise pnerators that produce either wide band or 

narrow band spectrum noise. The devetopment of the tinninis masker resulted from work 

conducted by Vernon ( 1975). Tinnitus masken are available as separate masking uni& or 

as combination devices containing a hearing aid. The volume of the masker is controlled 

by the user. Thus, when fitting masking devices, it is important to remember that they 

are capable of generating sufEïciently loud sounds to damage hearing. Therefore, over- 

amplification should always be avoided when fitting the device. 

Timinis sufferers may gel active or passive relief as a resuit of wearing a tirnitus 

masker. Active relief is obtained when the device is wom. The masking sound "covent' 

the tinnitus and is deemed more "tolerablc" than the tinninis. Vernon and Schleunin_r 

( 1978) suggested that tinnitus suRerers find the masking noise to be more pleasant than 

their tirnitus for a nurnber of reasons. Fim, the band of noise generated by the timinis 



17 

masker is more pleasant than the tirnitus signal which is generally high frequency. 

Second, the masking noise is external and can be ipored more easily than an intemally 

pneratrd sound. It is worth mentioning that much of this reasoning is based on anecdotal 

evidence. Roeser and Price (1980) report that their clinical experience did not support 

the idea that the masking signal is typically more tolerable than the patient's own tinnitus. 

Passive relief may occur after the masker is removed. Josephson (1  93 1) first 

observed what is now referred to as residual inhibition. In sorne patients, when the 

tinnitus masker is turned off, tinnitus is decreased or absent for a variable period of tirne. 

The physiologcal mechanisms responsible for residual inhibition are not known. 

Several studies suggest that tirnitus maskers rnay provide effective tirnitus relief, 

but the number of patients who benefit from tinnitus rnaskers is unclear (Erlandsson, 

Ringdahl, Hutchins &Carlsson, 1987; Hazell et al., 1985; Roeser Br Price, 1980; Tyler & 

Bentler, 1987; Vernon, 198 1 ). Vernon and Scheuning ( 1978) stated that 8 1 % of 32 

patients had obtained cornplete relief from their tinnitus as a result of using masken. No 

follow-up data were reported In contrast, Roeser and Pnce ( 1980) reponed that only 

26% of 34 patients obtained some benefit from masken. Additionally, they stated that it 

tvas their clinical opinion that amplification was overall more accepted than maskers in 

relieving tinnitus. 

Information is limited regarding the use and effectiveness of tinnitus maskers. For 

example, do patients Wear masken for a short period of time and then discard them as 

ineffective, or do tinnitus masken provide long-terni relief for tinnitus sufferen? 

Physicians and audiologïsts are often unable to decide whether to treat tirnitus with a 



masker. 

The cunent investigation attempted to evaluate the effectiveness of tinnitus 

maskers through the cornparison of tinnitus maskers and placebo devices. If masken 

were found to be effective with some patients, we would be better able to determine 

which patients could potenrially benefit from timinis maskers. Additionally, we would 

be better able to counsel patients regarding realistic expectations from the use of tirnitus 

maskers by determining the effect maskers have on tinnitus loudness, annoyance, 

severity, and other tinnitus parameters. If tinnitus rnaskers were found to be ineffective in 

the treatment of tirnitus, research should be directed towards other rnethods of treatment. 



METHODS 

Su biects 

Subjects for this study were recruited from tinnitus populations seen at the 

Speech and Hearinç Clinic of the Department of Communicative Disorden, Elbom 

College and St. Joseph's Hospital, both in London, Ontario. Also, advertisernents were 

placed in Tinnitus Tirne$ a publication produced by the Canadian Hearing Society, the 

Newsletter of the Canadian Timitiis Association, and The Pennvsaver magazine. Subject 

participation in this study was comptetely voluntary. 

To quali& for the study, only patients with tinnitus present 80% of the time who 

did not Wear a hearing aid were asked to participate. initial respondents (n=23), afier 

agreeing to participate in the study, were provided w i ~ h  information describing the 

proposed research and expectations of their involvement (Appendix ID). It was made 

clear to the subjects that they were free to withdraw from the study at any time. All 

subjects were asked if they had ever seen an Otolaryngologist in relation to their tinnitus. 

Al1 subjects responded that they had. 

Prior to participating in the study, it was necessary to determine if the subject's 

tinnitus was maskable. Maskability was determined using both unilateral and bilateral 

rnasking techniques. Using a narrow band extemal 

the stimulus was increased slowly until the subject 

noise stimulus, the intensity level of 

reported that they could hear only the 

extemal noise and not their tinnitus. Each ear was individually masked, and in addition, 

bilateral masking of tirnitus was evaluated. Each condition was repeated three tirnes and 

the average HL at which rnasking occurred was calculated. If the subject's tinnitus was 
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not masked at a level of 90 dB HL, the ascending masking trial was stopped. If consistent 

masking was not possible for the three conditions, the subject's tinnitus was deemed 

unrnasliable and s/he did not participate in the study. If a subject's tinnitus could not be 

masked utilizing a narrow band of masking that approximated a tinnitus masker. it was 

considered unlikely that a tinnitus masker would be of an. benefit. On the bais of these 

measurements, 3 subjects were excluded from the study. Sixteen males and 4 females 

between the ages of41 and 68 were selected to participate in the study, yielding a sample 

of 20 m a g e  = 52.44, Sq age = 7.99). 

Stimuli and eaui~ment 

Threshold and psyc hophysical testing was conducted using either a Grason- 

Stadler GSI-16 audiometer or a Grason-Stadler GSI-IO audiometer. Insen earphones 

(Etymotic E R J A )  were used as the transducer. All threshold and experirnental testing 

was conducted in a double-walled audiometric sound room (LAC). 

The tinnitus masker used in the study was a Viemetone Behind-the-Ear (BTE) 

M i  tinnitus rnashr. Specifications for the device are provided in Appendis IV. The 

placebo device was identical to the tirnitus masker but was non-functional. 

General Procedure 

Subjecrs were asked to complete The Iowa Tinnitus Handicap Questionnaire 

(Appendix 1) and the Tinnitus Questionnaire (Appendix II). The Iowa Tinnitus 

Questionnaire (Kuk et al., 1990) is a 27-item questionnaire consisting of three subtests. 

Subtest one is designed to reflect the physical, emotional, and social consequences of 

tinnitus. Subtest two is designed to reflect the hearing ability of the patient. Subtest three 
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is designed to reflect the patients' view of t i~ i tus .  Subtests can be coosidered 

individually or scores can be combined into a total score for the questionnaire. Patients 

are iwtructed to write a number between "0" and "100" beside each item to represent 

how much they ageed with the item. A O was assigned if they strongly disagreed with 

the item, and a 100 if they strongly agreed with the item. The Tinninis Questionnaire 

(Stouffer & Tyler, 1 WOa) is an unstandardized questionnaire consisting of ten questions. 

It is designed to detennine the effect of tinnitus on loudness, severity, and other 

parameten. Upon completion of the two questionnaires, puretone air conduction hearing 

thresholds were obtained using standard audiornetric techniques. Threshold testing was 

conducted at al1 octave and inter-octave fiequencies between 250 and 8000 Hr Speech 

reception thresholds were obtained and word discrimination abilities were assessed for 

each subject. 

Upon cornpietion of audiornetric testing, the following techniques were used to 

quanti& the subj ect's tirnitus psychophy sically: 

1 ) Matching of tinnitus loudness to a 500 Hz puretone, 

2) Unilateral and bilateral masking of tirnitus using narrow band noise at 

2000 and 4000 Hz, and 

3) Measurement of residual inhibition fiom unilateral and bilateral masking 

of tinnitus using a 4000 Hz narrow band noise presented for one minute 

at 10 dB above the tirnitus masking level. 

For subjects qualiQing and agreeing to participate in the study, impressions of 

their ean were made in order to rnake persona1 earmolds. Ten subjects were randomly 
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assigned to receive a h m i ~  masker in the ear with tinnitus. If tinnitus was present 

bilaterally, the masker was wom on the ear in which the tinnitus was perceived as being 

loudest. The remaining 10 subjects were assigneci to a reverse treatment order. This 

group was fitted with an instrument identical in appearance to the tinnitus masker but 

which was a non-functioning instrument. instruments were made non-functional by the 

manufacturer. The subjects were told that the device was a non-audible tirnitus masker. 

tf they questioned the investigators further, they were informed that the device deliven 

an ultra-high frequency signal that is non-audible to humans. After a six week penod, 

subjects were fitted with the alternative devices. ïhat is, the subjects wearing the tirmitus 

masken were fined with placebos and vice versa. 

During the pre-test, subjects were given a booklet and asked to keep a daily 

record of the time they wore the tinnitus masker or placebo device daily (Appendix V). 

Additionally, they were given weekly questionnaires to complete (Appendix VI), 

designed to keep track of their tirnitus and success with each device as well as to 

encourage subjects to continue participating fdly in the stuciy. The researchen recognile 

that calling attention to the subjects7 t i ~ i t u s  might influence their responses. However, 

the influence, if any, was assurned to be equivalent for the masker and placebo 

treatments. Patients were contacted biweekly by telephone to encourage them to Wear the 

device as rnuch as was practical. In addition, patients were given full instructions 

regarding the use and maintenance of the tinnitus maskr or placebo device before their 

initial use. Training was repeated when subjects changed from a placebo to a tinnitus 

masker and vice versa. Tinnihis masker success was determined primanly through 
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subject responses on the Iowa Tinnitus Handicap Questionnaire. This measure, as well as 

the Tinnitus Questionnaire, was made before tinnitus maskeriplacebo devices were fined 

and after sach had been worn for a six week period. 

Threshold information was obtained afier the first six week intend. It \vas 

important to monitor the subjects' heanng threshold levels as some subjects suffered 

from Meniere's disease. Meniere's disease is characterized by tirnitus. severe venigo and 

fluctuating hearing loss. Consequently, threshold measures were talien for al1 subjects 

prior to receivine the second device. 

Two subjects did not cornplete the study. The first subject, a male, did not feel 

that he was receiving benefit from the tinnitus rnasker and did not wish to cornpletc the 

last six weeks of the trial. The other participant, a female, did not complete the study due 

to personal reasons. Both subjects began the study with the tinnitus masker and dropped 

out afier the fint six weeks without wearing the inaudible placebo device. Therefore, 18 

subjects in total completed the study. Eight received the tinnitus masker first, followed 

by the placebo. The remaining 10 subjects received the devices in the reverse order. 

Upon completion of the study, participants were infonned of the nature of the 

study. They were told that it involved a placebo. [nformation was provided to all 

participants regarding the results of the study as wvell as other related research in the area 

of t i ~ i t u s  management. 



RESULTS 

Iowa Tinnitus Handicm Questionnaire 

A 2x3 split-plot analysis of variance (ANOVA) was conducted on each of subtest 

1,2,3, and total-score to evaluate whether statistical difierences existed for sex 

(male/female) and condition (pretesVmasker/placebo). Additional 2x3 split-plot 

ANOVAs were conducted for each of subtests 1,2, 3, and total score to determine if 

statistical differences existed between order of presentation (masker fidplacebo first) 

and condition. Finally, 2x3 split-plot ANOVAs were conducted for each of the subtes~s 

and the total score to determine if differences existed between subjects who suspected 

the "hi& fiequency" device was a placebo and subjects who did not and condition. No 

significant interactions or main effects were found for any of the ANOVAs conducted 

To detemine whether the scores on subtest 1, 2 ,3  or total scores differed 

between the pretest, the masker and the placebo conditions, a series of repeated measures 

ANOVA designs were performed. Each device was wom for a period of six weeks. 

Mauchley's sphericity test was conducted for each analysis and was found to be non- 

significant. Therefore, the assumption of sphericity was not violated. An alpha of 0.10 

was used in order to increase power. No error rate control was employed. No significant 

differences were found between conditions for subtest 1, subtest 3, and total score. 

Using an alpha of 0.10, a significant difference between conditions was found for scores 

on subtest 2 (E (1,24) = 3.60, Q < 0. IO), with rnean scores following the rnasker 

condition being highest Mean scores and 95% confidence intervals for each condition 

are plotted in Figures 1,2 and 3 for subtests 1,2 and 3 respectively. Figure 4 illustrates 



mean scores and 95% confidence intervals for the total score. 

Tinoitus Ouestionnaire 

One 2x3 split-plot ANOVAs was performed on each of questions 3 to 10 to evaluate 

whether statistical differences existed for sex (male!female) and condition, for order 

(masker fint/placebo first) and condition, and for subjects who suspected the "high 

fiequency" device was a placebo and subjects who did not and condition. Questions one 

and two were not analyzed because the answers to these questions were expected to 

remain the çame across conditions. No significant interactions or main effects were 

found. 

Figures 5 to 12 summarize mean scores and 95% confidence intervals for 

questions 3 to 10 of the Tinnituç Questionnaire obtained during the pretest, after the 

masker was wom for six weeks, and after the placebo was worn for six weeks. The 

assumption of sphericity was not violated for any of the analyses performed. No 

significant differences were found between conditions for any question. 

No error rate control was useci, resulting in "liberal" tests. Therefore, the 

possibility of making type II error was minimal. 
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Figure 1: This is a graphical representation of the mean group scores for 
subtest one (physical, emotional, and social consequences of tirnitus) of 
the Iowa Tinnitus Handicap Questionnaire. Error bars indicate 95% 
confidence intervals. 



Figure 2: This is a graphical representation of the mean group scores for 
subtest two (hearing ability of the patient) of the Iowa Tinniw Handicap 
Questiomaire. Error ban indicate 95% confildence intervals. 
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Figure 3: This is a graphical representation of the mean group scores for 
subtest three (patient's view of their thnitus) of the Iowa Tirmitus 
Handicap Questionnaire. Error bars indicate 95% confidence intervals. 
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Figure 4: This is a graphical representation of the mean group scores for 
the total score of the Iowa Tinnitus Handicap Questionnaire. Error bars 
indicate 95% confidence intervals. 



Conditions 

Figure 5: This is a graphical representation of the mean group scores for 
question t h e  of the Tinninis Questionnaire. Emor ban indicate 95% 
confidence intervals. 
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Figure 6: This is a graphical representation of the mean group scores for 
question four of the Tinnitus Questionnaire. Error bars indicate 95% 
confidence intervak. 
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Figure 7: This is a graphical representation of the mean group scores for 
quenion five of the Tinnitus Questionnaire. Error bars indicate 95% 
confidence intervals. 
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Figure 8: This is a graphical representation of the mean group scores for 
question six of the Tinnitus Questionnaire. Error bars indicate 95% 
confidence intervals. 
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Figure 9: This is a graphical representation of the mean group scores for 
question seven of the Tinnitus Questionnaire. Error bars indicate 95% 
confidence intervals. 
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Figure 10: This is a graphical representation of the mean g o u p  scores for 
question eight of the Tirnitus Questio~aire. Error bars indicate 9536 
confidence intervals. 
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Figure 11: This is a graphitai represenution of the mean group scores for 
question nine of the Tirnitus QuestWnnaire. Emor bars ind ice  95% 
confidence intervals. 
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Figure 12: This is a graphical representation of the mean group scores for 
question ten of the Tinnitus Questionnaire. Error bars indicate 95% 
conftdence intervals. 



DISCUSSION 

The curent investigation found a significant difference only between scores on 

subtest 2 of the Iowa Tinnitus Handicap Questionnaire (Appertdix 1) across the pretest 

condition, the masker condition and the placebo condition. NO other sipificant 

differences were found Due to the fact that no error control was utilized, the signifiant 

differences found in subtest 2 are likely to be spurious and due to chance. These results 

are not consistent with previous results examining the efficacy of masker trament in 

alleviating tinnitus. 

Patients fiequently visit an audiological clinic because they are concemed about 

hearing loss, tinnitus or both. StoufTer and Tyler (1990) studied patients with both 

hearing loss and tinnitus seen at an audiology-otology clinic. Thirty-eight percent of the 

patients reported hearing loss as their primary concem and 48% reported tirnitus as their 

pnrnacy concem. That is, patients with both hearing loss and tinnitus more often report 

that they are more womed about tirnitus. Axelsson and Ringdahl (1989) revealed that of 

186 patients who suffered from tinnitw 'ofien', 53% 'wouId Iike treatment' and 5.6% 

considered 'treatment urgent'. Of those suffering from tinnitus 'always', 32% 'wouid like 

treatment' and 25% considered 'treatment urgent'. Lindberg et al. ( 1984) reported that 

83% of tinninis patients questioned were interested in obtaininp treatment. It is apparent 

frorn these studies that tinnitus poses a sigruficant concern and successful attempts to 

treat it are needed. 

Tinnitus rnaskers are currently used as one form of treatment for tinnitus patients. 

They have been used in the treatment of tinnihis for approximately 20 yean, yet it 
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rernains unclear how many individuals derive benefit from tinnitus maskers. Previous 

awmpts to determine the success of tinnitus rnasken have provided variable results. 

Vernon and Schleuntng ( 1978) strongly recommended the use of rinnttus maskers based 

on their obn cl inical expenence. They stated that 8 1 Oh of patients treated with tinni tus 

rnasken showed complete relief of their tirnitus. However, no follow-up data were 

provided for this study. The data used by Vemon and Schleuning ( 1978) were obtained 

dunng tinninis evaluations to predict successful use. Roeser and Pnce ( 1980) reponed 

that 1 6 O k  of the patients in their study showed at least some benefit from a tinnitus 

masker as measured using a semi-stmctured unstandardized questionnaire. Schleuning, 

Johnson and Vernon ( 1980) examined 105 patients and reponed that 68% showed partial 

relief using a nnnitus masker and 1 5% demonmated cornpiete relief This particular 

snidy did not utilize a weIldefined fitting strateg. Success was determined through the 

use of a non-standardized questionnaire. The total tirne a masker \vas wom was not 

specified. Hazell et al. ( 1985) performed a study involving three separate centres in 

Bntain. AH three centres used different selection criteria for participants. Across al1 

centres, 79% of participants reported parnal or completr success ~ i t h  a tinnitus masker 

using a six rnonth unstandardized questionnaire as a succesç'fail criterion. However, one 

centre published an independent report (Stephens & Corcoran, 1985) which did not a l e  

with the larger report. They reported that for patients with tirnitus and no degree of 

hearing loss, there were no significant differences between patients who used a tirnitus 

masker and a control group of patients who received only counselling. For patients with 

tinnitus and a hearing loss, "no dramatic differences were obtained" (Stephens & 
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Corcoran, 1985). It is suggested that there is likely a strong placebo effect. Thar is, 

rhose patients who received tirnitus masken were likely to benefit frorn the counsellîng 

and incressed attention regardless of whether or not the masker was successful in 

ai Ieviating their tinnitus. 

It is evident that previous research conducted in the area of tinnitus masker 

treatment efficacy has had very linle documented success. Much of the data collected 

have been anecdotal with linle or no objective data to support it. [t is important to 

recognize the definition of the patient group selected, the techniques used to fit the 

devices and the definition of success used when evaluating the benefit from using a 

tînnitus masker. Selection and success critena must be clearly defined. To date, most 

research evaluating the benefit fiom using a tinnitus masker has not defrned selection or 

success criteria. Research must be camed out systematically and in a controlled fashion. 

The current investigation utilized the Iowa Tinnitus Handicap Questionnaire 

(Appendix A) as its pnmary tool for determining tinnitus masker success. It is one of the 

few rneasures that can reliably quanti@ the severity of handicap experienced by a tirnitus 

patient. By using such a measure, we have ensured unifom comparison among studies 

that aIso choose to use the Questionnaire to determine success of treatment, even if 

different treatments are examined. The usefulness of a test depends on its validity and 

reliability. The Iowa Tinnitus Handicap Questionnaire has high intemal consistency 

reliability (Cronbach's alpha = 0.94) and validity (as reflected by correlates with life 

satisfaction and depression scales). 
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It is difticult to quanti@ tinnitus. However, every attempt m u t  be made to 

control for factors that can be controlled. This area needs to be examined more closely. 

Standardization of mesures to validate the eficacy of different treatment approaches 

must be encouraged Our study controlled for the time of masker use as well as 

participant selection criteria. Subjects wore the masker or placebo at least 3 houn per 

day up to 15 hours per day (M = 8.01, a = 5.00). Thus, if tinnitus maskers are effective, 

they should have b e n  effective under the experimental conditions of this study. A 

standardized questionnaire was used to detennine success or failure with the device. We 

did not rely on mecdotal evidence. 

Perhaps bilateral tirnitus maskers should have been evaluated, even for patients 

with unilateral tinnitus. However, Tyler and Conrad-Armes (1 983) noted that, in many 

patients, the SPL of a masker required to mask tinnitus was similar in either ear, even if 

tirnitus was unilateral. This suggests that tinnitus masking occurs centrally. Individuals 

reporting unilateral tinnitus often report that the perception of tinninis shifts to the 

opposite ear when unilateral masking is applied. Tinnitus masking suggests that timinis 

c m  occur either centrally or peripherally or perhaps both. 

Tinnitus sufferers were not found to benefit from the tinnitus masker used in our 

study. Counselling must continue to play an essential role in helping these individuals 

cope with tirnitus. It is essential to provide patients with information regarding tirnitus 

as well as infonn them that it is benign when underlying pathology has been ruled out. 

We mut now turn our attention towards new treatment solutions and continue with 

objective, controlled research. 
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Place a number between O and 100 in the blank space preceding each 
s t a t e m e n t  to r e p r e s e n t  hor much you disagree or agree v i t h  each s t a t e m e n t .  

O r n d c a t e s  you strongly disagreed uith the s t a t e m e n t .  
LOO indicates you strongly agree with t h e  s t a t e m e n t .  

Tinnitus 
m, 
, ,*mi tüs 
Tinni tus  
- i n  . L ,,ACL=US 

TLnnr tus 
a b i l i t : ~ .  
T i ? a i t u s  
Ti,r-nitus 

makes me feel t i zed .  
mzkes m e  feel i n s e r x e .  
con t r i bu t e s  t a  a fee l ing  of general 111 nealth. 
affects ~ h e  c p a l ~ t y  o f  my 
has cause4 a reducrion i n  

m k e s  me fee l  ancoyed. 
interferes x l ~ i  z y  speech 

listening to the televisiûn. 
? i n c i r u s  makeç ne feel azxlew. 

r e l a t i s c s k p s .  
rny speech understancinq 

1 th izk  1 have a hea l thy  o u t l o o k  on tinni~us. 
I tôve suppcrz f r 3 m  w y  f r ie r ids  segazdicg m.j =~r.?.ir.;s. 
I feel f r u s ï r a t e d  f requontly Oecause of tinnitrs. 



Tinnitus Questionnaire 

Identitication Kumber 

Circleoneofthefollowing: Male Fernale 
Indicate your binhdate: Da! Month Year 

How many yean have you had tinnitus? Years. 

How many years has your tirnitus bothered vou? F'ears. 

During the time you are awake, what percentage of the time is your tirnitus present. For 

example. 25'h indicares that tinnitus is there one-quarter of the time. 

96 hdicate with a number between O and 100. 

How many days per month is your tinnitus present? 

Days per month (maximum = 30) 

How many days per month are you bothered by tinninis? 

Days per month (maximum = 30) 

What percmtage of the time does y o w  rinniâus interfere in your daily life? For example. 

100% hdicates that tinnitus always interferes in your daily life. 

O/O hdicate with a number between O and 100. 

Use a nurnber between O and 100 to indicate how . W O Y I K G  you fmd your tinnitus - O 
indicates it is not annoying, 100 indicates it is extrernely annoying. 

96 Write a number beween O and LOO. 

Use a number between O and 1 O0 to indicate interference with COLiCESTR4TIOS 

because of your tinnitus - O indicates no intederence with concenmatioa 100 indicates 

complete interference with concentration. 

O/O Wnte a nunber between O and 100. 

L'se a number between O and 100 to indicate the LOUDYESS of your tirinitus - O 

indicates you no longer hear it, 100 indicates it is extrernely loud. 

% Write a number between O and 100. 

Cse a number between O and 100 to hdicate the SEVEEUTY of your tinnitus - O indicates 

a lack of severity. 100 indicates it is extrernely severe. 

Oh Write a number between O and 100. 



information Surnrnay 

This srudy will investigate the success of hvo different t q e s  of tinnitus masken 
in reducing tirnitus annoyance. If you agree to participate, you will be asked to complete 
two questionnaires. You will also listen to several sounds and judge whether the! are as 
loud as your tinnitus or report if the sound blocks out your tirnitus. This study \vil1 last 
three months. During this tirne you will make four trips to the Universi'). of Western 
Ontario in London. For each trip you will spend about an hour at Our clinic. Dunng the 
study you wvill also W e a r  two tinnitus maskers and drcide if they are effective in reducing 
tinnitus. One masker will be wom at a time. Each rnasker wi1l be wom for six weeks. 
The smdy may enable us to measure the usefuinrss of' tirnitus maskers. You will be 
identified by a number to ensure confidentialjty. Your participation in this study is 
volunta- and you may decide not to participate at any time during the study. if ?ou have 
further questions about the study, cal1 Dr. James Stouffer and (5 l9)66 1-2 1 1 1 X 87 14. 





APPENDIX V 

TilWJTUS MASKER RESEARCH DACLI' LOG 
WEEK OF ID # 

1 

7-8 am 

8-9 

9-10 am 

10-1 1 am 

11-12 prn 

12-1 pm 

1-2 pm 
I 

2-3 pm 
, 

3-4 pm 

4-5 prn 

5-6 pm 

MON WED 

-- 

1 f 

6-7 pm 

7-8 pm 

8-9 pm 

9-1 0 pm 

10-1 1 pm 

11-12 am 

13-1 am 

1-2 am 

2-3 am 

3-4 am 

4-5 am 

5-6 am 

6-7 am 

ILTS 

-- 

I 

! 

THuTRS SLX FR[ 

A 

T 

SAT 

E 1 



Weekly Tinnitus Questionnaire 

ldenti fication Number 

Dunng the time you are awake. what percentage of the time is y our tinnitu 

present? For example, 29Oh indicates that the tinnitus is thcre one-quaner of the 

time. 

96 indicate with a number between O and 100. 

How many days per week is your tinnitus present? 

Days per week (maximum = 7) 

How many days per week are you bothered by tirnitus? 

Days per week (maximum = 7) 

What percentage of the time does your tinniw interfere in your daily life? For 

example, 100°h indicates that tirnitu always interferes in p u r  daily life. 

% fndicate with a number between O and 100. 

Use a number between O and 100 to indicate hoïv ANNOYiNG you find your 

tirnitus - O indicates ii is not annoying, 100 indicates it is extremely annoying. 

% Write a number between O and 100. 

Use a number between O and 100 to indicate interference with 

CONCENTRATION because of your tinnitus - O indicates no interference with 

concentration, 100 indicates complete interference with concentration. 

% Write a number between O and 100. 

Use a number between O and 100 to indicate the LOUJ3NESS of your tinnitus - O 

indicates you no longer hear it, 100 indicates it is extremely loud 

% Write a number between O and 100. 

Use a number between O and 100 to indicate the SEVERITY of your tinnitus - O 

indicates a lack of severity, 100 indicates it is extremely severe. 

% Write a number between O and 100. 



COYSEST FOR31 

.AS EVALUATION OF TLYIIITC'S MASKER EFFECTIVENESS 

I have read the anached letter of information for the tinnitus maskcr study and al1 
questions have been answered to my satisfaction. I hereby agreee to participate. 

Date Signature 
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TEST TARGET (QA-3) 
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