Functional magnetic resonance imaging of cortical sensitivity to the binaural-level characteristics of high-frequency Gabor click trains.

VERSITY OF
G. Christopher Stecker and Susan A. McLaughlin

1 otbd WASH INGTON
Dept. of Speech and Hearing Sciences
University of Washington HQ75

Background Individual variation in binaural Response dependence on ABL, ILD, and rate varies across AC Variation of individual response-ILD functions

40

AC, respectively.

o o o o o o o 40 Ta z I
Presented via piezoelectric insert earphones (Sensimetrics) in ear defenders 100 150 50 100

20

50

—

50

20

Multiple markers approach to differentiating auditory cortical (AC) fields physiologically | nte ra Ctlo N aCross AC
(e.g., Bizley et al. 2005, Stecker et al. 2005, Harrington et al. 2008)
(B;,ina|l-”a| IE\(eI senlslitivitly: key. c.iirnen]_:,ié)cr; :Br ct:)flmarilcterizing ,IAC nlecl;rons éthang et al. 2004,(Ij<.if:czes 2908) . - - - o RI&E&%%EHEEE | . Subject average |h o Subject average rh o roum Normalized (minimum to maximum) ROl ROIGAH.
oal: use binaural level sensitivity o (blood-oxygen-level-dependent) response to differentiate ields in humans b b | . Bmaura: respi)nse |o|at—0 // \N response-ILD functions for individual \/\/
O b t 100 100 t.ern.Co orvalues plot% 45 120 subjects vary in position and slope of
Jec IVE . . 30 signal chipgi, a:c/eras?seocl:lB 100 100 J\/\ f\A tuning. Average response-ILD func- A/\\
% % across subjects, for : :
Measure sensitivity of AC BOLD response to binaural level characteristics of stimuli 40 40 o) \/w \/\ tion (thick curve at bottom of each \ﬁ \/L
: . : : ) SPL vs silence under | hibi dual tuni
Parametric variation of average binaural level (ABL) , interaural level difference (ILD) 20 20 : 80 80 plot) exhibits gradual tuning as a
F=21 monotic-left (green), \F \N result. Left: response-ILD functions for
. . 50 100 150 i _right (red) and 50 m 50 . . . P :
Stimulus prese Nntation 0811 1 monoticrig e N e \/ A ROI 4 (anterior to HG); left and right /VJ M
. . | . o 1‘2‘2 1‘2‘2 diotic (b|l.16). prgsentatlon. 10 | /Posterlor 25 40 Posterior~—wy _ = Anteriop Lateral AC plotted in left and right panels, re-
4000 Hz (carrier frequency) Gabor click trains, 3-ms interclick interval (ICl) Labels, grid indicate ROI Anterior ' . . :
, . ) o . S 100 100 . ! b spectively. Individual subjects ordered
Presenta’Flon rajce: 5 trains of 32 clicks / second (“slow”) or 40.tra|ns of 4 clicks ("fast”) / second o o positions. Left and rig t 5 20 /\/ /\f top to bottom as for individual con- /\/ /\ﬁ
Level assigned independently at each ear [55-85 dB SPL or silent (-10 dB)] 60 60 panels plot left and right \/‘ \,\/ trast maps. Right: response-ILD func- _/ ‘\/\/

o tions for ROI 6 (posterior to HG). For-
ILD (dB) % %0 LD (dB) mattlng identical to left. e ILD(de) 0 ILD(de) *

|

@ L
o
o

Task: detect rare (once per ~13s) presentation of 2-ms ICl by button press

o
W
o

50 100 150

Response-ABL Function
| Discussion

1) Variation in binaural level sensitivity across AC?
-Different binaural interaction types (EE/ EQ / El) ?
-AC regions differ in strength of preference for contralateral ear
-Level response area (LRA) can potentially discriminate El-type ILD tuning from
EO-type contralateral drive
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Response-ABL functions.
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slow (5/s, red),and com-
bined (black) presentation
rates. Panels correspond to
ROIs located in left (left
panels) and right (right
panels) AC. Note variation
in overall response magni-
tude, sensitivity to rate, ABL.

12-second blocks present binaural level combination x rate
Silent blocks (-10 dB SPL to each ear) occur every 4th block
Image acquired at end of each block (sparse acquisition)

3 runs of 57 blocks per subject

Imaging methods

BOLD echoplanar imaging (Philips, 3 Tesla)

Sparse imaging (TR = 12s, one frame per block) Binaural level combinations presented to subjects .
32 slices (4.5 mm thick), 3mm x 3mm in-plane resolution are indicated by “x”in the corresponding cell. Shad- 60

ing illustrates sequences used for testing sensitivity 40
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ROI 3 ROI 2 ROI 1 -Match size/shape to responses (avoid averaging smaller-scale structures)

-Alignment with functional markers of microanatomy rather than gyral structure
-Accounting for individual variation
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Analytical methods
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variation in binaural interaction type across cortical
surface. Color values plot F statistic (scale at top right),
thresholded at p<10-2, for simple contrasts: diotic vs
silence (blue), left-favoring ILD vs silence (green), right-
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