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@ Introduction @ Results @ Discussion

. 1. Somatic modulation of tinnitus is common, whether or not it is a clinical problem,
Mt has long been known, almost as a curiosity, that some people can A" Non'CI | nical SUbjeCts (N=60) and even whether or not people are aware that they have tinnitus. (Panels B, C and D)

modulate their tinnitus somatically. Mogller et al. (1992) showed that This studv d rates that . dulation is wid dand i  restricted t
median nervo siimultion could moduia tinius in dloso fo 4% o A A A AU AT
subjects. Rubinstein et al. (1993) found that about a third of their 1. 18% reported tinnitus; another 28% became aware of tinnitus clinical Broblem. y y
subjects could influence their tinnitus with jaw movements or pressure : -NOi : P . - .. :

) ) P In the low-noise testing room 2. Some cases of clinical tinnitus may be due to activation of latent somatic-

. .. . . oo . . . .
ggti’[gft;erzpp;ﬁ?:yngfnuIsac: rTjg’:i]::.alI\;Vr:%r;l&?;fer\/;ﬁgref{ji;mii?s/o ggf#}recgglsi 2. 85% reported normal hearing; 15% reported mild hearing loss auditory interactions.

t?’VO. years We have systematlczally examlne_d allpatients seen in our ittt 2L auditory perception (tinnitus) (Panel B), activation of such interactions could account for
tinnitus clinic and found that 75% can somatically modulate their tinnitus some cases of clinical tinnitus such as the somatic tinnitus syndrome (including the tinnitus
(Levine, 1999b). However, the significance of this finding is uncertain, A associated with the temporomandibular joint syndrome or whiplash).(Levine, 1999a)

since there have been no reports of the effects of muscle contraction Aware

upon auditory perception in non-clinical subjects. 18% Tinnitus Subject 3. Tinnitus Clinic patient with quiescent unilateral tinnitus reactivated by

at the time of testing ipsilateral sternocleidomastoid contraction

. 46% This 29 year old woman had been highly distressed for 7 months due to RIGHT ear tinnitus,
No auditory 5 Unaware which had resolved 2 months prior to her clinic visit. Audiometry was normal. At the time of
perception 22 of Tinnitus testing she was no longer distressed but did hear slight constant ringing of both ears (1 on a

at time s 28% scale of 10), which was much fainter than her previous right ear tinnitus. The tinnitus elicited
. . of testing by Somatic Testing was identical to her previous right ear tinnitus.
Objective

54%
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Tinnitus Tinnitus

[IITo understand the significance of somatic modulation in our tinnitus Somatic Testing Baseline (0 - 10 Scale) » »

clinic patients, we studied the effect of somatic contractions upon 12 [=ealeni] Seceie 4 1

spontaneous auditory perceptions in a non-clinical population. Our *Only maneuvers that ™4 \vandibular Pressure 1 ]
i i ion i iosi modulated her tinnitus '

resul_ts suppo_rt the view that somatic modulation is more than a curiosity are shovin. 20. Right Sternocleidomastoid 4 ]

restricted to tinnitus patients, and may be a fundamental property of the

human auditory system. Clinical Su bjGCts (N=1 28) (see Levine, 2000)

Condition”*

3. Tinnitus appears to be a threshold phenomenon. Consistent with this hypothesis
are the following two results.

Somatic testing Somatic testing D Somatic testing a) The incidence of change in auditory perception with somatic testing is significantly

- . . . : - - lower in subjects with no tinnitus than in subjects with tinnitus (Panels B and C or D)
e"c'ted tinnitus Changed tinnitus Changed tinnitus From our observations of clinical and non-clinical tinnitus subjects, it is clear that somatic

@ in 50% of Non-Clinical SUbjECtS in 75% of Non-Clinical subjects in 76% of clinical tinnitus SUbjeCtS testing can increase and/or decrease tinnitus loudness and pitch. If such changes in auditory
Methods

- =g - . . - - - perception are happening for all subjects, then one would expect the incidence of a change in
|n|t|a"y without tinnitus. who had ongoing tinnitus Compare auditory perception to be less in people without tinnitus than in those who have an ongoing

at the time of testing. auditory perception (tinnitus) for at least two reasons:

b ubjects: 60 adults from personal contacts participated in this study ) If somatic modulation DECREASES the loudness of auditory perception, then this
(38 males, 22 females, ages 18 to 74, mean age = 41). Tinnitus No tinnitus No Change Tinnitus No Change Tinnitus would not be detected in the non-tinnitus subjects; similarly for any change of PITCH.

#IIIID : : £ L o ) Chanaed ii) If somatic testing causes only a small degree of change in the level of activity in the
uestions: elicited elicited 25% Changed 24% 76"2 auditory system, then subjects without tinnitus might raise the overall activity in the

: : : : : _ o o o
Prior to somatic testing, the following questions were asked: 0% 50% 5% auditory pathway, but yet NOT SUFFICIENTLY to cross the threshold of auditory
1. Do you have tinnitus? perception.

2. Do you have normal hearing? - — : : :
. b) The ability to develop tinnitus following an intense sound CORRELATES with the
3. Do your ears ever ring after a loud sound? ability to somatically modulate spontaneous auditory perception (Panel E).

4. Do you ever have a brief ring in one ear, lasting a minute or less? Serle: it both fic test g o int d shift the tinnit tor cl
; . : .. : : : = Oth somatiC testing and exposure 10 Intense souna sni e uNNItus generator closer
e [Procedure: 25 brief, forceful contractions were made by each Subject 1. Head and neck contractions elicit auditory perceptions in Head & Neck contractions toward its threshold of tinnituspperception, then the two phenomena would be expected to

patient in a low-noise room. Duration of contractions was only a few ?SUbjeCt without tinnitus. _ changed tinnitus more effective|y Changes in Ioudness:, p_itCh, and location covary.
seconds -- just enough time for the subject to judge his/her auditory finnitis. e ad notied transient initus ollowing XposUe 16 tense. than Extremity contractions were similar Both may affect the site of tinnitus generation but through different mechanisms.

perception_s. sounds, and occasionally would hear a brief ring in one ear. In the quiet _ _ in Non-Clinical and Clinical Su bjeCtS @® intense sound through the otic pathway (Kaltenbach, 1996)
O @ 10 involved jaw testing room prior to any somatic maneuvers she described no auditory In all cases where Extremity contractions modulated or @ somatic testing through the somatic pathway (Levine, 1999)

: perceptions. _ _ elicited tinnitus, Head & Neck contractions also did,
g g 1g !nvo:veg hetad af'tq neck Somatic Testing but the reverse was not always true. 4. What is the underlying mechanism for changes in auditory perception with
involved extremities Right Ear Lot Ear

N : : : . . : Somatic Testing?
Condition* S .. Twice as many subjects could modify or elicit their
Tinnitus Tinnitus tinnitus with I-\I,ead é( Neck contractio¥15 as with Extremity Are acoustic sounds being generated by muscle contractions? This study has excluded

Jaw contractions Baseline (0 - 10 Scale) 0 0 contractions. from consideration sounds that have been elicited described with such terms as "wind" or

T "'snow storm" since these are highly likely to be generated by tensor tympani and/or
1) clench the teeth together forcefully 11. Occipital Pressure Loudness changes due to Extremity contractions were Sharyngeal musclo contractionsg(RScl)ck, 1)’995). g y ymp

23) max!mally sl mOl-Jth’ Wi-th anc Wi-t hou restoratiye Sy 12. rorehead Fressure Hlee WL I LI € G LE] e SEiEEs IR Are some of the auditory perceptions elicited due to sounds generated by other types of
4.5) maximally protrude jaw, with and without restorative pressure 13. Vertex Pressure Head & Neck contractions. muscle contractions? Even though a case has been described of "continuous high-frequency

6,7) maximally slide jaw to left, with and without restorative [1 ~ 0 [0 14, Mandibular Pressure Whenever an Extremity contraction increased unilateral [objective] tinnitus" that disappeared with sectioning of the stapedius and tensor
0 pressure 16. Left Temple Pressure tinnitus loudness, a Head & Neck contraction also tympani tendons, for this study we have considered an auditory perception as having a non-
8,9) maximally slide jaw to right, with and without restorative 19. Left Sternocleidomastoid 0 increased tinnitus loudness. acoustic source when it is described as a high-pitched ring (Bento, 1998). Clearly, subjects

O ressure : : who can decrease the loudness of their tinnitus with somatic testing are highly unlikely to be
P *Only maneuvers that modulated her auditory perceptions are shown. Whenever an Extremity contraction decreased

: . e : doing so with muscular generation of an acoustic sound.
10) maximally retract jaw Her elicited tinnit described wery hiah bitch Fing" tinnitus loudness, a Head & Neck contraction also J ar 9et . . . .
er elicitea linnitus was described as a "very hign pitch ring". decreased tinnitus loudness. Are the changes in auditory perception due to changes in otoacoustic emissions

(OAEs)? We cannot totally exclude this possibility, but some subjects with known
spontaneous OAEs heard nothing in the quiet and it is well established that the vast majority
With the head in the neutral position, contractions were made to resist of subjects with spontaneous OAEs never hear them.

maximal pressure applied by the examiner to: The effect of somatic manlpulatlons We have initiated a study of somatic testing in the profoundly deaf to answer some of

11) occiput was sometimes prolonged these questions more definitively. Of the four such subjects tested, one with no ongoing
forehead Example: tinnitus developed a "hum" in his right ear when opening his jaw against resistance. In

vertex Subject 2. Subject with unilateral tinnitus of which he had never been another, her unilateral tinnitus disappeared with widely opening her jaw.

mandible (upward) awareghlisfinnitisisistippiesseditiisomalicimoat ationianaithe Are the changes in auditory perceptions due to NEURAL somatosensory-auditory
) suppression is prolonged. int i 5
right temple Interactions*

left temple This 61 year old man reported a mild hearing impairment for 10 years (see @ Inferior Colliculus The inferior colliculus is a possible site of somato-auditory
audiogram below). He was uncertain whether he had ever experienced interactions and is known to exhibit tinnitus-related abnormalities (Melcher et al., 2000). It

: : : : tinnitus following exposure to intense soulds, or an occasional brief ring of - . : y e
with the head turned to the right, maximally resist the one ear. While he was unaware of any tinnitus, in a quiet room prior to receives somatic inputs and experimentally, the firing of all units in the cat central nucleus of

tortional force on the right zygoma 52% of all Non-Clinical subjects somatic testing he perceived in his right ear a sound "like waves hitting the inferior colliculus can be somatically modulated (Davis, 1999).

- - - reported experiencing transient tinnitus after an the shore." _ _ Refe rences @ Dorsal Cochlear Nucleus appears to be critical when tinnitus is due to ear disorders
Wl i [ierel WHIIES D s Uit s tulli7 ekl s intense sound Somatic Testing (Kaltenback & McCaslin, 1996). We have previously described the somatic tinnitus

tortional force on the left zygoma Bento RF, Sanchez TG, Miniti A, Tedesco-Marchesi AJ ( 1998) Continuous, high-frequency : : : :
yg Right Ear Left Ear objective tinnitus caused by middle ear myoclonus, Ear Nose Throat J 77: 814-818. Syndrome and proposed a mOdel Wlth dOrsal COChIear nUCIGUS playmg a pIVOtaI r0|e (Levmea

19)':' with the head turned to the rlght and tilted to the left, maximally With somatic testing, those who report tinnitus Condition* Tinnitus Tinnitus Davis KA (1999) Effects of somatosensory stimulation on neurons in the inferior colliculus, Assoc 19993)

i i i i i i Res Otolaryngol Abstr 22:215-216. _ _ _ _ . _ _
resist force applied to the left temple (left sternocleidomastoid) ‘o :)Eteerriaennlcnetzngﬁaio:niﬂ ;Neor ﬁtgnnue%hu?glrlil i';';:?'y (gfc:'gzzion Baseline (0 - 10 Scale) 3 0 Kaltenbach JA, McCaslin DL (1996) Increases in spontaneous activity in the dorsal cochlear If the auditory perception is unilateral, then the cochlear nucleus becomes a highly likely site
20) with the head turned to the left and tilted to the right, maximally P thgn thosF:e who do not y pereep T Clonchin R e, L€ i Intensity sound: A possible neural correfate of tinnitus, for its generation, as we have proposed previously to explain the unilateral tinnitus of the
resist force applied to the right temple (right sternocleidomastoid) : ' J Levine RA (1999a) Somatic (Craniocervical) Tinnitus and the Dorsal Cochlear Nucleus Hypothesis, somatic tinnitus syndrome. Non-lateralized tinnitus suggests either bilateral cochlear nucleus
15. Right Temple Pressure Am. J. Otolaryngol 20: 351-362. hiah h he inferi licul
L Those Those or some higher center such as the inferior colliculus.

Levine RA (1999b) Somatic modulation appears to be a fundamental attriblut of tinnitus, In:

4
1
Extremity contractions who DO -report tinnitus who DO NOT report tinnitus 17. Right Head Rotation 0 g:ﬁic;iegglggtgfgpzusdii)étgér;’fegga}ltgz?_?lg;"innitus Seminar, J Hazell (ed) Cambridge, UK: The
21) locking the fingers of the 2 hands together and pulling as hard O after an intense sound after an intense sound 22. Right Shoulder Abduction 4

Levine RA (2000) Somatic Modulation of Tinnitus: Prevalence and Properties. ARO Abstracts.
Melcher JR, Sigalovsky IS, Guinan, JJ JR, Levine RA (2000) Lateralized Tinnitus Studied With i
I . Functional Magnetic Resonance Imaging: Abnormal Inferior Colliculus Activation, J
as possible No change *Only maneuvers that modulated his Neurophysiol 83:1058-1072. CO NC I usions
239, No Change tinnitus are shown. Moller AR, Moller MB, Yokota M (1992) Some forms of tinnitus may involve the extralemniscal
. . . . o i . _
ReSIStlng maXImaI preSSu re tO. o 62 /o \ audltory pathway, Laryngoscope 102: 1165-1171.

: _ . - . Rock EH (1995) Obijective tinnitus and the tensor tympani muscle. Int Tinn J 30-35. . . . . . . . .
22) nght shoulder abduction With completlon of the somatic maneuver Rubinstein B (1993) Tinnitus and craniomandibular disorders - is there a link?, Swedish Dental J 1 ) Somatlc mOdu Iatlon IS as common in the non-CIlnlcaI t|nn|tus
23
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Head and Neck contractions

_ of turning the head to the right against Supplement 95: 1-46. . . . . . - .
left shoulder abduction \ resistance, his tinnitus remained N A subjects as in clinical tinnitus subjects.

)

) right hip flexion imperceptible for more than 3 minutes 1%
: : following release of resistance. ®

) left hip flexion

25 2) Somatic influences upon auditory perception are not limited to
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