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Abstract Objective: The objective of this study was to deter-
mine the fastest and the most effective auditory brain-
stem response (ABR) measurement protocol for audi-
ological diagnosis in babies up to three months of age.
Methods: Twenty-two newborns (aged 0 to 63 days) 
who passed the newborn screening test in at least one 
ear were evaluated in the study. The ABR were record-
ed with click stimulus using two different electrode 
montages (1st montage: ipsilateral mastoid, contralat-
eral mastoid, vertex. 2nd montage: nape of the neck, 
vertex, cheek). Latencies of waves I, III, V and dura-
tion of the test were recorded and analyzed.
Results: Wave V latencies from both electrode mon-
tages were statistically shortest at the level of 70 dB-
nHL and longest at the level of 20 dBnHL (p=0.00). 
When the duration of the test at three different inten-

sity levels were compared between the two electrode 
montages, only the test durations at 50 dBnHL were 
significantly different (p=0.017). The test times at 70 
dBnHL in the first montage were observed to be sig-
nificantly different in babies aged 1 to 30 days and 
aged 31 to 63 days (p=0.005).
Conclusion: In protocols to evaluate the hearing of 
pediatric groups, it is very important to complete the 
ABR, which has significant value in early diagnosis, 
in a short time and reliably. It is concluded that in 
terms of practicality, the second montage is more ad-
vantageous and comfortable for both audiologists and 
newborns in single channel ABR systems.
Keywords: Hearing loss, newborn hearing screening, 
auditory brainstem response, electrode montage, click 
stimulus
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Introduction
Screening procedures are performed to detect 
a certain disorder in a target population before 
symptoms become evident (1, 2). In that regard, 
the aim of hearing screenings is to identify the 
children suspected of hearing loss and refer them 
to advanced differential diagnosis tests as neces-
sary (1-3). It is imperative that all babies undergo 
hearing screening in their first month of life; and 
diagnostic evaluation should be performed in the 
first three months in all babies that fail the initial 
screening regardless of whether or not they have 
any risk. Further, the babies diagnosed with a hear-
ing problem must be provided with the necessary 
amplification and educational support in their first 
three to six months of life. The success of screening 
depends on the early diagnosis of the hearing loss 
and on performing the tests in a swift manner (4).

To diagnose hearing loss in babies under the age 
of one year, otoacoustic emission (OAE) and au-
ditory brainstem response (ABR) tests, which 
are the objective tests based on physiological re-
sponse, must be included in the test battery (5, 6). 
Since the devices used in ABR tests for scanning 
purposes can test only at 35 dBnHL, diagnostic 
devices should be able to perform tests at higher 
dBnHL levels (3).

Audio-stimulated potentials (ASP) are the elec-
trophysiological responses stemming from audio 
or electrical stimuli and auditory nerves, brain-
stem, or neural activities at the cortical level. 
Electrophysiological responses are recorded with 
the electrodes placed on the skull (7). It is report-
ed in the literature that the highest amplitude 
waves in the ABR test are obtained by placing 
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the electrodes on the vertex, the forehead and the nape (8). 
To minimize patient-related artefacts that might occur during 
the ABR test, the babies need to be in their natural sleep for 
at least 45 minutes. Therefore, it is crucial to perform the test 
when babies are in their natural sleep and in a single session to 
save time (8). Considering all these factors, it can be said that 
in order to ensure early diagnosis, the devices to be used must 
be compatible and equipped with different test modules (e.g., 
OAE and ABR), so that the tests can be performed swiftly 
and the diagnosis of a potential hearing loss can be made in 
due time (9, 10).

The objective of this study was to compare ABR waves in two 
different electrode montages by using a click stimulus, to deter-
mine if a more reliable ABR recording at a stimulus intensity 
close to the newborns’ hearing threshold is possible, and to in-
vestigate which electrode array must be used for a more reliable 
and faster newborn hearing screening. The study aimed to de-
termine the fastest and the most effective auditory brainstem 
response measurement protocol in audiological diagnosis in ba-
bies up to three months of age.

Methods

Participants
The sample of the study comprised of newborns who were ad-
mitted to the Audiology Clinic from January 2015 through 
March 2019 and had passed the newborn hearing screening 
(NHS). Newborns were randomly selected from among the pa-
tients in the Audiology Clinic. The approval for the research was 
obtained from the Ethics Committee of Hacettepe University 
on March 18, 2015 (Approval number: GO 15/215-33) This 
study was carried out in compliance with the principles of the 
Helsinki Declaration. An informed consent form was obtained 
from the newborns’ parents.

Patient evaluation forms including the demographic data of 
the newborns (age, sex, prenatal, perinatal, and postnatal his-
tory, and NHS scores) were filled-out by the parents. Twen-
ty-two newborns (14 girls and eight boys) with a chronological 
age ranging from 0 to 63 days who had passed the NHS in at 
least one ear were examined in the study. Four of the examined 
newborns were followed for unilateral hearing loss and only 
the healthy ear that passed the NHS was evaluated in the study 
(Table 1).

Inclusion Criteria
Inclusion criteria of the study were as follows:
·	 a chronological age ranging from 0 to 63 days
·	 absence of a diagnosed syndrome that could lead to hearing 

loss
·	 absence of diagnosed developmental and/or neurological 

problems
·	 having passed (at least in one ear) the automatic ABR test 

performed within the scope of NHS
·	 normal otoscopic examination
·	 bilateral Type A tympanogram

Exclusion Criteria
Exclusion criteria of the study were:
·	 presence of any diagnosed developmental and/or neurologi-

cal problem
·	 presence of any diagnosed syndrome that could lead to hear-

ing loss
·	 presence of any active middle ear pathology

Auditory Brainstem Response (ABR)
The ABR device used in the present study was VivosonicTM 
Integrity ABR System (Toronto, ON, Canada), which is a sin-
gle-channel device that utilizes bluetooth. For each newborn, 
five self-adhesive disposable electrodes and two foam probe tips 
in sizes suiting the ear-canal diameter were used. After the area 
where the electrodes would be placed was cleaned with cleansing 
gel to reduce electrical artefacts, the electrodes were placed before 
the newborn fell asleep. Following this procedure, the newborn 
was placed in a comfortable swing to help her/him sleep.

The measurements were performed using two different elec-
trode montages (Figure 1). In the first montage, the negative 
electrode was placed on the ipsilateral mastoid, the ground elec-
trode on the contralateral mastoid and the positive electrode on 
the vertex. In the second montage, the negative electrode was 
placed on the nape of the neck, the ground electrode on the 
cheek and the positive electrode on the vertex. Following the 
electrode placement, impedance values of all electrodes were 
checked. It was ensured that the impedance of each electrode 
was lower than 5kW for the impedance measurement. The test 
time for each trace was determined using the same stopwatch in 
both montages. The electrode montage was selected randomly 
for each newborn.

The filter bandwidth used for recording was determined as 100-
3000 Hz. For the ABR measurement, a click stimulus was used 
and the recording was made at 70 dBnHL, 50 dBnHL and 20 
dBnHL intensities, respectively. Ipsilateral recording was em-
ployed by taking two traces for each intensity. The repetition rate 
per second was determined as 27.5 msec for both stimuli, and 
the recordings were made with a total stimulus repetition rate of 
2,000 in rarefaction polarity. The response window was adjusted 
to be 0-20 msec. The traces that could not be analyzed reliably 
because of stimulus artefacts were not included in the study. The 
recordings were analyzed by experienced audiologists, and la-
tencies for waves I, III and V, as well as test times were recorded. 

Main Points
•	 In the single channel ABR systems, nape of the neck-vertex-

cheek electrode montages are more advantageous and comfort-
able than mastoid-mastoid-vertex electrode montages for both 
audiologists and newborns.  

•	 For single channel ABR systems, different montage types had 
no effect on peak latencies. 

•	 ABR peak latencies decrease with the lower intensity level re-
gardless of the montage type. 
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All measurements were carried out during sleep, and in cases 
when the newborn woke up, both the test and the stopwatch 
were paused until they fell asleep again.

Statistical Analysis
Statistical analysis was performed using IBM Statistical Package 
for the Statistical Package for the Social Sciences, PASW Statis-

tics for Windows version 18.0 (SPSS Inc.; Chicago, IL, USA). 
In descriptive analyses, mean and standard deviation were used 
for numeric variables, while frequency distribution was used for 
ordinal variables. Because the number of subjects were less than 
30 and that they did not show a normal distribution, the obtained 
data were evaluated using the non-parametric Mann-Whitney U 
test. Statistical significance level was accepted as p<0.05.

Figure 1. Electrode placement for ABR (a) 1st electrode montages (b) 2nd electrode montages

a b

Table 1. General characteristics of newborns

		  Chronological age			   Evaluated ear 
No	 Gender	 (days)	 Right ear NHS	 Left ear NHS	 (ABR)
1	 Girl	 28	 Pass	 Pass	 Bilateral
2	 Girl	 30	 Pass	 Pass	 Bilateral
3	 Girl	 24	 Refer	 Pass	 Left
4	 Boy	 20	 Pass	 Pass	 Bilateral
5	 Boy	 8	 Pass	 Pass	 Bilateral
6	 Boy	 60	 Pass	 Pass	 Bilateral
7	 Girl	 28	 Pass	 Pass	 Bilateral
8	 Boy	 55	 Pass	 Pass	 Bilateral
9	 Boy	 52	 Pass	 Pass	 Bilateral
10	 Girl	 47	 Refer	 Pass	 Left
11	 Girl	 63	 Pass	 Refer	 Right
12	 Girl	 55	 Pass	 Refer	 Right
13	 Girl	 49	 Pass	 Pass	 Bilateral
14	 Girl	 59	 Pass	 Pass	 Bilateral
15	 Girl	 14	 Pass	 Pass	 Bilateral
16	 Boy	 22	 Pass	 Pass	 Bilateral
17	 Boy	 8	 Pass	 Pass	 Bilateral
18	 Boy	 26	 Pass	 Pass	 Bilateral
19	 Girl	 54	 Pass	 Pass	 Bilateral
20	 Boy	 54	 Pass	 Pass	 Bilateral
21	 Girl	 45	 Pass	 Pass	 Bilateral
22	 Girl	 63	 Pass	 Pass	 Bilateral
NHS: newborn hearing screening; ABR: auditory brainstem response
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Results

Descriptive Statistics
The sample of the study consisted of 22 babies (14 girls and 
eight boys) 10 of which were younger than 30 days and the other 
12 were older than 30 days. In total, 40 ears (20 left and 20 right 
ears) were examined in the study.

For each baby, the ABR test was performed using two different 
electrode montages as described in the methods section. Wave V 
latencies of ABR at 70 dBnHL, 50 dBnHL and 20 dBnHL, and 
the duration of recordings were compared for both montages.

Comparison of Wave Latencies
As it can be seen in Table 2, when the electrode montage was in 
its first state, wave V latency was 6.86 msec (±0.50), 7.34 msec 
(±0.43) and 8.44 msec (±0.66) at 70 dBnHL, 50 dBnHL and 
20 dBnHL, respectively. In the second state, wave V latency was 
6.84 msec (±0.53), 7.36 msec (±0.63) and 8.43 msec (±0.62) at 
70 dBnHL, 50 dBnHL and 20 dBnHL, respectively. It was seen 
that wave V latencies obtained from both electrode montages 
were the shortest at 70 dBnHL and the longest at 20 dBn-
HL. These differences were found to be statistically significant 
(p=0.00).

Statistical analyses showed that the recordings made at three 
intensities in two montages were not significantly different from 
each other in terms of their wave latencies (for 70dB p=0.966; 
for 50dB p=0.475; for 20dB p=0.341; p>0.05). Similarly, when 
the wave latencies of the babies aged 1 to 30 days and 31 to 
63-days were compared at the same intensity levels, it was seen 
that there was no statistically significant difference between the 
two groups (for 70dB p=0.180; for 50dB p=0.121; for 20dB 
p=0.198).

Comparison of Test Times
Table 3 shows the distribution of the times during which the 
waves recorded at the same intensity level in both montages 
were obtained. In the first montage type, the average recording 
times at 70 dBnHL, 50 dBnHL, and 20 dBnHL stimulation 
were 81.62 (±9.22), 88.41(±19.64) and 82.38 (±11.67) seconds, 
respectively. In the second type, the average recording times at 
70 dBnHL, 50 dBnHL, and 20 dBnHL stimulation were 85.89 
(±13.21), 85.04 (±10.18) and 82.38 (±11.67) seconds, respec-
tively. Statistical analysis comparing the recording times for the 
two montage types at three different intensities found that only 
the recording times at 50 dBnHL showed a statistically signifi-
cant difference (p=0.017). No statistically significant differences 
were observed in total test times and between the two electrode 

Table 2. Wave V latencies

		  1st electrode montages			   2nd electrode montages
Stimulation level	 N	 Mean±SD (msec)	 Min-Max (msec)	 N	 Mean±SD (msec)	 Min-Max (msec)
70 dBnHL	 39	 6.86±0.50	 6.10-8.44	 28	 6.84±0.53	 6.15-8.41
50 dBnHL	 39	 7.34±0.43	 6.46-8.13	 27	 7.36±0.63	 6.52-9.30
20 dBnHL	 40	 8.44±0.66	 7.14-9.95	 28	 8.43±0.63	 7.40-10.01
SD: standard deviation; Min: minimum; Max: maximum; msec: milliseconds; dBnHL: dB for normal hearing level

Table 3. Comparison of test times

		  1st electrode montages			   2nd electrode montages
Stimulation level	 N	 Mean±SD (msec)	 Min-Max (msec)	 N	 Mean±SD (msec)	 Min-Max (msec)
70 dBnHL	 40	 81.62±9.22	 52-98	 28	 85.89±13.21	 71-137
50 dBnHL	 39	 88.41±19.64	 51-175	 27	 85.04±10.18	 67-108
20 dBnHL	 39	 82.38±11.67	 61-112	 27	 82.38±11.67	 61-112
SD: standard deviation; Min: minimum; Max: maximum; msec: milliseconds; dBnHL: dB for normal hearing level

Table 4. Comparison of the duration of test recordings (babies aged 1 to 30 days and 31 to 63 days)

	 Stimulation		  1st electrode montages			   2nd electrode montages
 	 level	 N	 Mean±SD (msec)	 Min-Max (msec)	 N	 Mean±SD (msec)	 Min-Max (msec)
1 to 30 days	 70dB	 19	 85.94±6.46	 77-98	 16	 89.81±15.35	 75-137
	 50dB	 19	 94.33±22.58	 77-175	 16	 85.63±8.30	 75-102
	 20dB	 18	 83.84±9.75	 66-105	 16	 83.82±7.12	 75-97
31 to 63 days	 70dB	 21	 77.90±9.73	 52-90	 12	 80.67±7.4	 71-91
	 50dB	 21	 83.33±15.51	 51-117	 11	 84.18±12.83	 67-108
	 20dB	 21	 81.05±13.26	 61-112	 11	 87.64±16.87	 68-119
SD: standard deviation; Min: minimum; Max: maximum; msec: milliseconds
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placements at other intensity levels (for 70dB p= 0.553; 20dB 
p=0.483).

When the test times at the same intensity levels in babies aged 
1 to 30 days and 31 to 63 days were compared for two montages 
(Table 4), there were statistically significant (p=0.005) differ-
ences between the test times recorded at 70 dBnHL. There were, 
however, no statistically significant differences between the oth-
er two intensity levels (for 50dB p=0.075; for 20dB p=0.399).

Discussion
The main result of our study is the comparability of the latencies 
found in two different electrode montages. In regard of our re-
sults, the use of the same montage in single channel ABR devic-
es can help to perform more useful testing in newborns.

As it is an objective method that does not require patient par-
ticipation, ABR testing is often used for assessing hearing in 
populations with cooperation problems. Accordingly, it is a very 
convenient test that shows the integrity of the auditory pathway 
and helps to estimate hearing thresholds. Many protocol manu-
als for hearing assessment in pediatric groups, ABR is addressed 
as a very important part of the test battery. The aim of this study 
was to assess whether or not two electrode montages are differ-
ent in terms of ABR test results, and to determine which elec-
trode montage is more advantageous.

Studies reported in the literature mention that latencies de-
crease with age and increase with decreased stimulus amplitude 
(1, 11). Consistent with the reports in the literature, in our study 
we observed that babies aged 1 to 30 days had significantly pro-
longed wave V latencies compared to those aged 31 to 63 days. 
Moreover, latencies at 20 dBnHL were significantly prolonged 
compared to 70 dBnHL.

Previous studies have shown different electrode montage types 
and mentioned that different montages can change ABR wave 
form morphology. Vertical montage came forth in past decade 
and was frequently used. Vertical montage is different than stan-
dard ipsilateral montage, particularly in terms of the negative 
electrode that is attached to the non-cephalic back of the neck. 
In classic ipsilateral ABR, electrodes are attached to both the 
mastoids and the forehead, and click stimulus is used. ABR 
studies using click stimulus mention that electrodes attached 
to the back of the neck, the forehead and the vertex (vertical 
montage) can provide artefact-free, large amplitude ABR waves 
(69% larger compared to standard mastoid montage) (12-14). 
In our study, no effect of electrode montage on wave V latencies 
were observed at any stimulus intensity. Likewise, this effect was 
also not observed when recordings were compared between the 
1 to 30-day-old and the 31 to 63-day-old groups.

One of the aims of our study was to investigate the possible 
effects of different electrode montages on test time—to our 
knowledge, no previous study has investigated this aspect. Com-
parison of test times at different intensity levels found that the 
first montage required longer test times at 50 dBnHL stimulus 

intensity. In the light of this finding, the second montage can be 
suggested for a shorter test time in tests at the medium intensity 
level (50 dBnHL). When, however, test times were compared 
based on age at 70 dBnHL intensity level, the test times of the 
first montage were significantly shorter in the 31 to 63-day-old 
group than the 1 to 30-day-old group. The effect of the mon-
tage type on the test time is an important information when 
completing the test reliably within a short time is of the essence. 
Further studies are needed to systematically test this effect.

In our study, we saw that babies had different sleeping times—
something that can negatively affect the test or hinder its opti-
mal completion. Arrangements (using dim light, using a swing, 
etc.) were made before the test to eliminate environmental im-
pact. Nevertheless, there was loss of data because babies did not 
sleep throughout the test. Not all tests of all newborns could be 
completed. This is an important drawback of the study. Another 
main limitation of our study could be the absence of the ampli-
tudes of each wave compared.

In single channel ABR devices the place of the reference elec-
trodes has to be changed for each ear. This can wake the baby 
up during the test. This study has shown that electrode mon-
tage does not lead to differences in wave latencies and total test 
times. Placing the electrodes so as not to disturb the baby is very 
important in terms of practicality. Completing the ABR, which 
is of great significance for early diagnosis, reliably in a short time 
is very important. Investigation of this issue can conclude that, 
in terms of practicality, using the second montage which is done 
once without requiring the electrodes to be re-placed is both ad-
vantageous for the audiologist and comfortable for the newborn.

To summarize, in line with general knowledge; ABR peak la-
tencies decrease regardless of the montage type. In fact, different 
montage types had no effect on peak latencies. An effect of the 
montage type was observed on test time at medium intensity 
level (50 dBnHL), where the test time for the second montage 
was shorter, but no difference was observed at the other inten-
sity levels. When the two groups of babies were compared in 
terms of the effect of the montage type on the test time, the 
first montage type was significantly shorter in 31 to 63-day-old 
babies compared to 1 to 30-day-olds. Further studies are need-
ed to systematically investigate the effects of montage types on 
test time. Keeping in mind  that our findings are from normal 
hearing babies, another suggestion may be to conduct similar 
comparisons on babies with hearing loss at different degrees for 
exploring whether or not similar effects do exist. 
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