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Tabde L CTP sxpression in peribyoph and CSF

Results

Sample Total  CTPpositive TP negathes CTP expression in pevilymph and CSF
Pearllymph &% o0 g (Tables I and 1T, Fig. 2)
Srapedec 36 34 3
Cochl m?w 29 % N Iy all, 34 perilymph samples from 36 smpedectomy
cse eaz Lnplut o . o and 26 samples from 28 cochlear implant patients

any sign of iflammation or infection, The MEL in 54
of 55 non-PLF cases was negative for the CTP detec-
tiom test, Le. the specificity of the test was found 1o
be 08.2%. To further ehucidate the hmitations of
this test, we analysed the MEL collected from
patients with middle ear infections, which can give
a false positive result. The MEL in 43 of 46 cases
with chronic suppurstive otitis media or middle
ear cholesteatoma was negative for CTP, The speci-
ficity of the CTP detection test decreases 1o 93.5%
when applied to infecred ears {71, The high protein
concentration of the thick pus present with infection
was the most Hkely cause. In the present study we
studied a not-infected ear with BOR syndrome, so
the specificity s thought 10 be the former.

were positive for CTP, Tn total, 60 of 6% perilymph
suraples were positive for CTP. However, CTP was
not detected in any of the 60 CSF samples.

Anabysis of profuse fluid leakage from cochleosiomy site
(Table HI, Fig. 3)

Bs u comtrol, MEL was mben from the middle ear
before cochleostonmy. The MEL desoribed here con-
tnins miiddle ear mucosal secretions and other sub-
stanoes normally expressed in the middle ear cavity,
These substances may cause false positive reactions 1o
the watibody. The MEL taken before the fenesteation
of cochilea was negative for CTP.

Tmmediately after the fenestration of the cochlea,
fhaid leaked excessively from the cochleostomy site.
The leaknge collected at O min showed n CTP signal
above the high-level standard signal snd at 0.5 I min

Tabde I Wastern blov soalyds of CTP expresion in perilymph and CSF,

Acta Ctolwyngol Downicad

Lane Sample Amowst of wample per e Reauk
() Perllymph wnd MEL

H High-Jevel smadard TP 027 ng +
2 Toowe-Joved seanclurd : hCTP 013 ng

3 Case Az perilymph supedectsny 2wl +
% Case A: MEL before stapedeconay 16 gl of MEL

5 Case B peripmph corhleosweny 2l +
6 Blamlc -

7 Case B: MEL before cochleostony Ll of MEL

8 Cave C: perilymph sspedectomy Tl

9 Care € MEL befwe supedectomy 16 | of MEL

10 Perlymph (posithe control) i +
) CSF

1 High-level sandurd thCTP 027 ng +
2 LareeJovel starslard thCTP 6.1 % oy

3 C8F 1w

4 CS¥F iew

5 CSF W

6 CEF o pld

1 Csp 1

8 fos o o

MEL. middle esr lrvage.
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TP detecion in gusher flutd 5

10 128 44 &7 8

Figure 2. Wesvern blot analysis of CTP expression in perilymph and CSF. The expression of CTP was amslysed by Westem blot using the
antl=CTP stibody, CTP exprossion (16 ki) was only deweted i the perilvmph (cases & and B), not i the CSF. The peeilymph ssmple
fram case C was pegative for CTP. Furder dewdls are shown in Table ¥

showed a negative resulr, with a fiaint signal below the
high-level standard signal, and the signal disappeared
at 6 min and thereafter,

Discussion

In the presemt study we have further tested the
specific expression of CTP in the perilymph. Skety
of 65 perilymph samples were posivive for CTE
However, CTP svas not desected in any of the
40 CSF samples. In the previous smady, we tested
20 perilymph and 20 CSF samples [6], and the results
showed that CTP was detected in all the perilymph
samples and was npegatve in all the CSF samples.
Therefore, the sum total is that 80 of 85 perilymph
samples were positive for CTP and all 8¢ SCF
samples were negative for CTP. These results further
confirm that CTTP is o peribanph-specific prowein.
CTP was not detected in five of the perilymph
samples, and this may be anributed to the low
CTP prorein concentmanions because of dilution by
bleod and seepage in the surgical field. Alternatively,
especially in the three CTP-negative cases of cochlear
implantation with profound deafness, abnormal
cochlin isoform processing might have resulted in
an undetectable level of CTP production due o

Table BL Results of OTF detection test by Western blot of the
Ieokage from cochleosomy.

Amourt of
Lane Sample sample per lane Result
H High-level standurd thCTP .27 ng ¥
2 Lawlevel standard hCTP 013 ng -
3 Pro-cochieontomy 16wl of MEL -
4 Lealage & 0 min 2 ul of fluid +
3 Leskage a1 0.5 min 2wl of fhoid -
& Eankage #t 1 min 2l of fuid -
ki Lealage a1 2 min 2 b of fluid -
8 Lenkage a1 3 min 2wl of faid -
9 Leakage a1 b myin 2l of fluid -
10 Perilymph (contral) 2wl of fluid +

Note that leaksge collected ar 2%, 35 and 43 min wis negative for
TP (data not shown), MEL, middle var lavage.
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mutations in COCH or related genes. No genaic
testing to confirm this theory has been performed
in these cases as yen

Using CTP as a marker to detect perilymph, we
tested the nawre of the profuse leakage from
cochleostomy in an apomalous cochlen case with
BOR syndrome. The fluid thar leaked at the beginn-
ing of the cochleostomy was proved w conrain CTP,
i.e. perilymph, and the CTP detecrion signals grad-
ually disappesred as time elopsed. Even though the
CTP signal was below the high-level standard signal
and was evaluated as negative by stndardization,
faint CTP signals were detected from 6.5 1o 3 min
(Fig. 33, The ol volume of leakage was approxi-
mately 10 ml over 3 min. Since the volume of the
human perilymph s estimated 1o be 150 ul by MRI
{11], we consider the perilymph 1o have been washed
out from the cochlea immediately after the leakage
started. The faint signals observed here might be
derived from the perilymph pooled in the middle
car and mastoid cavity.

Perilyrmph is thought 10 be derived from both CSF
and the vascular supply of blood plasma [12]. Protein
analysis revealed the perlymph o be different from

- blood plasma and CSF, supporting the dual origin

theory [13,14]. The average protein concentration is
40 mg/dl in the CSF and 200 mg/d! in the perilymph
of human samples, and recent proteomic analysia of
mouse samples revesled a 2.8 times higher amount
of protein in the perilymph. The exclusive expression
of CTP in the perilymph presented in this study also
shows that these three human body fluids are diserere
in nature,

Figure 3. Theresulis of the CTF detection test by Wesrern blotting
af the Jeakage from cochleosomy. MBL obtained before the fen-
estratian of the cochles wes negative for CTP (ane 3). The lenbage
callected &t © min showed o CTP signsl sbove the high-level
standurd signal (ne 4 and the sunples collected st 0.5-3 min
showed negative yesules with a S sigoal below the high-level
standard signal, and the signal disappeared at € mmin and thervafter.
Purther details ave showsn in Table 1T,
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It has been reported that thers is corsmunication
between the labyrinthine perilymph snd the C8SF
space. Histological study revesled thar the cochlear
modiohus is highly porous [14]. The porous structore
in the suface of the modicls allows communication
between perilymph and the pevivascular and peri-
neural space in the modiclus, A recent MRI study
in lwomans wsing intratympanic injection of gado-
lintum diethylenetriaminepentancetic acid revealed
the permesbility of the modiolus [15}). In terms of
pathology, this conumunication i fmportant as 2
potential route for the spread of infection and sub-
amehnoid basemornhage. Tn addition, an extremely
wide communication channel can result in & gusher
during cochlear implintation [2,3}. In evaluting the
pathology of an wsomalous inner esr, it is helpfol
to check for two possible pathologica!l conditions,
ie. whether a congenital defect of the beny barrier
to CSF ut the lateral end of the JAC caused CSF
leakage into the perilymphatic space preoperatively,
ar whether a sudden decresse of perilymphatic pres-
sare induced by the cochleostomy resulted in the
rapture of the wesk boundary of these two spaces
arel thereby coused CSF influx. As discussed above,
the CSF and perilpmph are different body fluids, not
only based on the protein constituents; butalso other
charsereristios, sach as their electrolite concents-
tions and pressure (8,12 14], The potassium gradient
from the CSF, perilymph and cm:iaiymph i ;’L& 107
and 144.2 (mEg/), respectively, on average in human
samples [16 18]. Mixture of these two fluids abruptly
changes the homeostasis of the her ear and may
cause functional distarbances such as hearing loss.

In a review of congenital malformations of the
cochlea by Graham et al. [2], & large defect
the TAC fundus was found 1o be one of the cavses
of the profound deafness, snd gradua! or intermittent
mixture of these two fhoids resulted in fhecrastions
and progressive hearng loss. The pulsatile perilymph
often found at cochilepstomy would be nuore compat-
ible with & small divect communication betwesn CSF
and pertlymph, of the kind found in the Mondini and
common cavity deformities. Lemmerding et al. [19]
reported evidence that temporal bones with the
isolated finding of a wide vestibular agueduct also
had modivlar defects, In patients with Mondini defor-
mities who start life with relatively good hearing,
sudden rises in CSF pressure caused by changes
i postare or in inteacabdominal andfor thoeacie
pressure can result in fluctwatdon and deterioration
i the suditory theeshold.

We have tested spmples of profuse fluid leakage
from only one patient and further study will be nec-
essary to understand the pathelogy of this disease
entity, In the case of cochlear implantation, it would
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be ineresting to record the presence of a gusher at the
time of cochleostomy, thus providing evidence for the
increased pressure of the perilymph and the temporal
CTP detection test result reported i this study.

Conclusion

This report has confimed that CTP is exclusively
expressed i the perilymph. Furthermore, the CTP
detection test revealed the patre of the profuse
leakage from cochleostomy in an anomalous cochiea
of a case with BOR syndrome. The initial egress of
I‘?‘«;}m;m fluid (perilymph) changed to CTP-
negative CSF as time elapsed, “indicating that the
membranous boundary between these two spaces
had ruptured intraoperatively. We have previously
reported CTP as a specific diagnostic marker of
perilymph leakage, This marker will help sbed Hght
on the mechanism of peritymph production snd the
pathology of snomalovs cochilen,
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Perilymphatic fistula and vestibular symptoms

Tetsuo Ikezono

Department of Otolaryngology, Saitama Medical University

Purpose: Perilymphatic fistula (PLF), defined as an abnormal communication between
the inner and middle ear, presents with a symptomatology of hearing loss and vestibular
disorder that is indistinguishable from a number of other inner ear diseases. Methods of
diagnosis remain controversial. We previously showed that CTP (Cochlin-tomoprotein) was
selectively detected in the perilymph. We also established a definite diagnostic test for PLF
using CTP as a biochemical marker. Here, we examined the diagnostic performance of the
CTP detection test to determine the usefulness of this test in a clinical setting.

Methods: The CTP detection test was performed using a western blot analysis with re-
combinant human (rh)CTP as a spiked standard. We evaluated the specificity of the CTP
detection test by also testing non-PLF cases. To describe the limitations of the test, we
tested samples from patients with middle ear infection. Serially diluted perilymph was
tested to determine the detection limit of the CTP test. We then applied the CTP detection
test in cases of spontaneous, traumatic and iatrogenic (surgical) PLF.

Findings: We established a standardized CTP detection test using high (0.27 ng) and
low (0.13 ng) spiked standards of rhCTP and a western blot analysis. MEL (middle ear lav-
age) samples from 54 of the 55 non-PLF cases tested negative for CTP, ie., the specificity
of the test was 98.2%. MEL samples from 43 out of 46 cases with chronic suppurative otitis
media or middle ear cholesteatoma tested negative for CTP. The detection limit in per-
ilymph was 0.161 uL/lane for an average of 5 samples. We elucidated the clinical charac-
teristics of the PLF cases in each category.

Interpretation: CTP is a stable perilymph specific protein, and this CTP detection may
be the first clinically established diagnostic tool for the detection of PLF with a high speci-
ficity. PLF is surgically correctable by sealing the fistula. The appropriate recognition and
treatment of PLF can improve hearing and balance in afflicted patients.

Key words: Perilymphatic fistula (PLF), CTP (Cochlin-tomoprotein), specificity, detection
limit
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HUHBERESTTELLNTELLD D,
BAGERTEEL, SELBEREEETSE (F
Lo MU Y EOEER (AU VU EE R
DEELGTEEZALTHEETRBLT SR
Bl ThHi, COERBIRELTRIEENEVE
HERBEREE [REFE2 WY VoYE] Off
FThbd, —HAHTHY oL w2, BE
D LS e PRITIERERT SE e
L BN yENEREENG, A TEID S A
TORY) YBEESEEAT VB LA EENRT
WAY, AR TE, FOBERAFIY -0k
FEHECERONERY, BETHIOHF I
—BEFEEELZWLOLEINTWwE, T/, 77
3 BRAME & AAMEES D 0B, B B8
DhLERLPLOHEINTLEALTHERE, £
DA FIN =T EEEIALNE, BRI A
BE AN vE]l Lo REAT AR
BACFOBEPRSLOoOH Y, FOHEEEE
BIREESEEIL L e FEINd 5,

BAHES AN OB OE(ENEED
W=z = CTP (cochlintomoprotein) % B 72
B|ETE, AU OVEOEBEFEL MR 00
& DM 2, BREMEN D Y OEEREMCEREL,
DEOERZ ZEENE L, BEFSED LN EE
B, T RIMEER T T 3 BIERES
THHEHEIDILLA2D T EEHFELTEST

%, 7 ERHREROEEFSEOREL 2, 20X
ZOWTh 74 = A REYTRIS, RETEA
Uy EOBE - MEERT 2.

1. HU L NEORE

AU EOBESES T TRELTER, 2h
ERO~- RIS R IIR TE T4 v yE Il
TERLCRFLHEET 2, BN Y vER
myth (f#8%, FED&) (HEhowizdERE
HERt R L $CHNE . (PLF is a Mith (f85e
) (Schuknecht®), PLF is the Cancer eating at
the credibility of otology (Shed?)) < hidZxicss
HBEAD BN ARF T oL D
5, £oMoiEE SRl boklon
FIY —h —ICFESh, Bhh2EEE 2o
7P —HERWIZBWTHE, A v EOREER
BESNZ L%, BhlWEMrbh, Zic
EENBEOENBH L LTRRAaBE tE b
ERL %o T 3% BRAIL, David Zee, MD.
(Professar of Neurclogy, Johns Hopkins Hospi-
tal) D2O0SFEFTH 75 = —S & TOHE T Any-
body who has valsalva induced nystagmus or ver-
tigo has Chiari Syndrome or a fistula, typically a
superior canal dehiscence syndrome (OERESER
XEOFE) LBTEY, BEONY L YED
Bt dkE{BRE,

2. #ULNEORE

Ay BTN N OREEESBE,

F1 M) EOER

(18R M acquired)

- BIRME ERE (7 7IFRE PEFEN. BE BE

BV

EESH  BAAVE, BEEERF, PE (BNE) S

FEIME

SESLH % 2 implosive  PEEZAL, E4ME
explosive  JREWEOEAL

FREOSRM (idiopathic/spontancous) &< FHEROBOR LR VH D

(R congenital) 5P 2AESFE,F SEELPESEE TS

- Mondini dysplasia % EORESE
CREFTILES b

(BF - TR AT NATEE)
e

# 1 LEEOBRHIVPEBOSFEETERTH N T 2 REBII I NICENT2
* 2 WATHEE AERBESMEOC L. B, Hd, FATEERL2ELIZLO.
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C. B - PEAME BHERE TEEEMS

77 B

. ERE ERFMEOHEE - b Fwv

bR GIEEFEH L, M) U DORHREEERb:
A OETED HENE ORI EREBIL L2
WE (B - P8E) BT, SR E
REFPBENTETL S, FmERE SN
LNRBTh 2 BB BEEEIN) vk
WESMELZBLTED, WER, BFElilic
ELRBZ0% (thicd mobile window) #5508
BOERTH B,

)y RoRBHREEI SN OMERE, T,
SE (7738, B KEIDD, B LR
BEEEIMBR LT [HEENY VB 2
PEP B, EAE, B2, microfissure (fistula
ante fenestram); P 5RMHT 2, HHEEOES T
PEEFHL, PEEEMETIET 73 BEED
TSR & 7 %o

3. B - RE%S

BWORA ¥ M id, B EA) iR OH
BEEAYET 2 2125, BLOBIIC EE 8
BE thin sliceCT#°E B T 0.9-0.5mm X 5 f A3
TN TS, FRBNESHEEN LY, B
PHRTEZ2ENLH 5, WESE, TEFE,
S L 2RERT, BEOAERIREDE T2,

EHLISA ) R R IR B IS T
BHE, ol MBI LR TSI BEMRBE
BHEIC L2 NEELTIFROCRELFEEL /-
BAGETH 2, LaL, EBRLIVAEL HY >
SIRBOA] OFRBE IR TR Ly, JERET
WIEME, WHEZBZEL T, #3543 150ul
L)y oBHEHELT L, 25
i, WEEBWEATEY, FIBE I
BIEICE DR W (ERVE, BERRE i
W) AT B, 2O DRHOEEOREILE
FLTHEEMER 27,

LT, FERLA) v NBRO BT — B —
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FEI HUVSEODMEEER2EE (F)
(CWR11X Y —ZhHkk)

1. fEEH

FilF (EEREA), AESSICI YIRS 18

FEOGTIPTAETEB LAY VB i

WORBEEITELF, LEEILOEETE

2. FRwnf

REEE, SEROSMLBEH R T L) 25E

DN, ERZER, B0 BB, »iv, EgEs

T EAE LR

EHRESIE NEACIEMEYAESTI I 2 D
DHEEDLHEENE Y, FHEHOSRIEE
ETHE2b0THE] Tihbh RS 3
RBETREBESN TS,

P S e, B L MER O RESE R
WRIE TE Y B 2 tansferrin i, AU Y ONEOD
BricA e b TE L ORTHIRESRE, Ay
PNERMAEHEL IR LB 820, Ay vos
Ex-h-L LTHRASREbITTH 2, L L
FOBEOHIEIZE Y, B2 transferrin DB~ —
=k LT OMEREED & ko 722,

L, FrLWEAERNBE~—H— & LT CIP
(cochlintomoprotein) %3 & & fu7=, CIP 4}
Uy EOELRNBETT —h - & LTSRN
Dy NERSEELFERBL TS &S
L, EBEELV OV TERAS NS TR S
R VONEBRI Y - h—Td B0,

CIPBHEIZ L 200 v EBI TR E %S
# (Middle Ear Lavage ; MEL) # #&4&3 2, F
WD LMK CTHBEWEE T, BEEE03
mlEEEEKTI~4HES LEIXL 7 MEL
Oz AF 7y TRET S,

EFROBEILCOBELRET A0, 0
BEEHELHNE LT TESRL v P 2ERLT
vyB,

1. recombinant human CTP #¥E8LL, NIE

# (Spiked Standard) & LC{EH
2. BERAA-VT F 5% — (LAS300) T

Bz SN % L o RER LA EE
3. ERERE LR W 3 ER IO NE)s

HRAE

ZOFETHEOREE, recombinant human
CTP O TR 0.27 ng/lane, ¥ MY ¥ 0%
HTR061ul/lane Th o, ChE2BET 2
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E, PEECE O VOWTERETRIERER
TER LR, FEEOHEEGERLET
98, 2%, BB THISS%TH B, SBETT A
HinE s CIPREBEXEEL, &FRTHRES
WITTE 2EREEEL T3,

ZOBET BWTHE LA v oEOBESE
DI T RN LS,

1 HEBREOREFIEDTEED D OH 5B

RGBS OFTERTHE

2 B EROTRPETFRINAEAFS B
3 I EEBENTHoT D, HBRERYIHIGE

XD EETAEMND S

BRESH T DRERTHEI LN VR
LWIERYFI) -PFREESNTEL—D0DHE
HTL 55, Mz, BAMNBRLLCIPEE
F ) oEREER) ToOEARE, BEEEE
R, BERER, NFELE—EOMEEIZE{,
FORENED LA L OBHIETE R v, A1
VOB 40D RT I - (FE2) KERELE
hEHT B,

4. LWER

AL FEEMAND VB

T3] #1) v o%E (Spontaneous PLF) &
WA BEAE, ] BRPRH LR ER O
FORBFEE) TLEWLRE L, @RS
A UovE (REOHFFEM ) Goodhill 588 L7
HEHOREHE D LS [explosive route],
LR EREOE-M 2T [implosive route])
EHBEWENREY RECHAELBNERTWE
v EBEEE (E3) UBEORED (%
Bt 2B LT waEY,

SETHBEN) Y NBRTESh, g2
TERRERTHZY, BronEBidcorr
)= EET L EERLU, BEEAD 8
R EEFI200HI DL Eic CTP Ml % 5ifF L
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Objective: Thus far,no objective measure has been developed to evaluate tinnitus severi ty. There is a close
relationship between tinnitus and depression, in which brain-derived neurotrophic factor (BDNF) has a
pathophysiological role. To determine whether BDNF levels could be used to evaluate tinnitus severity,
we evaluated plasma BDNF levels in patients with tinnitus.

Methods: Plasma BDNF levels were measured in 43 tinnitus patients and 30 healthy control patients. The
severities of tinnitus, depression, and anxiety were measured using the tinnitus handicap inventory (THI)
and the hospital anxiety and depression scale (HADS), respectively. Patients with tinnitus were divided
into 2 groups depending on their THI scores: mildly handicapped (<36) and severely handicapped (>38).
We also divided our subjects into 2 groups depending on the HADS score, which represents patient mood,
including depression and anxiety.

Results: Plasma BDNFlevels were significantly higher in the mildly handicapped group thanin the severely
handicapped and control groups (P<0.01). Patients with HADS scores of <14 had significantly lower THI
scores (P<0.05) and higher BDNF levels {(P<0.01).

Conclusions: Our findings show for the first time that plasma BDNF levels vary with the severity of tinnitus,

suggesting that plasma BDNF level is a useful tool for objective evaluation of tinnitus.

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Tinnitus is the perception of sounds in the absence of external
noise. Subjective tinnitus is defined as the perception of phan-
tom sounds. Tinnitus can affect the entire life of an individual,
preventing intellectual work and generally impairing quality of
life. In some cases, tinnitus can cause suicidal behavior [2]. Severe
tinnitus is often accompanied by affective disorders such as depres-
sion. Psychiatric comorbidity accurs especially in individuals with
severe tinnitus and adds considerably to patient suffering [2]. Major
depressive disorder and anxiety disorder occur most frequently

Abbreviations:  BBB, blood-brain barrier; BDNF, brain-derived neurotrophic
factor; CNS, central nervous system; CSF, cerebrospinal fluid; ELISA, enzyme-
linked immunosorbent assay; HADS, hospital anxiety and depression scale; HRP,
horseradish peroxidase; NGF, nerve growth factor; NT-3, neurotrophin-3; NT-4,
neurotrophin-4; THI, dnnitus handicap inventory; TMB, tetramethylbenzidine; BDI,
Beck Depression Inventory.

* Corresponding author at: Department of Otolaryngology, Hino Municipal
Hospital, 4-3-1 Tamadaira Hino-shi, Tokyo 191-0062, Japan. Tel.: +81 42 581 2677;
fax: +81 42 581 2923.

E-mail address: amifumi@bcS.so-net.nejp (F. Goto).

0304-3940/$ - see front matter © 2012 Elsevier Ireland Ltd. All rights reserved.
doi: 10.1016/j.neulet2012.01.001

in individuals with chronic disabling tinnitus, with a prevalence
of 60% or more [11,34]. Several studies have shown that tinnitus
severity and tinnitus-related distress are correlated with depres-
sion [32].

In general, subjective tinnitus has no physical signs, and there
are no objective clinical diagnostic tests to evaluate its severity.
Currently, only patient descriptions can serve as a basis for clinical
evaluation. It is therefore very important to develop objective tools
for evaluation of tinnitus. The tinnitus handicap inventory (THI) is a
very useful test to evaluate the handicap caused by tinnitus [21]. In
a consensus meeting (additional) use of the THI was recommended
for clinical studies in order to facilitate comparison of results from
different studies [17].

Brain-derived neurotrophic factor (BDNF) is a member of the
“neurotrophin” protein family of growth factors, which are related
to the prototypical “nerve growth factor” NGF [3]. Neurotrophic
factors are found in the brain and the periphery. BDNF acts on
certain neurons of the central nervous system (CNS) and periph-
eral nervous system, supporting the growth, differentiation, and
survival of neurons and synapses [3]. BDNF plays a central role in
synaptic plasticity and neurogenesis ingeneral. It was reported that
brain BDNF levels correlate with serum BDNF concentrations [3];
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therefore, blood levels of BDNF may serve as an indirect measure
of brain BDNF levels. According to Lommatzsch et al. [19], changes
in plasma BDNF levels reflect BDNF concentration changes in the
brain. It wasrecently reported that increased plasma BDNF concen-
trations observed during physical exercise in humans were due to
the enhanced release of BDNF from the brain. These results indicate
that serum BDNF is a non-specific trait marker of depression [25],
whereas plasma BDNF is a state marker [8].

Strong evidence suggests that serum BDNF levels are abnor-
mally low inpatients suffering from major depressive disorder[29].
Inaddition, close relationshipsbetween BDNF gene expression lev-
elsand tinnitus have been reported [12,28,31]. Because tinnitus and
depression tend to coexist, we reasoned that plasma BDNF levels
may serve as tools for the evaluation of tinnitus.

BDNF levels may serve as markers for activity changes in
the auditory system. Increased expression of BDNF and gamma-
aminobutyricacid (GABA) in the inferior colliculus [24] as wellasa
reduction in local field potentials in the auditory cortex [30] were
reported to be associated with tinnitus. BDNF-induced changes
in glutamatergic signaling suggest that BDNF exerts modulatory
effects on spontaneous neuronal firing rates in the auditory cortex
{13}

In the present study, we examined plasma levels of BDNF
in patients with tinnitus and in healthy controls. We tested for
any correlations between plasma BDNF levels and clinical char-
acteristics, including tinnitus severity. The objective of the study
was to investigate the plasma levels of BDNF in patients with
tinnitus.

2. Materials and methods

To investigate whether alterations in neurotrophin levels can
be detected in subjects with tinnitus, we determined the periph-
eral levels (plasma) of BDNF in patients with tinnitus (N=43; 14
male and 29 female) and healthy controls (N=30; 15 male and
15 female). Our subjects included tinnitus patients without other
inner ear disorders like sudden deafness or otitis interna. We
carefully excluded subjects with tinnitus due to acute inner ear
disorder by asking patients about recent history of hearing deteri-
oration. The average age was 57.1£15.2 years (average +SD) and
50.7 £10.1 years, respectively. The severity of tinnitus was eval-
uated by the THI score. The proposed severity according to THI
score was as follows: no handicap (0-16), mild handicap (18-36),
moderate handicap (38-56), severe handicap (58-76) and catas-
trophic handicap (78-~100) [22]. Patients with THI scores of less
than 36 were classified as having mild tinnitus. Patients were clas-
sified as having severe tinnitus if the THI score was more than
38. Subjects were first-visit patients complaining of tinnitus at
the Hino Municipal hospital. None of the patients had psychiatric
disorders at the time of the first visit, and none reported taking
drugs for the treatment of psychiatric disorders, including antide-
pressants and anxiolytics. Conventional audiological evaluation
was conducted by pure tone audiometry. Severity of tinnitus was
evaluated by the THI score. Mood, including anxiety and depres-
sion, was evaluated using the hospital anxiety and depression
scale (HADS) [33]. We divided our subjedts into 2 groups depend-
ing on the HADS score. In our previous study, we determined
that a total score of 15 or more is indicative of mood disorder
[10]. We classified patients with total scores of 14 or below as
HADS < 14 and those with scores of 15 or above as HADS > 15. In
addition we collected data on hearing threshold, site of tinnitus
(left ear, right ear, bilateral, or intracranial), and duration of tinni-
tus from the initial onset. The hearing threshold was calculated as
the average of 4 consecutive frequencies of 500, 1000, 2000, and
4000 Hz.

2.1. Plasma BDNF measurements

Blood samples from all subjects were drawn between 0900
and 1000h. Approximately 4mL of blood was collected in a
vacuum tube with lithium heparin and immediately centrifuged
at 3800rmpm for 10min. Plasma was stored at —70°C prior to
use. Human BDNF was detected by sandwich ELISA according
to the manufacturer’s instructions (CYT306; Millipore Co., Riller-
ica, MA, USA). All assays were performed in F-bottom 96-well
plates (Nunc, Wiesbaden, Germany). Tertiary antibodies were con-
jugated to horseradish peroxidase (HRP). Color was developed with
tetramethylbenzidine (TMB) and measured at 450/570 nm. BDNF
content was quantified against a standard curve calibrated with
known amounts of BDNF. The detection limit was <4pg/mL. All
samples were tested twice, and mean values were calculated. Cross-
reactivity to related neurotrophins (NGF NT-3, and NT-4) was less
than 3%. Intra-assay and inter-assay coefficients of variation were
3.7%and 8.5%, respectively. Concentration was expressed aspg/mL.
The relationship between the THI score and plasma BDNF concen-
tration was investigated.

We tested for correlations between plasma BDNFlevels, tinnitus
handicap, depression, and anxiety. All experiments were carried
out in accordance with the guidelines of the ethics committee of
the Hino Municdpal Hospital and the Declaration of Helsinki.

2.2, Statistical analysis

All data were analyzed using Microcal Origin R version 6.0
software (Microcal Software Inc., Northampton, MA, USA) and
Graphpad Prism software (Graphlad Software Inc, La Jolla, (A,
USA). Statistical analyses were performed using t-tests, repeated
measures ANOVA, and chi-square tests. If the Pvalue was less than
0.05, the results were considered statistically significant.

3. Results

Thirteen patients reported tinnitus in the right ear and 12,
in the left ear. Eleven patients reported bilateral tinnitus, and 7
reported intracranial tinnitus. The average hearing threshold was
22.9+20.3dB for the right ear and 20.9+14.8 dB for the left. THI
ranged from 2 to 90 (average: 38.2 +23.4). The duration of tinnitus
ranged from 2 days to 312 months (average duration: 25.5 +59.6
months). Initially, patients with tinnitus were divided into 2 groups
depending on the duration oftinnitus. Tinnitus with duration of less
than 2 months was defined as acute tinnitus. Tinnitus with dura-
tion of more than 3 months was defined as chronic tinnitus {20].
Twenty patients had acute tinnitus, and 22 patients had chronic
tinnitus. When we compared BDNF levels, HADS scores, and THI
scores between these groups, there were no significant differences.
Therefore, we combined these 2 groups and treated them as 1
group for comparison purposes. The total HADS scores of tinnitus
patients (14.5 £ 7.5) were significantly higher than those of con-
trols (7.8 £5.4; P<0.0001). Plasma BDNF levels ranged from 48.6
to 4045.4pg/mL (average, 768.7 £ 961.4pgfmL) in tinnitus patients
and from 44.8 to 12899 pg/ml (average, 338.5+287.7 pg/mlL) in
the controls (Table 1and Fg. 1). The site oftinnitus, hearing thresh-
old, and the duration of tinnitus did not correlate with the THI
scores, HADS scores, or BDNF levels.

There were 25 patients with mild tinnitus and 18 with severe
tinnitus. Fig. 1 shows that mild tinnitus patients showed signifi-
cantly higher plasma levels of EDNF than severe tinnitus patients
(1.321.9 £1266.1 vs. 385.1 £524.9pg/mL: P<0.01) and controls
(P<0.01; Fig. 1). Plasma BDNF levels were negatively correlated
with HADS scores (R=-0.35, P<0.05), while THI and HADS scores
were positively correlated (R =0.55 P<0.0001). After adjusting for
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Table 1
THI scores and plasma BDNF levels in patients with different mood s tatuses.

THI scores and plasma BDNF levels in patients with different mood statuses.

Patients with tinnitus

.. controls
HADS<14 HADS215
THI N.A. 25.9 16.3 49,5 +23.5
|
**
BDNF 338.5:287.7 1092.1 £ 1157.6 474.6 + 634.1
L ]
HADS 78154

14575
i

*P<0.05, **P<0.01, **P<0.001

“P<0.05,**P<0.01, ***P<0.001.

possible effects of HADS scores, partial correlation coefficients for
BDNF levels and THI scores indicated that there was no relation-
ship between BDNF levels and THI scores. As shown in Table 1,
patients with HADS scores of <14 had significantly lower THI scores
(P<0.05) and higher BDNF values (P<0.01) than patients with
HADS scores of »15.

4. Discussion

Tinnitus is a phantom auditory perception that is associated
with hearing loss and altered neuronal excitability in peripheral
and central auditory neurons [24]. BDNF is affected by changes in
excitability and plasticity and is involved in neuronal survival and
differentiation. BDNF is a key player in the mechanism of aonset
and persistence of salicylate-induced tinnitus. Increased BDNF
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Fig. 1. Plasma BDNF levels in controls, patients with mild tinnitus, and patients
with severe tinnitus. Plasma BDNF levels are significantly higher in patients with
mild tinnitus. Both normal controls and patients with severe tinnitus showed low
plasma BDNF levels. **P<0.01.

expression in spiral ganglion neurons and increased spontaneous
activity in the cochlear nerve and dorsal cochlear nucleus have
been reported in asalicylate-induced tinnitus model [5}. Salicylate-
induced upregulation of BDNF in the spiral ganglion neurons may
result in an imbalance of central auditory neuronal activity, which
is associated with tinnitus.

To verify whether BDNF-related mechanisms are involved in
tinnitus, we investigated whether peripheral circulating BONF lev-
els differ between patients with tinnitus and healthy patients.
THI was developed to quantify the symptoms of tinnitus [21], so
THI scores were used to evaluate tinnitus, Our results indicate
that both normal controls and severely affected tinnitus patients
had low plasma BDNF levels (Fig. 1). Interestingly, about 50% of
the patients had low plasma BDNF levels, even mildly distressed
patients (Fig. 1). Whether plasma BDNF levels are sensitive enough
to serve as clinical biomarkers in tinnitus patients remains to be
investigated. Future research will therefore focus on conditions
that may affect BDNF levels. Since hearing levels were not corre-
lated with the plasma BDNF levels in this study, elevated BDNF
levels are unlikely to be linked to cochlear function. Tinnitus is
likely associated with many parts of the central nervous system, in
contrast to hearing function, which is associated with discrete CNS
components.

BDNF is found in both serum and plasma in humans [9].
Human platelets contain a large amount of BDNF [9]. As a con-
sequence, serum levels of BDNF are about 200-fold higher than
plasma levels [27]. Since BDNF crosses the blood-brain bar-
rier (BBB) in both directions, circulating BDNF might originate
from neurons and glial cells in the brain [23]. Therefore, plasma
BDNF may reflect circulating levels rather than BDNF stored in
platelets.

Meta-analyses showed a reduction in both serum and plasma
BDNF levels in major depression [4,6,29]. Previous studies have
reported that serum BDNF levels are significantly lowerin drug-free
patients with majordepression[14].Karege et al. reported that both
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serum and plasma BDNF levels were significantly lower in patients
with major depression than in normal controls [14]. In addition,
previous studies found lower serum BDNF levels in patients with
higher Beck Depression Inventory (BDI) [1] sum scores [7].

It is unclear whether altered plasma BDNF levels are primary
or secondary signs in patients with mild tinnitus. Changes in
BDNF expression subsequent to the onset of tinnitus have been
reported. BDNF is affected by changes in excitability, and plastic-
ity and is one of the key players in the onset and persistence of
salicylate-induced tinnitus [24]. Therefore, increased plasma BDNF
levels in mild tinnitus patients may reflect increased BDNF lev-
els in the central auditory system. In severe tinnitus patients, the
relative reduction in plasma BDNF can be explained by stress-
induced reduction of BDNF in the central nervous system. There
was no correlation between THI scores and plasma BDNF levels
after adjustment for HADS scores. BDNF levels may be more likely
to be related to HADS scores than to THI scores, although our data
cannot prove this. The fact that elevated BDNF levels occur only
in patients with mild tinnitus is interesting. The limitation of the
present study is that we evaluated tinnitus on the basis of THI
scores alone. We did not measure tinnitus loudness in patients.
If we had measured tinnitus loudness and tested for a correlation
between tinnitus loudness and BDNF, we may have determined
whether the plasma BDNF levels reflect auditory function. THI
scores alone do not provide sufficient information to adequately
determine the relationship between tinnitus and plasma BDNF lev-
els. Psychiatric comorbidities, especially depression and anxiety
disorders, are common phenomena in tinnitus patients. Our sub-
jects did not have psychiatric diagnoses at the time of evaluation.
However, the HADS scores indicated that the mood status in our
patients differed from that of healthy subjects. Patients with HADS
scores of >15 had lower plasma BDNF levels than those with HADS
scores of <14 {Table 1). This result can be explhined by the effect
of mood of the patients. There is no simple explanation for the
observed changes in plasma BDNF; however, these changes can be
partly attributed to the effect of mood, including depression and
anxiety.

It is unlikely that tinnitus and depression coexist by chance.
Instead, these conditions represent a complex interplay between
tinnitus and depression [18]. Whether altered BDNF levels are a
result of depression caused by tinnitus or are due to the tinnitus
alone is still not known.

We should therefore carefully consider the implications of the
changes in BDNF levels in patients with mild tinnitus.

From a clinical point of view, it is important to note that in tin-
nitus patients, their suffering is frequently linked to concomitant
depressive symptoms. Improvement of depression is paralleled by
improvements in functional ability [16]. It is therefore important
that clinicians who treat tinnitus patients are observant of comor-
bid psychiatric symptoms, especially depression and anxiety. It is
especially important that these dinicians consider affective symp-
toms when providing treatment for tinnitus.

Whether plasma BDNF levels reflect dynamic changes in BDNF
levels in the CNS is debatable. Intact BDNF in the peripheral cir-
culation crosses the BBE using a high-capacity, saturable transport
system [23]. Brainand serum BDNF levels undergo similar changes
during maturation and aging processes in rats [15]. In addition,
there isa significant positive correlation between plasmaand cere-
brospinal fluid (CSF) BDNF levels in psychiatric patients [26]. These
results indicate that plasma BDNF concentrations reflect dynamic
changes in the brain. Plasma BDNF levels may be used to objec-
tively evaluate tinnitus severity and may assist in the identification
of comorbid psychiatric disorders, including depression. Treatment
of comorbid psychiatric disorders can substantially reduce the bur-
den ofthe diseaseand improve the quality oflife of individuals with
tinnitus.

5. Conclusion

The results of our study suggest that plasma BDNF levels are
higher in patients with mild tinnitus than in healthy controls. Gur
findings show for the first time that changes in periphemal levels of
BDNF occur in patients suffering from different levels of tinnitus,
suggesting a potential involvement of BDNF in the severity oftinni-
tus. These results suggest that differences in peripheral BDNF levels
may help distinguish patients with mild tinnitus from healthy sub-
jects. Furtherstudy is required to identify the possible physiological
mechanisms responsible for altered BDNF levels in patients with
tinnitus.
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Objective: Vestibular rehabilitation strategies mostly require a
long-lasting training in stance conditions, which is finally not
always successful The individualized training in everyday-
life conditions with an intuitive tactile newofeedback stimulus
seems to be a more promising approach. Hence, the present
study was aimed at investigating the efficacy of a new vibro-
tactile newofeedback system for vestibular rehabilitation.
Study Design: Double-blinded trial

Patients: One hundred five patients who experience one of
the following balance disorders for more than 12 months were
included in the study: canal paresis, otolith disorder, removal
of an acoustic newroma, microvascular compression syndrome,
Parkinson’s disease, and presbyvertigo.

Interventions: Vibrotactile neurofeedback training was per-
formed daily (15 min) over 2 weeks with the Vertiguard system
in those 6 tasks of the Standard Balance Deficit Test with the
most prominent deviations fiom the nommative values.

Main Outcome Measures: Trunk and ankle sway, dizziness
handicap nventory, and vestibular symptom score were mea-
sured in the verum and placebo group before the training, on
the last raining day and 3 months later.

Results: A significant reduction in trunk and ankle sway as well
as in the subjective symptom scores were observed i the verum
group. Such an effect could not be found in any of the outcome
parameters of the placebo group.

Conclusion: The vibrotactile neurofeedback training applied in
the present study is a highly efficient method for the reduction
of body sway in different balance disorders. Because the reha-
bilitation program is easy to perform, not exhausting, and time
saving, elderly patients and those with serious, long-lasting bal-
ance problems also can participate successfully. Key Words:
Neurofeedback—Postural control—Vestibular rehabilitation—
Vibrotactile.

Otol Newrotol 32:1492-1499, 2011,

Numerons diseases are accompanied by balance defi-
cits, which are frequently characterized by an increase in
body sway and a higher risk to fall. Different strategies

Address correspondence and reprint requests to Dietmar Basta, Ph.D.,
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Germany; E-mail: dietmar.basta@ukb.de
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in the conservative management of those balance defi-
cits have been applied successfully over the last few
decades to improve central compensation of the tonus
imbalance within the vestibular system and to facilitate
substitution (1) in different types of peripheral or cen-
tral vestibular disorders (2,3). Various exercise programs
(home or supervised) have been described, mcluding
physical training (4), Cawthome-Cooksey interventions
(5), and altemative strategies—such as Tai Chi (6).
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However, these vestibular rehabilitation strategies mostly
require a long-lasting, intensive training approach (i.c.,
over several weeks or even months) which is finally not
always successful. Cwrent studies have shown that re-
habilitation strategies including a sensory feedback signal
could be much more effective. The first feedback appli-
cations consisted of stance tasks with visnal feedback
(3,7.8), galvanic feedback (9,10), or vibrotactile feed-
back (11,12). Because patients tend to fall mostly in
dynamic (ie., movement) conditions, those stance tasks
in balance rehabilitation should be accompanied by gait
(or dynamic) tasks including daily-life situations. Earlier
studies showed a high effectiveness of a free-field audi-
tory neurofeedback training to reduce the body sway in
patients with different peripheral vestibular disorders
(13-15). This auditory newrofeedback application, how-
ever, Is limited to the laboratory situation and those pa-
tients with good hearing {which is frequently not the case
i the elderly or patients with a vestibular disorder).
Therefore, an intuitive tactile newrofeedback stimulus could
be superior for encoding of the individual sway information
during the training of everyday-life conditions.

Hence, the present study was aimed at investigating
the efficacy of a newly developed method for vestibular
rehabilitation with a vibrotactile neurofeedback system.

MATERIALS AND METHODS

Patients’ Characteristics

Patients which chronically experienced dizziness {longer than
12 mo) were recruited within 17 months from neuro-otologic
or neurologic clinics.

The inclusion criteria to participate in the neurofeedback
training program was a pathologic body sway (measured at the
hip in pitch and roll direction) compared with normal age- and
sex-related controls as recorded by the diagnostic, mobile pos-
turography device Vertiguard-D (Vesticure GmbH, Germany).
The pathologic sway should be found in at least one of the test
conditions of the Standard Balance Deficit Test (SBDT) (15) or
the Geriatric Standard Balance Deficit Test (gSBDT) (manual
Vertiguard, Vesticure GmbH).

The SBDT contained the following 14 tasks: standing on
2 legs with eyes open/closed, standing on 1 leg with eyes open/
closed, 8 tandem steps (1 foot in front of the other) with eyes
open, standing with 2 legs on a foam support swface ¢height,
10 am; density, 25 kg/m®) with eyes open/closed, standing on 1
leg on a foam support surface, 8 tandem steps on a foam support
surface, walking 3 m while rotating the head, walking 3 m while

vertically pitching the head in rhythm, walking 3 m forward
with eyes open/closed, and walking over 4 barriers (height of
26 cm with an interbarrier distance of 1 m).

The following tasks were skipped in the gSBDT (for patients
older than 59 yr): standing on 1 leg with eyes closed and standing
on 1 leg on a foam support surface.

The tasks “stand up'’ and “‘sit down’' were added as last
conditions to the gSBDT.

The recording time was 20 seconds for all stance tasks and
as long as required for gait tasks (mostly <20 ).

Exclusion criteria for the study were as follows: the use
of drugs, which actively influence the vestibular system (e.g.,
cnnarizine, dimenhydrinate, betahistidine); sensory deficits ex-
ceeding age-related values (e.g, auditory symptoms, blurred
vision, ancsmia); a combination of different types of vestibular
disorders in 1 patient (e.g., canal paresis and otolith disorder)
because 1 important aim of the present study was to investigate
a possible comrelation between the efficacy of the training and a
specific vestibular disorder; an acute vestibular disorder (due to
World Health Organization definition); and all included patients
received no other treatment (whether medical, surgical, or reha-
bilitative) for their balance disorder during the study period.

Of the 132 patients who experienced dizziness or instability,
27 were excluded from the study. Seven of them showed a
combination of different types of vestibular disorders; 4 had
sensory deficits, which exceeded the normal age-related values
(auditory symptoms); and 16 patients showed no pathologic
body sway within the SBDT. In total, 105 patients were inclu-
ded in this study. The sample contained patients with 6 different
peripheral or central balance disorders, including the following
(for details, see Table 1): unilateral canal paresis (semicircular
canal paresis [SCCY); otolith disorder (O), that is, unilateral or
bilateral loss of sacculo-utricular function; patients after re-
moval of an acoustic neuroma (AN) with resection of the ves-
tibular nerve; microneuro) vascular compression syndrome
(MVCS) of the VIIIth cranial nerve; Parkinson’s disease (PD);
and presbyvertigo (P), that is, patients older than 59 years with
no specific vestibular deficit but an increase in body sway as
result of this complex disorder.

Patients with an otolith disorder showed a combined sacculo-
utricular dysfumction. All the vestibular tests were applied to all
patients to exclude an overlapping of group-specific pathclogies.
Pathologic findings in the vestibular testing of the same side as
affected by an AN or a miro{newrc) vascular compression were
related to the disorder of the VIIIth nerve function. The vestibu-
lar test battery contained the following procedures: caloric test-
ing (pathologic results: side differences of more than 15% [slow
phase velocity]); cervical vestibular evoked myogenic poten-
tials (pathologic results: absence of N1/P1 even if the required
tonic muscle activity was achieved); and subjective haptic verti-
cal (pathologic results: side asymmetry or difference to the verti-
cal of more than 10 degrees).

TABLE 1. Characterization of treatment subgroups and classification criteria

Subgroup Age n Female Male Classification criteria
Semicircular canal function loss 60.2 +13.6 25 10 15 Pathologic results during caloric imigation
Otolith disorder 54.6 +13.8 21 10 11 Pathologic vestibular evoked myogenic potentials
or subjective haptic vertical
Acoustic neuroma removal 60.2 +10.1 10 4 6 Surgical removal of an acoustic neuroma
Microvascular compression syndrome 52.0+10.8 12 6 6 Radiographic defined 8. Nerve-anterior inferior
cebellar artery contact
Parkinson’s disease 68.1 +9.1 10 2 8 Idiopathic type
Preshyvertigo 734 +6.0 13 6 7 Dizzy elderly patients (59 yr} without a vestibular disease
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After calculating the minimal sample size for the control
(placebo) group by using the software G*Power 3.1.2 (Uni-
versity Kiel, Germany) (16) with an effect size 0of 0.9, p =0.05,
and a statistical power of 0.8, 14 patients were randomly
selected from the initial study sample of 105 patients under
consideration of the initial distribution of balance disorders and
sex. Six female subjects (64.0 £ 9.6 yr) and 8 male subjects
(58.8 £ 8.5 yr) were included in the control group with the
following distribution of balance disorders: SCC, 28.6%; O,
21.4%; AN, 14.3%; MVCS, 14.3%; PD, 7.1%; and P, 14.3%.

All other patients were included in the treatment group.
This group contained 91 patients (39 female subjects—59.1 +
14.1 yr; 52 male subjects—61.7 = 12.7 yr). The distribution
of balance disorders and sex was similar to that of the control
group. Table 1 shows the details of the treatment subgroups and
the classification criteria.

Vestibular Rehabilitation Training

The training was performed using the Vertiguard training de-
vice (Vesticure GmbH). It contains a battery-driven main unit
(120 x 76 x 32 mm, 190 g) which is fixed on a belt at the center
of body mass (hip) and 1 vibration stimulator on the front, back,
left, and right side, respectively (Fig. 1). The vibration stimula-
tors are mounted on the same belt as the main unit. They are
adjustable by sliding them over the belt into the correct position
of the individual patient. The main unit continuously records
the Coriolis force during body movements in pitch and roll by
inbuilt gyroscopes and compares those values with individually
preset thresholds for the stimulator activation in the specific
direction. Preset thresholds were task specific. They were deter-
mined for the individual patient based on the maximum age-
and sex-related normative sway in the specific SBDT condition
and sway direction. The thresholds were stored for each training
task in the main unit. Training tasks were selected automatically

FIG. 1. Application of the vibrotactile neurofeedback system
Vertiguard for the treatment of balance disorders. The system with
the main unit (1) and the vibration stimulators (2) is fixed on a
belt at the center of body mass. Only 2 of the 4 vibration stimu-
lators are visible in the picture.
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by analyzing the results of the SBDT or gSBDT. Only those
6 tasks with the most prominent deviations from the normative
values were included in the training program. The number of
training tasks was limited by the device capacity. This is re-
lated to the assumption that almost all patients show a patho-
logic sway in not more than 6 conditions of the SBDT. The
patient was able to switch between the tasks by pressing a button
on the main unit. To prevent the selection of wrong thresholds
for the performed task, the chosen task was shown together with
the patient’s name in the display of the main unit. No vibrotac-
tile feedback stimulus was delivered via the stimulators if the
patients’ sway were below the preset thresholds. In contrast to
this, if the body sway exceeded the thresholds, the perceived
vibration was increased with the amplitude of body sway. The
patients were instructed daily by a nurse to adjust the vibratory
stimulation step by step (within a scale of 10 steps) at the begin-
ning of each selected training task by pressing the sensitivity
buttons (up/down) on the main unit. During this procedure, the
individual preset thresholds were similarly decreased for all sway
directions of the specific training condition until the patient per-
ceived a vibration during performing the training task.

Vestibular rehabilitation exercises were performed daily
over a 2-week period with 10 days of exercising (weekends
excluded). Each session contained 5 repetitions of the selected
tasks. The time limit for 1 repetition was 20 seconds for all
stance tasks and as long as needed for gait tasks (similar to the
recording time of the SBDT/gSBDT). The total daily training
time was approximately 15 to 20 minutes.

Patients of the control group performed the similar protocol
with a sham device (emitting randomly assigned signals to the
vibrators), The patients as well as the supervisor did not know
the group classification (double-blinded study design).

Evaluation of the Effects of the
Vestibular Rehabilitation

Trunk sway of the patients was measured in pitch and roll
for each exercise task (without feedback) before and after
the training by means of the Vertiguard D system (Vesticure
GmbH). The results were averaged across all tasks.

The composite score of the sensory organization test (SOT)
of the BalanceMaster (Nicolet Biomedical, Clackamas, OR,
USA) ankle-sway referenced system (platform), the dizziness
handicap inventory (DHI) (17), and the vestibular symptom
score (VSS) (18) were obtained before the training, on the last
training day, and 3 months later.

Objective measures of trunk sway (pitch and roll) and ankle
sway (SOT composite score) were used as primary end points.
The SOT composite score is scored between zero (fall) and 100
(maximum stability). The results of questionnaires (DHI and
VSS) were classified as secondary end points. Lowering of DHI
or VSS scores indicate a decline of handicaps or symptoms.
Primary and secondary end points were statistically compared
in the treatment group (also for all subgroups) and placebo
group before and after the rehabilitation period by the ¢ test for
dependent samples or the Wilcoxon’s test (depending on data
distribution). The similar tests were used for the comparison
between the results of all investigated parameters before the
training and after the follow-up (SPSS 11.0). A Bonferroni
alpha correction was applied for multiple comparisons. In the
case of missing values, the patient was excluded from the ana-
lysis of the related parameters. Data were tested for a normal
distribution by the Kolmogoroff-Smirnoff test.

The statistical power and effect size was determined by post
hoc calculations for each comparison with the software G*Power
3.1.2 (University Kiel, Germany) (16). Statistical power estimates
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