
N O N P A T H O L O G I C A L  C O N S I D E R A T I O N S  I N  T HE D E T E R M I N A T I O N  OF  
B R A I N S T E M  E L E C T R I C  R E S P O N S E  A C T I V I T Y

John T. Jacobson,  Ph.D.
School of Human Communication Disorders 

Dalhousie Univers i ty  
H a l i fa x ,  Nova Sco t ia

and

Robin Morehouse, M.Sc.
Nova Sco t i a  Hearing & Speech Cl in ic  

Ha l i fax ,  Nova Sco t ia

and

Michael R. S e i t z ,  Ph.D. 
Department of  Biocommunications 

Univers i ty  of Alabama a t  Birmingham 
Birmingham, Alabama

Abst ract

The in troduct io n  o f  brainstem auditory  evoked p o t e n t i a l s  has 
provided a r e l a t i v e l y  new technique f o r  monitoring neural a c t i v i t y  
from the auditory nerve and brainstem n u c l e i .  I t  i s  the purpose o f  
t h i s  paper to  present  the e f f e c t s  o f  st imulus p resen ta t io n  r a te  and 
sex on brainstem response a c t i v i t y .  Ten normal hearing a d u l t  subjec t s  
( f i v e  male and f i v e  female)  r ece ived  c l i c k  s t im u l i  presented  a t  i n t e n s i t y  
l e v e l s  o f  70,  50,  30, and 20 normal hearing l e v e l  (nHL) a t  presen ta tion  
r a te s  o f  1 0 .5 ,  3 3 .5 ,  and 80 .5  per second.  S i g n i f i c a n t  Wave V la tency  
d i f f e r e n c e s  were found between male and female s u b je c t s  as we l l  as 
between presen ta t ion  r a t e s .  Result s  su g g es t  the  e s tab l i shm en t  o f  male, 
female normative la t e n c y  data a t  known p resen ta t ion  r a te s  prior  to the 
accurate  assessment o f  auditory s e n s i t i v i t y  or neuro lo g ica l  brainstem 
d i s o r d e r s .

Brainstem aud i to ry  evoked p o t e n t i a l s  are  measurements of e l e c t r i c a l  
a c t i v i t y  genera ted from the aud i to ry  pathway w i th in  the  f i r s t  10-12 ms 
pos t  s t imulus  o n se t .  This te chnique,  which was f i r s t  repo r ted  by Jewet t  
(1969, 1970) and his  col leagues  ( J e w e t t ,  Romano, and W i l l i s t o n ,  1970; 
Jewet t  and W i l l i s t o n ,  1971) involves  the  use of a s ignal  averager  and 
focuses  on the  e x t r i c a t i o n  of  bra ins tem e l e c t r i c a l  p o t e n t i a l s  from random 
EEG a c t i v i t y .  These bra ins tem p o t e n t i a l s  c o n s i s t  of  seven measurable wave 
forms (J ew e t t  and W i l l i s t o n ,  1971), each separa ted  in la tency  by approxi 
mately one m i l l i second  and each rep re sen t in g  success iv e  a c t i v i t y  wi thin  
the aud i to ry  nerve and bra ins tem nucle i  (Davis ,  1976; Pic ton and Smith, 
1978).

Research and c l i n i c a l  i n v e s t i g a t i o n  in bra ins tem e l e c t r i c  response 
(BER) a c t i v i t y  to aud i to ry  s t im ul i  has centered on two p r in c ip a l  a reas :
1) those concerned with neurolog ical  func t ion  and d i so rd e r s  and 2) those 
involving the aud i to ry  assessment of  the pe r ip he ra l  hear ing mechanisms 
(Don, e t  a l 1979) .
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The c r i t e r i a  used for  BER in t e r p re t a t i o n  is based pr imari ly  on the 
la tency of individual  wave peaks and t h e i r  interpeak l a t e n c i e s .  Due to 
i t s  consistency and s t a b i l i t y ,  the f i f t h  wave has been considered 
prominent in the i n t e r p re t a t i o n  of audi to ry threshold s e n s i t i v i t y .  Figure 
1 i l l u s t r a t e s  an audi tory  e l e c t r i c  response recorded from a normal hearing 
adu l t  to a c l ick  s t imulus.  Four i n t e n s i t y  level s  and t h e i r  respec t ive  
Wave V la tenc ies  are given. Unfortunately,  Wave V l a t e n c y - in t e n s i t y  
funct ion may be a f fec ted  by numerous e x t r i n s i c  and i n t r i n s i c  parameters 
(Weber and Fujikawa, 1977; Picton, e t  a l . ,  1977). Two of these parameters 
include stimulus p resen ta t ion  r a t e  and sex. Consequently, in order  to 
e s t a b l i sh  normative data th a t  is  comparable between subjects  and across 
c l i n i c s ,  and thereby the c r i t e r i a  fo r  abnormali ty,  va r iab les  must be 
sys temat ica l ly  e l iminated .  Therefore,  i t  i s  the purpose of th i s  study to 
r epor t  the e f f e c t s  of stimulus presen ta t ion r a t e  and sex on the BER Wave 
V l a t e n c y - in t e n s i t y  funct ion .

Figure 1. Typical brainstem e l e c t r i c  responses recorded from a normal 
hearing sub jec t  to monaural c l i ck  (33.3/sec)  stimulus a t  
var ious i n t e n s i t i e s .  Note Wave V l a tenc ie s  increase as 
st imulus i n t e n s i t y  decreases .  Each t races  sums 2000 responses 
with superimposed r ep l ica ted  t races  obtained during the same 
sess ion .
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METHOD

SUBJECTS

Ten normal hear ing s u b j e c t s ,  f i v e  males and f i v e  females ,  were used 
in t h i s  experiment .  Each s u b je c t  had hear ing th re sho ld  s e n s i t i v i t y  of 
10 dB ( r e :  ANSI, 1969) or b e t t e r  a t  f r equenc ies  500, 1000, 2000, 4000, 
and 6000 Hz. Subjects  were a u d i t o r i l y  t e s t e d  inmedia te ly p r i o r  to BER 
using a modif ied method of  l i m i t s .

STIMULUS

The s t im u l i  used to e l i c i t  BER's were t r a n s i e n t  aco u s t i c  c l i c k s .  The 
ou tpu t  of  each c l i c k  was generated by passing square wave p u l s e s ,  80 
microseconds in  d u r a t io n ,  each a t t en u a t ed  and ampli f ied  by a Nie 1007A 
Noise Masking Module and de l ive red  to TDH 39 earphones with MX/AR 41 
cush io ns .  An a l t e r n a t e  pulse  p o l a r i t y  was used to  reduce s t imulus  a r t i f a c t  
during response averag ing .  The spectrum earphone ou tpu t  was measured in  
a 6 cm13 couple r  with a condensor microphone (Bruel and Kjaer 4144) housed 
in an a r t i f i c i a l  e a r  (B&K 4152) and connected to a p re c i s io n  sound level  
meter (B&K 2209). Two major peaks of  energy concen t ra t ion  were measured 
a t  2500 and 6300 Hz which r e f l e c t  neural a c t i v i t y  p r im ar i ly  from the 
basal p o r t ion  (high frequency region)  of  the cochlea only.

INTENSITY

Four i n t e n s i t y  l e v e l s  of 70, 50, 30, and 20 dB normal hear ing level  
(nHL) were chosen and randomly presen ted  to  each ea r  of the 10 sub jec t s  
in the p r e s e n t  s tudy.  These i n t e n s i t i e s  were s u f f i c i e n t  to permit 
obse rva t ion  of  the la tency  s h i f t  of  the Wave V component as a func t ion  
of  i n t e n s i t y  change. A d d i t io n a l ly ,  th ree  p r e s e n t a t i o n  r a t e s  of  10.5,
33 .5 ,  and 80.5/second were counterba lanced .

TEMPORAL CONSIDERATION

An important  c o n s id e ra t io n  in the de te rm ina t ion  of  behavioral 
th re s h o ld s  a re  the temporal i n t e r g r a t i o n  c h a r a c t e r i s t i c s ,  both s t imulus 
d u ra t io n  and in t e r s t im u lu s  l a t e n cy .  In order  to  equate  th re sho ld  l e v e l s  
a t  each p re s e n ta t i o n  r a t e ,  behavioral  th re sho ld  l e v e l s  were determined 
using c l i c k  s t im u l i  i d e n t i c a l  to t h a t  used f o r  BER. To t h i s  po in t ,  
behav io ra l  th re sho lds  were measured using a modif ied method of  l i m i t s  
fo r  each s u b j e c t  a t  each p r e s en ta t io n  r a t e  account ing fo r  the change in 
sound energy due to  temporal i n t e r g r a t i o n  d i f f e r e n c e s .

PROCEDURES

Two gold Grass c l i p  e l e c t r o d es  were a t t a ch e d  to  each ear lobe 
(A], A?). One ea r lo be  e l e c t r o d e  was used as r e f e re n c e  and placed 
i p s i l a t e r a l  to  the s t im u la ted  e a r ;  the c o n t r a l a t e r a l  c l i p  e l e c t r o d e  was 
used as ground fo r  the remainder of  the t e s t i n g  procedure.  A s i l v e r -  
c h lo r id e  cup e l e c t r o d e  was a t t ached  to the v e r t e x  (Cz) as the a c t iv e  
e l e c t r o d e  f o r  each of  the su b je c t s  t e s t e d .  Each s u b j e c t  r e s t e d  on a 
r e c l i n i n g  c h a i r  in a double-wal led e l e c t r i c a l l y  sh ie lded  booth.
E lec t rode  r e s i s t a n c e  was measured and maintained a t  a level  l e s s  than 
3 K ohms throughout  the t e s t i n g  procedure.

The BER's were ampli f i ed  by a phys io lo g ica l  a m p l i f i e r  (Nie HGA-100)

- 24-



with a gain of 10^, routed through a band pass f i l t e r  s e t  a t  150-3000 Hz 
and fed to a c l i n i c a l  averager (Nicolet  CA-1000). A time base of 10 ms 
was employed and 2000 stimulus r e p e t i t i o n s  were used to obta in  each BER 
t rac ing .  All BER's were rep l ica ted  and p lo t ted  on a Hewlett-Packard 
7010 X-Y recorder for  permanent s torage.

RESULTS/DISCUSSION

The means and standard devia t ions fo r  Wave V la te n c ie s  a t  in t e n s i ty  
leve ls  of 70, 50, 30, and 20 dB nHL a t  three  p resen ta t ion  r a t e s ,  10.5,
33.5,  and 80.5 per second may be seen in Table 1. Three observations 
will  be discussed from t h i s  Table. F i r s t ,  and c o n s i s t e n t  with previous 
BER research ,  the Wave V latency function sys tem at ica l ly  increases as 
st imulus i n t e n s i ty  decreases .  This consequence i s  due pr imari ly  to a 
reduction in synchronous neural f i r i n g  associa ted  with stimulus a t t en u a 
t ion and, the re fo re ,  an increase  latency in synapt ic transmiss ion;  
second, a Wave V la tency  d i f fe rence  i s  seen between male and female 
su b jec ts ;  f i n a l l y ,  a r e l a t io n sh ip  appears to e x i s t  between presenta t ion  
ra te  and Wave V l a t e n c i e s ,  t h a t  i s ,  as c l i c k  st imulus r a t e  increases ,  
Wave V la tenc ie s  a lso  increase .

In order to t e s t  each measure, a three-way ana lys is  of var iance 
with repeated observations  for  Factor B, p resen ta t ion  r a t e ,  and Factor 
C, i n t e n s i t y  l e v e l ,  was conducted. S ig n i f i c a n t  Wave V overal l  mean 
latency d i f ferences  were computed between male/female sub jec ts  (F=9.08; 
df =18.1; p ^ O .O l) ,  i n t e n s i ty  leve ls  (F=308.42; df=54.3;  p < 0 .0 1 ) ,  and 
presenta t ion  r a t e s  (F=18.70; df=36.2; p^ .0 .01) .  Although the analys is  
of variance produced s i g n i f i c a n t  in t e r a c t i o n s ,  i t  could not be concluded 
t h a t  s i g n i f i c a n t  d i f fe rences  occurred between l a ten c ie s  fo r  individual 
p resen ta t ion  r a t e s .  Subsequent t  scores fo r  the th ree  presenta t ion  
ra tes  were computed. Although temporal in teg ra t io n  c h a r a c t e r i s t i c s  were

TABLE 1. The means and standard devia t ions for  BER Wave V l a t e n c y - in te n s i ty  
funct ion .  For males and females a t  p resen ta t ion  ra te s  of 80.5,
33.5,  and 10.5/second. Click stimulus presented monaurally.

WAVE V LATENCY 
FEMALE

I n t e n s i t y

X
S.D.

R a t e :  80.5 

70 50 30 20

R a t e :  33.5

70 50 30 20

5.91 6.15 7.12 7.77

.243 .366 .311 .435

R a t e :  10.5

70 50 30 20

5.66 6,20 7.14 7.72

.206 .263 .366 .524

5.95 6.68 7.46 8.0 

.297 .196 .271 .433

WAVE V LATENCY 
MALE

I n t e n s i t y

X
S.D.

R a t e :  80.5 

70 50 30 20

R a t e :  33.5

70 50 30 20

6.20 6,71 7.56 8.29

.262 .283 .374 .492

R a t e  : 10.5

70 50 30 20

6.12 6.52 7.44 7.99

.550 ,401 ,449 .377

6.55 7.10 7,72 8.29 

.414 .346 .229 .326
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Figure 2. Mean Wave V la t e n c y - in te n s i ty  function fo r  brainstem e l e c t r i c  
responses a t  presenta t ion  r a te s  of 1 0 .5 / s e c . ,  3 3 .3 / s e c . ,  and 
80.5/sec .  fo r  10 male (0) and 10 female (X) ears.
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compensated fo r  in respec t  to behavioral  th resholds ,  s i g n i f i c a n t  Wave 
V mean latency d if ferences  occurred for  each of the three presenta t ion  
ra tes  when compared to each o ther :  80.5/33.5 (t=4.35,  df=19, p < 0.001);  
80.5/10 .5  (t=4.125, df=19, p < 0 .0 0 1 ) ;  33.5/10.5 ( t=3.75,  df=19, p < 0 .0 1 ) .  
These d i f ferences  in Wave V latency are most l ikeTy due to rapid 
r e p e t i t i o n  r a t e  changes th a t  occurred within the temporal in teg ra t ion  
period.  While Wave V maintains i t s  s t a b i l i t y  and measurabi l i ty ,  increased 
p resen ta t ion  r a te s  decrease BER reso lu t ion  and may render BER un in te r 
p re tab le ,  p a r t i c u l a r ly  Waves I through Wave IV.

A graphic i l l u s t r a t i o n  comparing the s i g n i f i c a n t  Wave V latency 
d i f fe rences  between male and female subjects a t  each of the three 
p resen ta t ion  ra te s  may be seen in Figure 2. One f a c to r  responsible  fo r  
the la tency variance between males and females may be a t t r i b u te d  to the 
anatomical d i f ferences  associa ted  with the dis tance  between common 
synapt ic  junct ions  of the a f f e r e n t  auditory pathway (Stockard,  e t  a l . ,  
1978). In p a r t i c u l a r ,  the area between the innervat ion of the acoustic 
nerve in the cochlea and the i n f e r i o r  c o l l i c u l i  in the midbrain.  Evidence 
has shown cons is ten t ly  shor te r  interpeak la tenc ie s  in females between 
these two d esc r ip t ive  anatomical re fe rences ,  a t t r i b u t i n g  in p a r t ,  to 
la tency d i f ferences  described in th i s  study.

In conclusion,  the r e s u l t s  of our p resenta t ion  should accurate ly  
r e f l e c t  the importances of e l iminat ing po ten t ia l  v a r i a b i l i t y  in the 
measurement of BER's. Sex, i n t e n s i t y ,  and presenta t ion  r a te  a l l  play 
a s i g n i f i c a n t  ro le  in the i n t e r p re t a t i o n  of Wave V latency values.  
Consequently, before es tab l i sh in g  the l im i ts  of normalcy and thereby 
subsequent pathological  d iagnosis ,  non-pathological var iab les  such as 
those mentioned in the present  study must be well defined.  __________ _
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