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Objective: the aim of the study was to analyze the retrocochlear function of full-term children born
small for gestational age (SGA) compared to children of the same age range born appropriate for
gestational age (AGA).

Methods: cross-sectional comparative and analytical study in a sample of 36 children born full-term
term, aged between 5 and 9 years old, of both sexes, divided into two groups: case group (SGA: n = 24)
and control group (AGA: n = 12). The study analyzed pure-tone auditory thresholds, contralateral
acoustic reflexes and brainstem auditory evoked potentials (BAEP) (absolute latency of waves |, Il and
Vand I-IlI, 111V and IV interpeak intervals). We analyzed the acquired data comparing the SGA and AGA
groups, using Student’s t test for quantitative variables and Pearson’s chi-square test for categorical
variables and setting the level of significance at p <0.05.

Results: although the hearing threshold was normal in both groups, we found statistical significant

differences between the groups in the acoustic reflexes at a frequency of 2 kHz in the left ear (p = 0.032)

Key words: and, in the BAEP, in wave Ill in the right ear (p = 0.033) and left ear (p = 0.021) and in the I-Il interpeak
 Central Auditory interval (p = 0.005) in the right ear.

Diseases Conclusion: children born full-term and small for gestational age may exhibit retrocochlear dysfunction
o Full- ; despite having normal peripheral hearing thresholds. Therefore, children born SGA should be
Full-term birth X A A ; ' : oo
considered at potential risk for alterations in the integrity of the auditory pathways, and periodic
audiological follow-up is recommended, particularly during school age (5 to 9 years), in order to identify
possible late-onset manifestations.

Abstract

® Hearing
* Small for gestational
age

Estudio comparativo de la funcion retrococlear en niiios de 5 a 9 afios nacidos
a término: pequeiios versus adecuados para la edad gestacional

Objetivo: el presente manuscrito tiene como objetivo analizar la funcion retrococlear en nifios nacidos
a término pequefos para la edad gestacional (PEG) y compararlos con nifios de la misma edad con un
tamano adecuado para la edad gestacional (AEG).

Método: estudio de corte transversal, comparativo y analitico, con 36 participantes, nacidos a término,
con edades entre 5y 9 afios, de ambos sexos, divididos en dos grupos: un grupo formado por nifios
pequefios para la edad gestacional (PEG: n = 24) y un grupo control compuesto por nifios adecuados
para la edad gestacional (AEG: n = 12). Se evaluaron los umbrales tonales auditivos, reflejos acusticos
contralaterales y los potenciales evocados auditivos del tronco (PEATC), considerando las latencias
absolutas de las ondas (I, 11y V) y los intervalos interpicos (I-Ill, 1V y I-V). Los datos obtenidos fueron
analizados mediante comparacion entre PEG y AEG utilizando la prueba t de Student para variables
cuantitativas y la prueba chi-cuadrado de Pearson para variables categéricas con un nivel de
significacion establecido de p <0,05.
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INTRODUCTION

The term small for gestational age (SGA) refers to
a newborn infant whose birth weight is below the
10th percentile for infants of the same gestational
age, reflecting the correlation between weight and
gestational age. It remains a major global public
health concern due to the high incidence of SGA
worldwide.? A global prevalence of 9.7% has been
reported recently, with the highest frequency
found in South Asia (45%).2 In China, between
2014 and 2019, the overall prevalence of SGA was
12.5% among full-term infants, compared to 7.7%
in preterm infants.* The reported prevalence in
Brazil varies between 3.5% and 4.9%".

The etiology of intrauterine growth restriction is
multifactorial, including factors related to mater-
nal lifestyle (age, weight and height, parity, chronic
diseases, infections, nutritional status, and sub-
stance use), obstetric factors, placental insufficien-
cy (structural abnormalities and poor perfusion),
and various (epi)genetic alterations.®’

Although the damage occurs during the prenatal
period, this population may experience different
forms of functional impairment throughout their
lives, as demonstrated by studies reporting higher
risks of neonatal and infant mortality, noncommu-
nicable diseases, growth retardation, metabolic
syndrome and short stature in adulthood.® In
addition, in children born SGA, there have been re-
ports of a lower 1Q during development compared
to children born appropriate for gestational age
(AGA),° phonological disorders with syllable struc-
ture changes at ages 4 to 7 years'® and auditory
processing and selective attention deficits in
young adulthood.**

Rev Pediatr Aten Primaria. 2025;27:351-60
ISSN:1139-7632 - www.pap.es

Resultados: los umbrales auditivos tonales fueron normales en ambos grupos. Sin embargo, se observé
una diferencia significativa en los reflejos acusticos a la frecuencia de 2 kHz, tanto en el oido derecho
(p=0,033) como en el oido izquierdo (p = 0,021).

Conclusiones: los nifios nacidos a término pequefios para la edad gestacional pueden presentar déficits
retrococleares a pesar de tener los umbrales auditivos tonales dentro de la normalidad. Por lo tanto, los
nifios PEG deben ser considerados con riesgo potencial de alteraciones en la integridad de las vias
auditivas, siendo recomendable un seguimiento audioldgico periddico, particularmente durante la
edad escolar (5 a 9 afos), a fin de identificar posibles manifestaciones tardias.

Auditory pathway function is also affected in this
population. Few studies investigating the impact
of SGA in children born full-term births on hearing
have found abnormalities in the conduction of au-
ditory information assessed by means of brain-
stem auditory evoked potentials (BAEP), suggest-
ing delayed neural maturation.™*** However, most

studies have been conducted in newborns,*>1315-22

12719 o1 3t most, chil-

infants aged up to 6 months
dren aged up to 3 years.*? These studies did not
establish whether these alterations persist for
long periods or even the entire lifespan, as sug-

gested by other neurodevelopmental studies.??

Given that previous studies were limited to the
neonatal period and based on a single evaluation
method, it is essential to extend the research to
older children to assess whether auditory pathway
abnormalities persist. In addition, assessment of
children at older ages allows for more thorough
and varied hearing tests.

Therefore, the aim of our study was to analyze
retrocochlear function in full-term children born
SGA at ages 5 to 9 years, comparing them with
full-term children of the same age born AGA.
Screening for possible hearing impairments in
school-aged children born SGA, especially during
literacy development—a critical period for audi-
tory, cognitive and social skills—is important for
detecting disorders that may affect overall com-
munication. These findings could guide speech-
language pathologists and other professionals in
planning appropriate interventions to reduce the
impact of impairments such as auditory process-
ing disorders.
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METHODS

Study design and ethical considerations

We conducted a cross-sectional observational and
analytical study at the Speech and Language Pa-
thology University Clinic of a public university in
Salvador, Bahia (Brazil) between 2019 an 2020. The
study was approved by the Ethics Committee of
the Hospital Maternidad Climério de Oliveira, Uni-
versidad Federal de Bahia (file code 2174110/2017).
We obtained signed informed consent from the
parents or legal guardians of all patients after pro-
viding them with detailed information regarding
the study procedures.

Study sample

We recruited participants from a cohort of children
born SGA followed up by a multidisciplinary care
team at the outpatient clinics for high-risk infants,
infants born SCA and breastfeeding support of
public hospitals in Salvador.

The sample comprised 36 children born to term
aged 5 to 9 years, divided in two groups: the case
group, consisting of children born SGA, and the
control group, consisting of children born ACA.
Gestational age was calculated based on the date
of the last menstruation, the first-trimester ultra-
sound or, when neither were available, the somat-
ic method of Capurro®® or the new Ballard score.?’
We defined AGA as a birth weight between the
10th and 90th percentiles, and SGA as birth
weight below the 10th percentile using the
INTERGROWTH-21st standards as reference. The
inclusion criteria were: (a) born to term, (b) classi-
fied as SGA or AGA, and (c) documentation of
transient otoacoustic emissions (TOAE) and type A
tympanograms?®in both ears. The exclusion crite-
ria were: (a) infectious risk (toxoplasmosis, rubel-
la, cytomegalovirus, herpes, syphilis), (b) bone
conduction and/or cochlear abnormalities, (c) en-
cephalopathies, (d) craniofacial malformations
and (e) genetic syndromes.

Procedures and hearing tests

Anthropometric and gestational age data were
collected from existing records, per the inclusion
criteria. The children underwent an audiological
evaluation following an interview with their par-
ents or guardians to obtain information on their
prenatal, perinatal and postnatal history as well as
their neuropsychomotor development. The evalu-
ation included examination of the external audi-
tory canals, pure-tone audiometry, speech audi-
ometry, contralateral acoustic reflex testing, and
brainstem auditory evoked potentials (BAEP), as
described below.

The ear canals were examined with an otoscope to
visualize the eardrum and rule out the presence of
foreign bodies or excess earwax. Pure-tone audi-
ometry (liminal test) was performed in a sound-
proof booth using an AD-229 clinical audiometer
(Interacoustics®) and TDH-39 supra-aural head-
phones (Telephonics®, New York, NY, USA). Air con-
duction thresholds were measured at 0.5, 1, 2 and
4 kHz. The results were interpreted according to
the World Health Organization classification
(2014), considering hearing thresholds in children
of 15 dB or less normal.

Tympanometry was performed with a 226 Hz
probe and an intensity of 85 dB SPL to ensure nor-
mal middle ear function. Contralateral acoustic
reflex thresholds were assessed independently for
each earat 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz.
The evaluation began at an intensity of 80 dB, in-
creasing progressively in 5 dB steps until responses
were evoked and confirmed. The acoustic reflex
threshold was defined as the lowest stimulus in-
tensity level (in dB HL) at which a reproducible de-
flection of the acoustic reflex (representing a min-
imum change of 0.02 mm in admittance) is
detected relative to the baseline in two consecu-
tive trials. Acoustic reflexes were evaluated using
the Interacoustics® AT 235 middle ear analyzer
with 226 Hz tympanometry.

Brainstem auditory evoked potentials were meas-
ured with Masbe ATC Plus Contronic® system (As-
sens, Denmark) in a quiet room with the child lying
down with the eyes closed. After preparing the
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skin with abrasive paste, electrodes were placed in
the frontal region (FpZ) and on the right and left
mastoids (M2 and M1), keeping the impedance be-
low 3 kQ. The acoustic stimulus consisted of con-
densation clicks delivered monaurally at 80 dB nHL
through in-ear headphones at a rate of 17.1 clicks
per second, with a duration of 0.1 milliseconds, for
a total of 2000 stimuli. The recording window was
12 ms, with a low-pass filter of 100 and a high-
pass filter of 3000 Hz. We analyzed the absolute
latencies of waves |, Ill, and V as well as the I-111,
11V, and |-V interpeak intervals.

Statistical analysis

We have summarized categorical data as propor-
tions and numerical data as mean and standard
deviation or median and interquartile range, de-
pending on their distribution. Normality was as-
sessed using symmetry and kurtosis tests and con-
firmed with the Kolmogorov-Smirnov test. We
compared quantitative variables in the SGA and
the AGA groups with the Student t-test (for nor-
mally distributed data), and categorical variables
using the Pearson chi-square test. We used the
Student t-test for paired measurements to make
intragroup comparisons between the right and left
ears. The statistical analyses were performed with
the software package SPSS, version 21 (IBM Corp,,
Armonk, NY, USA). The level of statistical signifi-
cance was set at p <0.05.

RESULTS

A total of 36 children born at term participated in
the study and were divided into two groups. The
SGA group consisted of 24 children (12 male and
12 female) and the control AGA control group 12
children (6 male and 6 female). Table 1 summariz-
es the data on birth weight, gestational age and
age at the time of the hearing evaluation.

Results of the audiological evaluation

Pure-tone and speech audiometry revealed normal
hearing thresholds in both groups. Contralateral
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acoustic reflexes were present in all participants.
There were no significant intragroup differences.
Table 2 presents the data on the intergroup com-
parison of acoustic reflex thresholds. We found a
statistically significant difference between the
groups at 2000 Hz in the left ear (p = 0.032).

The electrophysiological assessment by means of
BAEP included the analysis of the absolute laten-
cies of waves |, I, and V as well as the I-111, 1I-V, and
I-V interpeak intervals. There were no significant
intragroup differences between the left and right
ears. In the intergroup analysis, we found signifi-
cant differences in the absolute latency of wave Il|
in both ears (right ear: p=0.033; left ear: p=0.021)
and in the I-lll interpeak interval in the right ear (p
=0.005), as can be seen in Table 3.

DISCUSSION

Previous studies have shown that being born SGA
can affect the maturation of the auditory pathway,
particularly during the neonatal period and early
childhood. However, it is unclear whether these
alterations persist in later stages of childhood. In
our study, we assessed children born SGA at term
at ages 5 to 9 years for hearing impairment and
compared them with a control group of children
born AGA.

Pure-tone and speech audiometry indicated pre-
served hearing sensitivity. However, we found a
difference between the groups in the assessment
of the acoustic reflex pathway: the acoustic reflex
thresholds at 2 kHz in the left ear were significant-
ly higher in the SGA group compared to the AGA
group. In the analysis of BAEP, we found prolonga-
tion of the latencies in waves Ill and V and of the
I-V interpeak interval in the SGA group compared
to the AGA group.

The assessment of acoustic reflexes revealed in-
creased thresholds in the SGA group (although
only at 2 kHz). Since the results of tympanometry
were normal (type A tympanograms), otoacoustic
emissions were present and the audiometric
thresholds were normal, this finding could support
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Table 1. Clinical variables in the study groups

Variables SGA (n =24) AGA (n=12) Pvalue
Birth weight (g) 23905+ 2559 3266.0 £ 354.2 0.001"
Gestational age (days) 2740+7.5 278.0+8.6 0.18
Age at evaluation (years) 63+1.0 6.4+0.5 0.79

*Student t test, statistically significant difference: p <0.05.

AGA: appropriate for gestational age; SGA: small for gestational age.

Table 2. Comparison of contralateral acoustic reflex results in the two groups

Frequency Ear SGA AGA Pvalue
Mean *SD Mean +SD

500 Hz Right 100.6+10.9 95.8+17.0 0311
Left 102.5+84 97.0+14.0 0.154

1000 Hz Right 987115 941+159 0332
Left 1004 +9.0 97.0+14.8 0.400

2000 Hz Right 101.4+11.7 96.6+16.1 0.312
Left 103.9+99 954+123 0.032*

4000 Hz Right 107.2+1538 97.5+16.8 0.090
Left 105.6+14.2 975+13.7 0.111

*Student t test, statistically significant difference: p <0.05.

AGA: appropriate for gestational age; Hz: Hertz; SGA: small for gestational age.

the hypothesis of retrocochlear compromise
probably associated with a central auditory pro-
cessing disorder.

Acoustic reflexes are an established tool used to as-
sess the integrity of the auditory pathway in clini-
cal audiology. The reflex arc involves structures in
the brainstem—specifically, the cochlear nucleus

and the superior olivary complex—that transmit
signals through the efferent auditory system.?%3°
Physiologically, the efferent auditory system pro-
vides two types of feedback: one pathway regu-
lates cochlear amplification through the outer hair
cells and another modulates the excitability of the

cochlear nerve.3!

Table 3. Comparison of absolute latencies and interpeak intervals obtained using brainstem auditory evoked

potentials in the SGA and AGA groups

Latency Ear SGA AGA Pvalue
Mean = SD Mean = SD

| Right 141+0.10 140+0.14 0.833

Left 144+0.14 1.39+0.15 0.258

1l Right 3.62+0.15 348+0.19 0.033"

Left 3.62+0.14 3.50+0.14 0.021°

\Y Right 562+117 5.53+0.22 0.186

Left 5.65+0.19 5.53+0.20 0.090

=111 Right 220+0.10 2.08+0.12 0.005°

Left 217+0.12 2.13+0.09 0.360

-v Right 2.00+0.17 2.04+0.16 0.479

Left 2.02+0.19 2.01+0.15 0.904

[-V Right 421+0.17 413+0.15 0.181

Left 419+0.18 4.14+0.15 0.420

*Student t test, statistically significant difference: p <0.05.
AGA: appropriate for gestational age; SGA: small for gestational age.
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Efferent auditory system dysfunction—especially
at the level of the medial olivocochlear system—
can reduce cochlear inhibition and, consequently,
affect hearing skills, such as speech discrimination,
sound localization and noise tolerance. These im-
pairments may go undetected in conventional
hearing testing protocols.>?

In this context, acoustic reflex testing through fa-
cilitating stimuli has been studied as a means to
assess the medial olivocochlear reflex arc in indi-
viduals with auditory processing impairment,
since they tend to have altered acoustic reflex
thresholds that could be indicative of some com-
promise in the cochlear protection function, which
would hinder speech discrimination in environ-
ments with loud and competing noise.3*3*

Acoustic reflex abnormalities have been associated
with auditory processing disorders, especially in in-
dividuals with normal peripheral hearing. A study
conducted in 100 participants aged 7 to 18 years
showed that 97% had some form of auditory pro-
cessing disorder and, of these, 62% had abnormal
acoustic reflexes despite normal audiometry re-
sults.® Other studies support this relationship,
finding a close association between auditory pro-
cessing disorders and acoustic reflex abnormalities
in subjects with normal peripheral hearing 2¢3#

Previous research on the medial olivocochlear sys-
tem suggests that this reflex matures before the
pregnancy comes to term; however, preterm in-
fants or those with a history of intrauterine growth
restriction may present abnormalities due to dis-
rupted synaptogenesis or neural development.
In our review of the literature published to date,
we found no studies that specifically evaluated
acoustic reflex profiles in children born full-term
and SGA. However, the analysis of abnormalities in
acoustic reflexes could signal the need to establish
hearing assessment protocols that include audi-
tory processing and, in the event of abnormal find-
ings, enable prompt intervention.

In our study, the BAEP results revealed a difference
in the latency of wave Ill between the SGA and
AGA groups, with prolongation of wave Ill in both
ears in addition to a significant increase in the I-ll
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interpeak interval in the right ear in children born
SCA. Given that the maturation of the auditory
system is completed between 18 and 24 months
of age®® and progresses from the periphery to the
central nervous sys’[em,41 this pattern, observed in
children aged 5 to 9 years, could suggest a delay in
the maturation of the auditory nervous system.
The I-1ll interval is mainly associated with the de-
velopment of the lower portion of the brainstem,
while the I1I-V interval reflects the function of the
upper portion. In our study, interpeak intervals in
children born SGA showed similar trends to those
of their AGA peers, but with substantial intersub-
ject variation. The I1I-V/I-1ll ratio has been used in
previous studies to differentiate specific brainstem
impairments. In children born AGA, the lower
brainstem matures slightly faster than the upper
brainstem; in contrast, children born SGA showed
signs of unsynchronized maturation, possibly as a
result of [UGR.

Among the methods used in previous studies to
assess auditory nervous system maturation in full-
term neonates born SGA, BAEP has been the most
common. Early studies found prolongation of
waves lll and V latencies and the I-V interpeak in-
terval, which would indicate delayed transmission
in the brainstem.?%#? Contradictory findings have
since been reported: some studies found evidence
of shorter conduction times (for instance, a short-
er wave V latency), while others attributed the re-
duction in the |-V interval to incomplete cochlear
maturation as opposed to faster central conduc-
tion.> However, other studies have not found sig-
nificant differences between children born SGA
and ACA, suggesting that reported outcomes vary
depending on the methodology, age of assess-
ment and clinical context.*61819.21,

Wave Il originates in the cochlear nucleus, which
is also involved in the processing of the acoustic
reflex. The prolongation of the latency of wave IlI
and the increase in the acoustic reflex thresholds
observed in SGA children reinforce the hypothesis
of persistent dysfunction in this region even past
the typical maturation period.
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In the SGA group, increases in acoustic reflex
thresholds, delays in wave Ill and prolongation of
the I-lll interpeak interval in children aged 5 to 9
years with normal peripheral hearing suggest the
presence of subclinical hearing loss. This could in-
dicate a condition in which damage to the audi-
tory system is not sufficient to produce a threshold
shift or in which the auditory system partially re-
covers to restore original thresholds despite resid-
ual physical damage. The causes of retrocochlear
hearing loss in early childhood are not fully under-
stood yet.

These hearing deficits appear to be closely associ-
ated with intrauterine growth restriction (IUGR).
Adverse intrauterine conditions—whether due to
maternal nutritional deficiencies, placental insuf-
ficiency, or environmental exposures—can inter-
fere with synaptogenesis, myelination and glial
development, especially during the rapid brain
growth phase that begins in the second trimester
and continues until early childhood.***43 This
highlights the importance of long-term follow-up
of full-term infants born SGA. Even in the absence
of overt hearing loss, subtle retrocochlear deficits
could affect language development, communica-
tion and cognitive performance if not detected
early.

Chief among the limitations of this study is the
relatively small sample size, which may have lim-
ited the detection of more subtle differences
between groups. In addition, we were unable to
determine the specific etiological factors that led
to SGA status in participants with this history.
Among the strengths of this study are the applica-
tion of a standardized methodology and the strict
characterization of patients, recruited from a co-
hort of SGA children followed up by a multidiscipli-
nary team in outpatient clinics, which allowed for
the diagnosis of subclinical hearing impairments
(retrocochlear deficits) in this population.

Future studies should be conducted in larger sam-
ples and include longitudinal follow-up into ado-
lescence and adulthood to determine the etiology
of changes in the different anatomical structures
that contribute to the retrocochlear deficits ob-
served in children born SGA. Additional diagnostic
tests, such as neuroimaging studies or biochemi-
cal markers, could also help elucidate the mecha-
nisms linking SGA status in full-term children to
auditory pathway development outcomes.

CONCLUSION

Children born small for gestational age at term
may have retrocochlear dysfunction despite hav-
ing normal peripheral hearing thresholds. Conse-
quently, these children should be considered at risk
for auditory pathway integrity abnormalities, and
audiological follow-up at regular intervals is rec-
ommended, particularly during school age (5 to 9
years), to enable detection of potential late mani-
festations.
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ABBREVIATIONS

AGA: appropriate for gestational age ¢ BAEP: brainstem au-
ditory evoked potentials « [IUGR: intrauterine growth restric-
tion » TOAE: transient otoacoustic emissions ¢ SGA: small for
gestational age.
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