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Summary

Background: Chronic suppurative otitis media (CSOM) in early childhood can lead to auditory processing disorders in later life even though
the hearing sensitivity has returned to normal. There is a dearth of studies in the literature that have evaluated the auditory processing in
children with later onset of CSOM.

Material and methods: Auditory processing was measured in terms of frequency discrimination (difference limen frequency, DLF), intensity
discrimination (difference limen intensity, DLI), and gap detection threshold (GDT) in 15 children with CSOM of mean age 13 years as well
as in 15 normal hearing children of comparable age.

Results: An independent t-test was used to gauge the significance between the groups for all three parameters. There was a statistically sig-
nificant difference (p < 0.05) for all three.

Conclusion: The results confirm that conductive hearing loss impairs the auditory processing abilities of children with CSOM, even in those
aged 9 to 15 years. These findings highlight the importance of early intervention in cases of CSOM.

Key words: Auditory processing « chronic suppurative otitis media « frequency discrimination « intensity discrimination « gap detection

PROCESAMIENTO AUDITIVO EN NINOS CON OTITIS MEDIA
SUPURATIVA CRONICA

Resumen

Antecedentes: la otitis media supurativa cronica (CSOM, por sus siglas en inglés) en la temprana infancia puede llevar a trastornos del pro-
cesamiento auditivo en la vida posterior, aunque la sensibilidad auditiva haya vuelto a la normalidad. Hay una escasez de estudios en la lite-
ratura que hayan evaluado el procesamiento auditivo en nifios con un inicio tardio de CSOM.

Material y métodos: el procesamiento auditivo se midié en términos de discriminacion de frecuencia (diferenciacion del umbral de frecuen-
cias, DLF), discriminacion de intensidad (diferencia del umbral de intensidad, DLI) y umbral de deteccion de brecha (GDT) en 15 nifios con
CSOM de edad promedio de 13 afos asi como, también. en 15 nifios con audicién normal de edad comparable.

Resultados: se uso t-test para variables independiente para medir el grado de significacion entre los grupos para las tres variables. Hubo una
diferencia estadisticamente significativa (p <0.05) para los tres.

Conclusion: los resultados confirman que la pérdida conductiva de audicion afecta la capacidad de procesamiento auditivo de los nifos con
CSOM, incluso para los nifios de 9 a 15 afos. Estos hallazgos resaltan la importancia de la intervencién temprana en casos de CSOM.

Palabras clave: procesamiento auditivo « otitis media supurativa crénica « discriminacién de frecuencia « discriminacion de intensidad
deteccién de brechas.

OBPABOTKA CTYXOBOV UH®OPMAIIVN Y TETEN C XPOHUYECKUM
THOVIHBIM CPETHUM OTUTOM

AHHOTaIMA

Bcrynmenne: xpoHudecknii THoiiHbI cpenumit otut (CSOM) B paHHeM BO3pacTe MOXKeT IPUBECTM K HapyILIeHUAM 0O6pabOTKM Cry-
X0BOIT MH(OPMALMKB Ja/TbHEIIeN >KU3HM, JaKe eC/IU BOCIIPHUATIE 3ByKa BEPHY/IOCh B HOPMa/IbHOE COCTOsIHME. B mreparype HeT
VICCTIe{OBAaHNII, KOTOpPbIe ObI OlleHNBamM 06paboTKy CIyXoBoit MHGOPMALMK IeTbMH, Y KOTOPBIX Ho3aHee pasBuicsa CSOM.

Marepuans u MeToabr: O6paboTka cryxoBoit nHpopManyu 6p1a U3MepeHa MeTofaMu onpenenenns nuddepeHIaITbHbIX ITIOPOTOB
pasnmnyenus gacrorsl (difference limen frequency, DLF) n unrencussoctu (difference limen intensity, DLI) u npu nomouu recra 06-
Hapy>keHus may3sl (gap detection threshold, GDT) y 15 feTeit ¢ XpOHMYECKMM THOMHBIM BOCIIA/IEHMEM CPEfIHEro yxa B Bo3pacre 13
JIeT, a TaKKe y 15 meTelt ¢ HOPMaIbHBIM CIyXOM B TAKOM )K€ BO3pacTe.

PesynbraThl: [/ OLIEHKM 3HAYMMOCTY PA3IM4Ms MEX/Y IPYIIIAMU /ISl BCeX TPeX IapaMeTpoB ObUI UCIIONb30BaH He3aBUCUMBII
t-kpurepuit CTpiofieHTa. Bo3HNMKIa cTaTMCTHMYeCKN 3HaUMMas pasHuna (p<0,05) /1 BceX TpeX HapaMeTpoB.
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BoiBoppl: Pe3ynbTaThl MOATBEPXKAAIOT, YTO KOHYKTYBHAA TYTOYXOCTb HETaTMBHO BIMAET Ha CHOCOOHOCTb 06pabOTKY 3BYKOBOII MH-
dopmanyum y mereit ¢ XpOHMYIECKMM THOVHBIM BOCIIa/IEHNEM CPEJHETO yXa, lake Y eTeil B Bo3pacTe oT 9 7o 15 yieT. DT pe3ynbTaThl
YKa3bIBAIOT HA BAXKHOCTb PAaHHETO JIeYeHMs B Cy4asgX XPOHMYECKOTO FHOMHOrO BOCIAJIeHMsl CPeJTHEro yxa.

KmoueBble cmoBa: 06paboTKa 3ByKa « XpOHMYECKOE THOITHOE BOCIIa/IeHNe CPETHETO yXa o pas/IMueHNe YacTOThI » Pa3MdyeHye HTeH-
CUBHOCTU » OOHAapy>KeHMe Iay3bl.

PRZETWARZANIE SEUCHOWE U DZIECI Z PRZEWLEKEYM ROPNYM ZAPALENIEM
UCHA SRODKOWEGO

Streszczenie

Wstep: Przewlekte ropne zapalenie ucha $rodkowego (CSOM) we wczesnym dziecifistwie moze prowadzi¢ do zaburzen przetwarzania stu-
chowego w pozniejszym zyciu, nawet jesli wrazliwo$¢ stuchowa wrdcila do normy. W literaturze brak jest badan oceniajacych przetwarzanie
stuchowe u dzieci, u ktérych pdzniej wystapito CSOM.

Material i metody: Przetwarzanie stuchowe mierzono w zakresie dyskryminacji czgstotliwosciowej (difference limen frequency, DLF), dys-
kryminacji intensywnoéci (difference limen intensity, DLI) i progu wykrywania przerwy (gap detection threshold, GDT) u 15 dzieci z CSOM
w $rednim wieku 13 lat, oraz u 15 dzieci z prawidtowym stuchem w poré6wnywalnym wieku.

Wyniki: Do oszacowania istotnosci réznicy miedzy grupami dla wszystkich trzech parametréow uzyto niezaleznego testu t-Studenta. Wysta-
pifa statystycznie istotna réznica (p <0,05) dla wszystkich trzech parametréw.

Whioski: Wyniki potwierdzajg, ze niedostuch przewodzeniowy negatywnie wplywa na zdolnosci przetwarzania stuchowego u dzieci z CSOM,
nawet u 0s6b w wieku od 9 do 15 lat. Wyniki te wskazuja na znaczenie wczesnej interwencji w przypadkach CSOM.

Stowa kluczowe: przetwarzanie stuchowe o przewlekle ropne zapalenia ucha srodkowego « dyskryminacja czestotliwosciowa o dyskrymina-

cja intensywnoéci, wykrywanie luk

Background

Chronic suppurative otitis media (CSOM) is a common
middle ear pathology occurring in childhood. This oc-
curs especially in the first two years of life and leads to
conductive hearing loss[1]. It can be unilateral or bilateral
and the degree of hearing loss can be up to 40 to 50 dB[2].
CSOM can alter the sound transmission to the middle ear.
These transmission changes can have detrimental effects
on children as this is the time when their auditory system
is maturing to process complex acoustic cues. This audito-
ry deprivation can degrade the decoding of sound signals
and impair perceptual skills[3]. There are animal studies
that have documented the structural changes of the in-
ner ear and nerves due to conductive hearing loss. Clark-
son et al.(2016) speculated that long-standing conductive
hearing loss can cause structural and molecular changes in
the auditory nerve and brainstem nuclei[4]. In their study
they used earplugs to induce a unilateral conductive hear-
ing loss in 10 adult rats. They observed a change in ab-
solute threshold in auditory brainstem responses before,
immediately after, and 10 days after the earplugs were re-
moved. Liberman et al.(2015) studied cochlear and neu-
ral processing by removing the tympanic membrane in
one set of mice and the olivocochlear bundle in another
set [5]and found a reduction in suprathreshold cochlear
nerve responses. They hypothesized that a deficit in au-
ditory processing seen in humans after persistent CSOM
could be of cochlear origin.

There are many studies in the literature suggesting that
long-standing CSOM may cause auditory processing dis-
orders in children even after their hearing sensitivity re-
turns to normal [6,7]. Most of these studies focused on
children with a history of CSOM in early life and were
based on parental reports of otitis media history. There is
a dearth of studies that have evaluated children with later
onset of CSOM and the effect of conductive hearing loss
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on auditory processing. The objectives of this study were
to study the auditory processing abilities of 15 children of
age 9 to 15 years (mean 13.4) with CSOM and compare
them to normal children of comparable age. The three pa-
rameters measured were:

1. Difference limen of frequency (DLF);
2. Difference limen of intensity (DLI); and
3. Gap detection threshold (GDT).

Materials and methods

This study was done with the approval of the JIPMER eth-
ics committee. Informed consent was taken from the par-
ticipants as well as from the parents prior to the study.

Participants

The participants were divided into two groups. Group
1consisted of 15 children aged 8 to 15 years (mean age
13.4 years) with CSOM. In those children 10 had CSOM
in one ear and 5 of them had CSOM bilaterally. In bilat-
eral cases one ear was considered for the study. The pure
tone average of the children in the CSOM group ranged
from 20 to 60 dB HL. Group 2 comprised 15 age-and gen-
der-matched normal hearing children. The normal hear-
ing participants had hearing thresholds less than 20 dB
from 250 Hz to 8000 Hz. Table 1 lists the details of the
participants.

Stimuli and procedure

Testing was done in a double-walled sound-treated room.
Detailed audiological evaluations were done for all par-
ticipants. The hearing threshold was estimated using an
Inventis (Piano) audiometer for frequencies 250 to 8000 Hz
for air conduction and 250 to 4000 Hz for bone conduc-
tion. The modified Hughson and Westlake procedure was
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Table 1. Details of the participants. CSOM = study group; NORM = control group

Age/ CSOM

Participants gender (ear) 250 500 1000 2000 4000 8000 250 500 1000 2000 4000 PTA
Rt/Lt/BL  AC AC AC AC AC AC BC BC BC BC BC
CSOM 1 15/M BL 40/35 50/45 40/45 40/35 50/35 30/15 5/5 0/10 15/1515/20 0/0 45/40
CSOM 2 15/F Lt 15/10 10/15 10/20 10/20 15/25 15/45 -5 -5 0 5 -5 11.25/20
CSOM 3 12/F BL 30/25 35/45 45/30 35/35 25/35 25/30 5/5 5/5 5/5 10/10 0/0 35/36.25
CSOM 4 13/F Rt 35/30 45/20 55/20 50/15 50/10 50/15 -5 -10  -10 5 0 50/16.25
CSOM 5 11/F BL 35/25 30/30 25/20 25/25 45/50 35/30 0/0 0/0 0/0 5/10 0/0 31.25/31.2525
CSOM 6 15/M Lt 10/45 15/55 15/60 15/55 15/55 35/50 -5/-5 -5/-5 -5/-56 0/0 -10-10 15/56.25
CSOM 7 15/M Lt 5/20 5/30 5/30 10/25 5/35 0/50 -10/-10-10/-5-10/5 5/-5 0/-10 6.25/30
CSOM 8 16/M BL 30/15 40/20 50/25 30/25 40/30 35/25 -5/-5 -5/-5 -5/-5 5/10 -5/0 40/25
CSOM 9 14/M Rt 15/10 20/10 20/20 20/20 35/20 30/30 -10 -5 -5 5 5 23.75/17.5
CSOM 10 14/M Rt 20/10 40/15 40/25 25/20 40/25 25/15 5/10 10/10 0/0 5/5 0/5 36.25/21.25
CSOM 11 15/M BL 20/25 25/30 25/30 35/10 45/30 25/35 5/5 5/5 0/0 10/10 0/0 32.5/25
CSOM 12 10/M Rt 40/5 50/10 55/15 55/10 45/15 40/5 0/0 0/5 0/5 5/15 0/0 51.25/12.25
CSOM 13 12/M Rt 10/10 20/15 25/15 40/15 70/10 50/15 -5/0 -5/0 0/0 5/10 0/0 38.75/13.75
CSOM 14 9/F Lt 10/30 20/55 25/60 20/35 20/55 10/55 -5/-5 0/0 5/5 5/5 0/10 21.25/51.25
CSOM 15 15/M Lt 15/10 10/10 15/20 15/35 35/40 15/20 -5/-5 0/0 0/0 5/10 10/5 18.75/26.25
NORM 1 11/F 10/5 10/10  5/5 5/10 10/10 5/10 0 5 5 5 0 7.5/8.75
NORM 2 10/F 5/5 5/10  10/5 10/5 5/10 5/5 0 0 5 5 0 7.5/7.5
NORM 3 11/F 10/10 10/15 10/10 10/5 10/15 10/5 5 10 10 5 5 10/11.25
NORM 4 12/M 0/5 10/10 10/5 5/10 15/10 10/10 0 10 5 5 0 10/8.75
NORM 5 12/M 10/5 5/5 10/10 10/5 10/10 10/15 5 5 10 5 5 8.75/7.5
NORM 6 10/F 15/10 10/10 5/10 10/10 10/15 5/5 5 10 5 10 -5 8.75/11.25
NORM 7 8/M 5/10 10/10 10/15 15/10 10/10 10/5 5 10 10 10 5 11.25/11.25
NORM 8 12/M 10/10 5/10 5/10  5/5 10/5 5/5 0 5 5 5 0 6.25/7.5
NORM 9 10/M 5/5 10/5 5/5 10/5 5/10 10/10 5 5 0 5 5 7.5/6.25
NORM 10 12/M 5/10  5/5 10/5 10/10 10/10 10/15 5 5 5 0 0 8.75/7.5
NORM 11 8/F 15/10 10/15 10/10 15/15 15/10 10/10 10 5 10 10 5 12.5/12.5
NORM 12 14/M 5/5 5/10 5/5 10/5 10/10 5/0 0 5 0 5 -5 7.5/7.5
NORM 13 10/M 10/10 15/10 10/15 10/10 5/5 10/15 5 10 10 5 10/10
NORM 14 11/F 10/15 10/10 5/10 5/5 10/10 5/10 0 10 5 5 5 7.5/8.75
NORM 15 14/F 0/5 5/5 5/10 10/5 10/5 5/0 0 5 5 5 -5 7.5/6.25
CSOM mean 13.4
Norm mean 11

used to track thresholds [8]. Middle ear function was as-
sessed using a GSI Tympstar Pro middle ear analyser. Tym-
panometry and reflexometry were done for both groups.
A laptop with Psycon software (version 2.18) was used to
run the test [9]. Psycon is Windows-based software de-
signed for administrating psychoacoustic experiments.
Stimuli were generated by the Psycon software using an
AUX script. The paradigm employed a three interval adap-
tive forced choice procedure so that in each interval there
was a standard and variable stimulus. The variable stim-
uli were presented randomly and the subject’s task was to
identify them. The software included two programs (psy-
con.exe and psycon_response.exe). In the first, the exper-
imenter presents the stimulus as per the AUX code, and

the second program allows the subject to respond. Dur-
ing the session, the progress of the test could be visual-
ized on a monitor. The stimulus was delivered monoau-
rally at 30 dB sensational level re the participants’ hearing
threshold via Sennheiser HD 202 headphones.

After preliminary evaluations, those who fulfilled the in-
clusion criteria were included in the study. The study in-
cluded administration of DLF, DLI, and GDT test.

DLF test: The difference limen frequency (DLF) was meas-
ured at a frequency of 500 Hz usinga 500 ms stimulus. A
three interval alternative forced choice method with a 2-up
1-down procedure was used to estimate the DLE. Two out
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of three blocks on each trial contained the standard fre-
quency and one block contained the variable frequency.
The initial value of the variable frequency was close to the
target frequency and the value was changed based on the
subject’s response. The variable frequency was presented
randomly at each interval. The subject’s task was to iden-
tify the box which was different in pitch. The last 4 rever-
sals out of 8 were considered the threshold.

The AUX script for the standard interval: ramp (500, 500),
10) @-20.The AUX script for the oddball interval: ramp
(500 + V, 500), 10) @-20.V denotes the amount of varia-
tion between the trials during the experiment.

DLI test: The DLI was measured at a frequency of1000 Hz.
The duration of the tone was kept at 500 ms. In this pro-
cedure, there were three blocks and one block contained
a tone which was louder than the other two blocks. The
subject’s task was to identify the block which was louder.
The last 4 reversals out of 8 were considered the threshold.

The AUX script for the standard interval: ramp (1000,
500), 10) @-20.The AUX script for the oddball interval:
ramp (1000, 500 + V), 10) @-20.

GDT test: The stimulus consisted of Gaussian noise of
750 ms duration and had a 0.5 ms cosine ramp at both on-
set and offset. This paradigm employed a three alternative
forced choice method. In this test there were three blocks
of white noise in each trial and in one of the blocks there
was a silence of variable duration. The subject’s task was
to identify the block which had the silence. The length of
the gap was varied depending on the subject’s response.
The minimum gap detected by the subject was consid-
ered the threshold.

Results

Statistical analysis was done using SPSS (version 22). The
mean DLF at 500 Hz for the normal hearing children was
15.83 Hz and the CSOM group was 28.43 Hz. The mean
DLI at 1000 Hz was 2.48 dB for the normal hearing chil-
dren and 8.16 dB for the CSOM group. The mean GDT
for the normal hearing children was 3.00 ms and that of
CSOM group was 5.75 ms. In all cases, the mean values of
the CSOM group were higher than for the normal hearing
children. An independent ¢-test was then used to test the
means between the groups. There was a statistically signif-
icant difference (p<0.05) for DLE, DLI, and GDT between
the groups. The results are shown in Table2.

Table 2. Mean and S.D. of difference limen frequency
(DLF), difference limen intensity (DLI), and gap detection
threshold (GDT) and the results of independent t-tests

Discussion

There are numerous studies that have demonstrated the
effect of CSOM on auditory processing. However, most
of the studies have recruited the subjects retrospective-
ly. In our prospective study, we recruited children with
CSOM and age- and gender-matched children served as
controls. All of them underwent audiological evaluation.
The degree of conductive hearing loss ranged from 20 to
60 dB HL. We evaluated the auditory processing ability of
the children with CSOM in terms of frequency discrimi-
nation, intensity discrimination, and gap detection thresh-
old. These measures are important in the coding of rapid-
ly varying acoustic signals such as speech.

The overall performance of the children with CSOM was
poorer compared to the normal hearing participants for
all tests. We used GDT for measuring the temporal res-
olution ability, and the mean difference of the GDT be-
tween the groups was 2.75 ms, and was statistically signif-
icant (p < 0.005). This finding is in agreement with other
studies that used the GIN test for temporal resolution and
found higher values in children with CSOM[10,11].Tem-
poral resolution ability is necessary to recognize specif-
ic features of speech and for understanding speech in ad-
verse listening conditions [12,13]. A conductive hearing
loss can delay signals reaching the cochlea as well as de-
grade acoustic signals. This will impair the phase-lock-
ing ability of auditory neurons. Together, these factors can
contribute to the higher gap detection threshold in chil-
dren with CSOM.

In the frequency and intensity discrimination tests, scores
were also higher for children with CSOM. The mean dif-
ferences between the groups were 12.6 Hz for DLF and
5.68 dB for DLI and these differences were statistical-
ly significant (p < 0.005). The maximum difference was
observed for the frequency discrimination task. Similar
findings have been reported in children with a past his-
tory of CSOM [14, 15].The frequency and intensity dis-
crimination tasks require the auditory system, especially
the basilar membrane, to resolve the frequency compo-
nents. The poorer performance in this task can be attrib-
uted to changes in the frequency tuning of the cochlea
caused by changes in the sound transmission character-
istics of the middle ear.

Conclusion

The present study evaluated the auditory processing of
15 children aged 9 to 15 years with CSOM. The perfor-
mance of the children with CSOM was lower compared
to the normal hearing children in all the auditory process-
ing tasks tested. The results show that children’s auditory
processing abilities can be affected by CSOM. Hence the
study emphasizes the importance of early intervention in

Normal Otitis media children with CSOM.
Parameter (n= 15) (n=15) p-value
DLF (in Hz) 15.83+0.98  28.43+1238 0.005* Acknowledgments:
DI (in dB) 24809 8.16£5.48 0.005 We would like to thank all participants for taking part
GDT (in ms) 3.0£0.79 5.75%1.5 0.001* in the study.

*significant (p<0.05)
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