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Introduction

Neurological conditions, both fatal and nonfatal, are signifi-
cant contributors to the global burden of communicable and
noncommunicable diseases.1 Disability-adjusted life years
serve as an important metric for evaluating the global
burden of neurological conditions, and their prevalence
continues to rise worldwide.1 Neurological conditions im-
pact the central nervous system such as nerves, brain, and
spinal cord. Individuals with these conditions face various

sensory, motor, cognitive, and functional challenges, reduc-
ing overall quality of life.1

Cerebrovascular accidents (CVAs)/stroke involve a sud-
den, focal interruption or obstruction in the cerebral blood
flow, leading to neurological deficit. The most common type
is ischemic typically caused by embolism or thrombosis.2

Neurodegenerative disorders influence balance, motor con-
trol, speech, respiratory and heart functions, reading abilities
and cognition.2 Diseases such as Alzheimer’s disease (AD),
Parkinson’s disease (PD), Huntington’s disease, ataxia, and
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Abstract Objective This updated review aims to identify the effectiveness of dynamic neuro-
muscular stabilization (DNS) techniques in neurological conditions.
Method A literature search was carried out from 2013 to 2024 on PubMed, Google
Scholar, Research Gate, and Scopus databases. Following keywords were used to
identify the relevant articles such as dynamic neuromuscular stabilization, reflex-
mediated DNS, neurological conditions, DNS, cerebral palsy, stroke, Parkinson’s
disease, multiple sclerosis, neurodegenerative conditions, ataxia, Alzheimer’s disease,
and multiple sclerosis with Boolean operators. All the full-text, English-written articles
based on inclusion and exclusion criteria were included in the review irrespective of
their experiment study design, only the review article was excluded.
Results This updated review included 10 articles related to neurological conditions
including, stroke, multiple sclerosis, Alzheimer’s disease, Parkinson’s disease, and
cerebral palsy. The results show significant differences in various outcome measures of
the included studies.
Conclusion The findings suggest that DNS is an effective approach to use in the
rehabilitation protocol of neurologically impaired patients and is beneficial in improv-
ing their health outcomes and overall quality of life. This review concludes that more
evidence is required in this area of research with good quality research and long follow-
up periods.
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Introduction

In the last few decades, there has been an increased global
interest in the traditional systems of medicine. Ayurveda,
the traditional Indian medicine system, remains the most

ancient yet is a living tradition. Ayurveda has its unique way
to describe pathology and management of diseases. Since
there are epistemological differences between Ayurveda and
modern medicine, it is not feasible to precisely correlate
every Ayurvedic term with modern medical concepts.
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Abstract Diabetes-related metabolic disturbances have a negative impact on oral health as well.
The reciprocal relationship between periodontal health and glycemic management has
been already established. Both these pose important concerns to public health, and
need to be addressed carefully. Ayurveda, the Indian Traditional Medicine System, has
dealt in detail with the pathophysiology andmanagement of prameha (diabetes) as well
as various oral diseases including dantamoola vyadhi (periodontal diseases). Interest-
ingly, the causative factors for dantamoola vyadhi are greatly similar to those of
prameha. Ayurveda propounds formulations such as triphala, which are reported to
possess antihyperglycemic activity as well as antimicrobial activity. Hence, such
formulations can prove helpful in the management of both these diseases. Considering
the global upsurge in research on traditional medicines worldwide, it is the need of
the hour to consider the role of Ayurveda in the oral health issues of diabetic patients.
The present review discusses the Ayurvedic concepts of diabetes and periodontal
health along with their management.
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Introduction

Otoacoustic emissions, generated without external stimuli,
are termed spontaneous otoacoustic emissions (SOAE) and
indicate normal outer hair cell functioning.1,2 Although the
exact mechanism of its generation is unknown, it likely

originates from nonlinear outer hair cell activity at the place
in the cochlea tuned to its frequency3 and due to minor
structural irregularities of the cochlea, which are not signif-
icant enough to affect audiometric thresholds.4 Traditionally,
SOAEs have been elicited using two methods, in the absence
of external stimuli (SOAEs) and synchronized with the
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Abstract Objectives The primary objective of the current study was to characterize synchro-
nous spontaneous otoacoustic emissions (SSOAEs) in adults and neonates. It was also
interesting to compare the prevalence, frequency, and amplitudes of SSOAE in neo-
nates and adults.
Materials and Method A prospective comparative study design was employed in
which synchronized SSOAEs were recorded binaurally from 92 neonates and 100 adults
using an Echoport ILO 292 OAE analyzer. The recorded spectrum was analyzed for the
number, amplitude, spectral distribution, and prevalence of SSOAEs.
Statistical Analysis The data were subjected to descriptive and inferential statistics
using JASP version 0.16.1.0. A chi-squared test was used to compare the prevalence of
SSOAEs in the test population. The Shapiro–Wilk test for normality was administered to
check the data distribution. The nonparametric Mann–Whitney U test and parametric
independent t-test were used to compare the amplitude and frequency data.
Results The findings revealed a higher prevalence of SSOAEs in neonates (42.8%)
compared with adults (18%). The analysis also showed that the multiple-frequency
SSOAEs weremore prevalent than single-frequency SSOAEs in adults and neonates. The
percentage of SSOAE occurrence was highest in the 2- to 3-kHz bin for adults, whereas
in neonates, most SSOAEs occurred between 3 and 4 kHz. The results showed that the
SSOAE amplitude across frequency bands was significantly higher in newborns
compared with adults in all the frequency bins.
Conclusion The present study revealed a lesser prevalence of SSOAE in adults and
neonates than in earlier reports. However, no difference in the spectral characteristics
was observed.

DOI https://doi.org/
10.1055/s-0044-1790522.
ISSN 2582-4287.

© 2024. The Author(s).
This is an open access article published by Thieme under the terms of the

Creative Commons Attribution License, permitting unrestricted use,

distribution, and reproduction so long as the original work is properly cited.

(https://creativecommons.org/licenses/by/4.0/)

Thieme Medical and Scientific Publishers Pvt. Ltd., A-12, 2nd Floor,
Sector 2, Noida-201301 UP, India

THIEME

Original Article

Article published online: 2024-10-08

A Comparative Study of Peripheral Smear
Findings with RBC Indices and Automated
Analyzer Generated RBC Histograms in the
Diagnosis of Anemia’s
Bhargavi Thyagaraju1 Shilpa Manigatta Doddagowda1

1Department of Pathology, Sri Devaraj Urs Medical College, Sri
Devaraj Urs Academy of Higher Education and Research, Tamaka,
Kolar, Karnataka, India

J Health Allied SciNU

Address for correspondence Shilpa Manigatta Doddagowda, MD,
Department of Pathology, Sri Devaraj Urs Medical College, Tamaka,
Kolar 563103, Karnataka, India (e-mail: mdshilpa@gmail.com).

Keywords

► microcytic
hypochromic

► macrocytic
► left shift
► right shift

Abstract Introduction The red blood cell (RBC) indices generated by cell counters help in the
morphological classification of anemia. The importance of microscopic examination of
peripheral blood smears (PBSs) stained by Leishman stain cannot be used alone when it
comes to interpretation of the underlying cause of anemia. Hence, all three RBC
histograms, indices, and microscopic examination of PBSs are very essential for a
complete assessment of anemia.
Aims and Objectives To diagnose the type of anemia by examination of PBSs,
automated cell-generated RBC histograms, and RBC indices and to compare and
correlate the findings of RBC indices and automated cell-generated RBC histograms
with PBS examination.
Materials and Methods This was a prospective comparative study done on 500 cases
of anemia for a period of 5 months from August 2023 to December 2023 in a rural
tertiary care teaching hospital and all the patients’ RBC indices, RBC histogram findings,
and PBS findings were noted and analyzed.
Results Among 500 samples, normocytic normochromic anemia consists of the
majority of the cases 272 (54.4%), followed by microcytic hypochromic anemia cases
183 (36.6%), macrocytic anemia cases 27 (5.4%), normocytic hypochromic anemia
were 10 (2%) cases, and dimorphic were 8 cases (1.6%). When compared with RBC
histogram, 265 (53.0%) cases showed normal bell-shaped curve, 188 (37.6%) cases
showed left shift, 27 (5.4%) cases showed broad based curve, 10 (2%) cases showed
right shift, and 10 (2%) cases showed bimodal curve suggesting normocytic normo-
chromic, microcytic hypochromic, normocytic hypochromic anemia, macrocytic, and
dimorphic anemia, respectively.
Conclusion This study showed a well correlation in the findings of the automated
hematology analyzer with the microscopic examination. Histogram alone could be
used as a screening method but when combined with RBC indices and PBS findings,
they act as useful supplements and by correlating findings of all three, we could
diagnose the majority of anemia.
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In the last few decades, there has been an increased global
interest in the traditional systems of medicine. Ayurveda,
the traditional Indian medicine system, remains the most
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modern medicine, it is not feasible to precisely correlate
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Abstract Diabetes-related metabolic disturbances have a negative impact on oral health as well.
The reciprocal relationship between periodontal health and glycemic management has
been already established. Both these pose important concerns to public health, and
need to be addressed carefully. Ayurveda, the Indian Traditional Medicine System, has
dealt in detail with the pathophysiology andmanagement of prameha (diabetes) as well
as various oral diseases including dantamoola vyadhi (periodontal diseases). Interest-
ingly, the causative factors for dantamoola vyadhi are greatly similar to those of
prameha. Ayurveda propounds formulations such as triphala, which are reported to
possess antihyperglycemic activity as well as antimicrobial activity. Hence, such
formulations can prove helpful in the management of both these diseases. Considering
the global upsurge in research on traditional medicines worldwide, it is the need of
the hour to consider the role of Ayurveda in the oral health issues of diabetic patients.
The present review discusses the Ayurvedic concepts of diabetes and periodontal
health along with their management.
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silence subsequent to stimulus delivery for transient evoked
otoacoustic measurement, commonly known as synchro-
nous spontaneous otoacoustic emissions (SSOAEs).5

Despite its early discovery and widespread interest of
researchers, the clinical utility of SOAE remains limited due
to its lower prevalence, lack of consensus in characterization,
and lack of research exploring factors affecting SOAEs. A
plethora of procedural and subject-related factors are known
to influence SSOAEs. Interestingly, the prevalence data have
risen over the years with advancements in the sensitivity of
microphones and procedures. The prevalence of SOAEs is
known to be directly linked with age, with a higher preva-
lence (64%) in neonates compared with adults (30%).6 SOAE
amplitudes and their frequency distribution are also known
to be age-dependent. Burns et al7 and Braun8 reported higher
SOAE amplitudes and a frequency distribution concentrated
upward of 2,500Hz in neonates compared with adults.
Further, few studies have reported the influence of race on
SOAEs.6,9,10 Their reports reveal a significant effect of race on
the prevalence, amplitude, and spectral distribution of
SOAEs. In the Indian context, the prevalence of SOAEs in
adults is 43.5%,11 which is less than the higher prevalence of
61% reported in American adults.7 The prevalence reports
vary among infants from 38%12 to 62%.7 The reported preva-
lence of SOAEs is higher among neonates, ranging from78%13

to 86.5%.14

The potential clinical applications of SOAEs are well
documented in the literature. In a recent study, Mertes15

demonstrated the potential utility of synchronized SSOAEs
over transient-evokedOAEs (TEOAEs) in detecting themedial
olivocochlear bundle functioning. SOAE suppression allows
the objective evaluation of cochlear frequency selectivity by
determining the suppression tuning curves.16 A case study
by Penner17 also illustrates the evidence for the possible link
between SOAEs and tinnitus generation.

While some work has explored the prevalence of SOAEs,
the lack of consensus in the earlier prevalence reports and
underexplored age-related factors highlight the need to
investigate SSOAE in adults and neonates. Additionally, the
characterization of SOAEs is relevant in addressing gaps in
existing knowledge. Further, many studies in the literature
that have reported the prevalence and characteristics of
SOAE have used the traditional method of recording SOAE
in a nonsynchronized manner. Synchronized SOAEs are
explored less regarding their prevalence and characteristics,
especially in neonates. Given that most commercially avail-
able OAE devices now incorporate SSOAEs as part of their
recording protocols and the lack of studies focusing on neo-
nates using SSOAEs, the current study was designed to
explore the characteristics of SSOAEs in both adults and
neonates. It was also interesting to compare the prevalence
and amplitude of SSOAE in Indian neonates and adults.

Methods

The present study employed a between-group comparative
research design and was conducted in the audiology and
speech-language pathology department of a tertiary hospital

in Karnataka, India. The recording environment had ambient
noise levels well within the limits of ANSI 3.0.18

Participants
Ninety-two neonates (<3 days old; mean age¼2.62�0.34
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participants selected for the study had normal outer hair
cell functioning, confirmed using 83dB peak SPL click-
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2,828, and 4,000Hz. The TEOAEs were considered present if
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The TEOAEs and SSOAEs were recorded using an Echoport
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confirmed, low-level clickswere given to record synchronized
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windowwas analyzed for the parameters of interest of SSOAE
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Analysis
►Fig. 1 shows a few SSOAE power spectrum samples
recorded from the study population. The SSOAEs were
considered present if the absolute amplitude was above
the noise floor by 3 dB SPL at each frequency of occurrence.11

The number of individual SSOAE peaks in a recording was
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Introduction

Neurological conditions, both fatal and nonfatal, are signifi-
cant contributors to the global burden of communicable and
noncommunicable diseases.1 Disability-adjusted life years
serve as an important metric for evaluating the global
burden of neurological conditions, and their prevalence
continues to rise worldwide.1 Neurological conditions im-
pact the central nervous system such as nerves, brain, and
spinal cord. Individuals with these conditions face various

sensory, motor, cognitive, and functional challenges, reduc-
ing overall quality of life.1

Cerebrovascular accidents (CVAs)/stroke involve a sud-
den, focal interruption or obstruction in the cerebral blood
flow, leading to neurological deficit. The most common type
is ischemic typically caused by embolism or thrombosis.2

Neurodegenerative disorders influence balance, motor con-
trol, speech, respiratory and heart functions, reading abilities
and cognition.2 Diseases such as Alzheimer’s disease (AD),
Parkinson’s disease (PD), Huntington’s disease, ataxia, and
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Introduction

Anemia is the most common health problem all over the
globe especially in India. There is a significant association of
anemia with morbidity and mortality. Anemia is a condition
where the oxygen-carrying capacity is reduced in the blood
which leads to tissue hypoxia. The World Health Organiza-
tion (WHO) states that worldwide anemia affects 1.62 billion
peoplewhich corresponds to 24.8% of theworld population.1

Laboratory investigations such as the complete blood
count (CBC) and differential white blood cell (WBC) count
are crucial in diagnosing anemia. By these parameters, we
can also diagnose platelet disorders and white cell disorders
such as leukemia, leukemia, and other conditions. For the
past many years, there has been a significant advance in
blood cell analysis, which has shifted from manual proce-
dures to automated instruments, providingmore precise and
reliable results.2

The complete hematological report is mainly based on the
CBC generated by the automated analyzer and peripheral
smear examination by microscopy. The CBC is a basic and
routine test ordered by the consultant physicians nowadays.
It helps evaluate the concentration and gives the number of
various cellular components of blood, such as hemoglobin
(Hb)%, hematocrit, red cell indices, RBC count with differen-
tial count (WBC), platelet count, histograms of RBC, WBC,
mean platelet volume, and red cell distributionwidth (RDW).
In recent days, many laboratories have shifted from tradi-
tional methods in hematology to automated analyzers and
automated data.3

RBC histogram is the diagrammatic representation where
there is a symmetrical bell-shaped curve, and it helps in
better understanding and interpretation of different types of
anemia. But its usefulness is still limited in day-to-day use as
the technologists have little knowledge or unaware of it. Only
a few laboratory technologists have an understanding of
correlation and interpretation.3 Hb distribution width,
RDW, and reticulocyte count are the parameters that have
gained popularity along with scatter plots and histograms as
they provide useful and important information.4–6

Red blood cell (RBC) histograms and RBC indices are very
essential for diagnosing and management of anemia. The
important diagnostic tool for most of the corporate labora-
tories is the histograms which help in analyzing the blood
films routinely. RBC histograms play a major role in the
diagnosis of RBC disorders.7

Anemia causes can be multifactorial in origin. But nutri-
tional deficiency is themost common cause of anemia, and it
is due to deficiency of nutrients such as iron, vitamin B12, or
folic acid. Other clinical conditions which can also lead to
anemia include decreased production of RBCs in disease-
causing bone marrow failure and increased destruction of
RBCs in clinical conditions leading to hemolysis. Therefore,
every patient of anemia should be investigated thoroughly to
find out the cause so that the proper treatment can be
provided based on the underlying cause. However, there is
lack of consistency in the protocols that are followed for the
proper screening of anemia.8–10

Regardless of the latest sophisticated automated instru-
ments present today, we still rely on certain manual techni-
ques and follow them. This studywasplanned and conducted
to notice the relationship between the Sysmex XN 1000
hematology autoanalyzer-generated RBC histogram and
RBC indices and peripheral smear examinations using hu-
man blood samples.

Materials and Methods

The current study was a prospective laboratory-based study
conducted for a duration of 5 months between August 2023
and December 2023, which was performed at a rural tertiary
care center after obtaining an ethical clearance from the
institutional ethical committee. The estimated sample size
was 456 calculated based on a 95% confidence interval, a
margin of error of 4.5%, and a population proportion of 60% to
obtain good results, it was made with a 500 sample size.

Inclusion criteria: All the patients of all age groups diag-
nosed with anemia as per WHO reference range by the
automated analyzer and the peripheral smear were included
in the study.

Exclusion criteria: Anemic patients who have received a
blood transfusion, inadequate quantity of blood sample (<
3mL) for automated analyzer and patients having leukocy-
tosis, leukemoid reaction, leukemia, and platelet disorders
were excluded from the study.

3mL of venous blood samples were collected in an EDTA
vacutainer and processed in the Sysmex XN 1000 five-part
differential hematology analyzer for CBC within 1hour of
blood sample collection. Calibration and quality controlwere
performed according to the manufacturer instructions be-
fore processing test samples.

The RBC indices and histogram for each patient was
recorded from the cell counter and peripheral smear study
were done to correlate the RBC size, which was a fully
automated five-part differential instrument. Peripheral
blood smears (PBSs) were done for all the cases simulta-
neously, and they were stained with Leishman stain. All the
peripheral smearswere reported accordingly for the RBC size
and shape. We also looked for WBC and platelets. Clinical
details of the patient were collected.

All the data obtained were entered into Microsoft Excel
data sheet and using SPSS 22 version software, it was
analyzed. For qualitative data, Pearson’s chi-square test
was used as test of significance. Wherever necessary data
were represented in the form of bar diagrams and charts. The
p-value of <0.05 was considered statistically significant.

Results

A total of 500 cases were included in the study, with the age
range ranging from 1 to 93 years. The majority of the cases
(17.6%) belonged to the age group between 41 and 50 years. In
the study population, the majority were females, which con-
tributed to 576.6% of the total cases. Based on Hb values, cases
were further divided into the following categories: mild (Hb
<11g), moderate (Hb 7–10 g%), and severe (Hb <7 g%).
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silence subsequent to stimulus delivery for transient evoked
otoacoustic measurement, commonly known as synchro-
nous spontaneous otoacoustic emissions (SSOAEs).5

Despite its early discovery and widespread interest of
researchers, the clinical utility of SOAE remains limited due
to its lower prevalence, lack of consensus in characterization,
and lack of research exploring factors affecting SOAEs. A
plethora of procedural and subject-related factors are known
to influence SSOAEs. Interestingly, the prevalence data have
risen over the years with advancements in the sensitivity of
microphones and procedures. The prevalence of SOAEs is
known to be directly linked with age, with a higher preva-
lence (64%) in neonates compared with adults (30%).6 SOAE
amplitudes and their frequency distribution are also known
to be age-dependent. Burns et al7 and Braun8 reported higher
SOAE amplitudes and a frequency distribution concentrated
upward of 2,500Hz in neonates compared with adults.
Further, few studies have reported the influence of race on
SOAEs.6,9,10 Their reports reveal a significant effect of race on
the prevalence, amplitude, and spectral distribution of
SOAEs. In the Indian context, the prevalence of SOAEs in
adults is 43.5%,11 which is less than the higher prevalence of
61% reported in American adults.7 The prevalence reports
vary among infants from 38%12 to 62%.7 The reported preva-
lence of SOAEs is higher among neonates, ranging from78%13

to 86.5%.14

The potential clinical applications of SOAEs are well
documented in the literature. In a recent study, Mertes15

demonstrated the potential utility of synchronized SSOAEs
over transient-evokedOAEs (TEOAEs) in detecting themedial
olivocochlear bundle functioning. SOAE suppression allows
the objective evaluation of cochlear frequency selectivity by
determining the suppression tuning curves.16 A case study
by Penner17 also illustrates the evidence for the possible link
between SOAEs and tinnitus generation.

While some work has explored the prevalence of SOAEs,
the lack of consensus in the earlier prevalence reports and
underexplored age-related factors highlight the need to
investigate SSOAE in adults and neonates. Additionally, the
characterization of SOAEs is relevant in addressing gaps in
existing knowledge. Further, many studies in the literature
that have reported the prevalence and characteristics of
SOAE have used the traditional method of recording SOAE
in a nonsynchronized manner. Synchronized SOAEs are
explored less regarding their prevalence and characteristics,
especially in neonates. Given that most commercially avail-
able OAE devices now incorporate SSOAEs as part of their
recording protocols and the lack of studies focusing on neo-
nates using SSOAEs, the current study was designed to
explore the characteristics of SSOAEs in both adults and
neonates. It was also interesting to compare the prevalence
and amplitude of SSOAE in Indian neonates and adults.

Methods

The present study employed a between-group comparative
research design and was conducted in the audiology and
speech-language pathology department of a tertiary hospital

in Karnataka, India. The recording environment had ambient
noise levels well within the limits of ANSI 3.0.18

Participants
Ninety-two neonates (<3 days old; mean age¼2.62�0.34
days; 42 females; 184 ears) and 100 adults (age 18–25 years;
mean age¼22.67�2.12 years; 62 females; 200 ears) were
recruited as participants based on convenience sampling. All
neonates in the present study had Appearance, Pulse, Gri-
mace, Activity, and Respiration (APGAR) scores greater than
4 and 6, respectively, at 1 and 5minutes after birth.19 Further,
all the neonates were screened using the high-risk register
(HRR) for medical persons tapping prenatal, perinatal, and
postnatal history.20 A detailed audiological history was
obtained from the adult participants to rule out the presence
of any significant medical or otological history. All the
participants selected for the study had normal outer hair
cell functioning, confirmed using 83dB peak SPL click-
evoked TEOAEs at test frequencies of 1,000, 1,414, 2,000,
2,828, and 4,000Hz. The TEOAEs were considered present if
the signal-to-noise ratio (SNR) at three adjacent test fre-
quencies was greater than 6dB.11 Before testing, the ear
canals were visually inspected using an otoscope (Welch
Allyn LED Fiber-Optic) to ensure there was no debris or
obstruction.

Procedure
The TEOAEs and SSOAEs were recorded using an Echoport
ILO 292 (Otodynamics Inc, Switzerland) in a sound-treated
room. The adult participantsweremade to sit comfortablyon
a chair, whereas the neonates were made to lie on a cradle
while recording. The OAE recording probe was inserted deep
into the participant’s ear canal, and a hermetic seal was
ensured. To record TEOAEs, the stimulus sound pressure level
in the ear canal was adjusted to 80dB peak SPL using the
auto-adjust function, and260sweepsofclickswerepresented.
After the stimulus was presented, the sound level in the ear
canal was recorded for 20 milliseconds. Once TEOAEs were
confirmed, low-level clickswere given to record synchronized
SOAEs and a recording window of 80 milliseconds was used.
The recorded power spectrum in the 60- to 80-millisecond
windowwas analyzed for the parameters of interest of SSOAE
as TEOAEs elicited by a click do not persist after 20 milli-
seconds. This recording method is a default setting on the ILO
system by Otodynamics for recording SOAE.

Analysis
►Fig. 1 shows a few SSOAE power spectrum samples
recorded from the study population. The SSOAEs were
considered present if the absolute amplitude was above
the noise floor by 3 dB SPL at each frequency of occurrence.11

The number of individual SSOAE peaks in a recording was
counted and used to classify the ear as having multiple and
single SSOAEs. The power spectrum of SSOAE was catego-
rized into five frequency bins with a bandwidth of 1,000Hz
from 1 up to 6 kHz. The frequency of occurrence of SSOAE in
each frequency bin (1–2, 2–3, 3–4, 4–5, and 5–6 kHz) was
used to obtain the spectral distribution of SSOAEs in adults
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each frequency bin (1–2, 2–3, 3–4, 4–5, and 5–6 kHz) was
used to obtain the spectral distribution of SSOAEs in adults
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Introduction

Neurological conditions, both fatal and nonfatal, are signifi-
cant contributors to the global burden of communicable and
noncommunicable diseases.1 Disability-adjusted life years
serve as an important metric for evaluating the global
burden of neurological conditions, and their prevalence
continues to rise worldwide.1 Neurological conditions im-
pact the central nervous system such as nerves, brain, and
spinal cord. Individuals with these conditions face various
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ing overall quality of life.1

Cerebrovascular accidents (CVAs)/stroke involve a sud-
den, focal interruption or obstruction in the cerebral blood
flow, leading to neurological deficit. The most common type
is ischemic typically caused by embolism or thrombosis.2

Neurodegenerative disorders influence balance, motor con-
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and cognition.2 Diseases such as Alzheimer’s disease (AD),
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Introduction

Anemia is the most common health problem all over the
globe especially in India. There is a significant association of
anemia with morbidity and mortality. Anemia is a condition
where the oxygen-carrying capacity is reduced in the blood
which leads to tissue hypoxia. The World Health Organiza-
tion (WHO) states that worldwide anemia affects 1.62 billion
peoplewhich corresponds to 24.8% of theworld population.1

Laboratory investigations such as the complete blood
count (CBC) and differential white blood cell (WBC) count
are crucial in diagnosing anemia. By these parameters, we
can also diagnose platelet disorders and white cell disorders
such as leukemia, leukemia, and other conditions. For the
past many years, there has been a significant advance in
blood cell analysis, which has shifted from manual proce-
dures to automated instruments, providingmore precise and
reliable results.2

The complete hematological report is mainly based on the
CBC generated by the automated analyzer and peripheral
smear examination by microscopy. The CBC is a basic and
routine test ordered by the consultant physicians nowadays.
It helps evaluate the concentration and gives the number of
various cellular components of blood, such as hemoglobin
(Hb)%, hematocrit, red cell indices, RBC count with differen-
tial count (WBC), platelet count, histograms of RBC, WBC,
mean platelet volume, and red cell distributionwidth (RDW).
In recent days, many laboratories have shifted from tradi-
tional methods in hematology to automated analyzers and
automated data.3

RBC histogram is the diagrammatic representation where
there is a symmetrical bell-shaped curve, and it helps in
better understanding and interpretation of different types of
anemia. But its usefulness is still limited in day-to-day use as
the technologists have little knowledge or unaware of it. Only
a few laboratory technologists have an understanding of
correlation and interpretation.3 Hb distribution width,
RDW, and reticulocyte count are the parameters that have
gained popularity along with scatter plots and histograms as
they provide useful and important information.4–6

Red blood cell (RBC) histograms and RBC indices are very
essential for diagnosing and management of anemia. The
important diagnostic tool for most of the corporate labora-
tories is the histograms which help in analyzing the blood
films routinely. RBC histograms play a major role in the
diagnosis of RBC disorders.7

Anemia causes can be multifactorial in origin. But nutri-
tional deficiency is themost common cause of anemia, and it
is due to deficiency of nutrients such as iron, vitamin B12, or
folic acid. Other clinical conditions which can also lead to
anemia include decreased production of RBCs in disease-
causing bone marrow failure and increased destruction of
RBCs in clinical conditions leading to hemolysis. Therefore,
every patient of anemia should be investigated thoroughly to
find out the cause so that the proper treatment can be
provided based on the underlying cause. However, there is
lack of consistency in the protocols that are followed for the
proper screening of anemia.8–10

Regardless of the latest sophisticated automated instru-
ments present today, we still rely on certain manual techni-
ques and follow them. This studywasplanned and conducted
to notice the relationship between the Sysmex XN 1000
hematology autoanalyzer-generated RBC histogram and
RBC indices and peripheral smear examinations using hu-
man blood samples.

Materials and Methods

The current study was a prospective laboratory-based study
conducted for a duration of 5 months between August 2023
and December 2023, which was performed at a rural tertiary
care center after obtaining an ethical clearance from the
institutional ethical committee. The estimated sample size
was 456 calculated based on a 95% confidence interval, a
margin of error of 4.5%, and a population proportion of 60% to
obtain good results, it was made with a 500 sample size.

Inclusion criteria: All the patients of all age groups diag-
nosed with anemia as per WHO reference range by the
automated analyzer and the peripheral smear were included
in the study.

Exclusion criteria: Anemic patients who have received a
blood transfusion, inadequate quantity of blood sample (<
3mL) for automated analyzer and patients having leukocy-
tosis, leukemoid reaction, leukemia, and platelet disorders
were excluded from the study.

3mL of venous blood samples were collected in an EDTA
vacutainer and processed in the Sysmex XN 1000 five-part
differential hematology analyzer for CBC within 1hour of
blood sample collection. Calibration and quality controlwere
performed according to the manufacturer instructions be-
fore processing test samples.

The RBC indices and histogram for each patient was
recorded from the cell counter and peripheral smear study
were done to correlate the RBC size, which was a fully
automated five-part differential instrument. Peripheral
blood smears (PBSs) were done for all the cases simulta-
neously, and they were stained with Leishman stain. All the
peripheral smearswere reported accordingly for the RBC size
and shape. We also looked for WBC and platelets. Clinical
details of the patient were collected.

All the data obtained were entered into Microsoft Excel
data sheet and using SPSS 22 version software, it was
analyzed. For qualitative data, Pearson’s chi-square test
was used as test of significance. Wherever necessary data
were represented in the form of bar diagrams and charts. The
p-value of <0.05 was considered statistically significant.

Results

A total of 500 cases were included in the study, with the age
range ranging from 1 to 93 years. The majority of the cases
(17.6%) belonged to the age group between 41 and 50 years. In
the study population, the majority were females, which con-
tributed to 576.6% of the total cases. Based on Hb values, cases
were further divided into the following categories: mild (Hb
<11g), moderate (Hb 7–10 g%), and severe (Hb <7 g%).
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and neonates separately. Further, the amplitude of the SSOAE
was measured manually for each peak from the recorded
power spectrum using a curser kept on the tip of the SSOAE.

Statistical Analysis
All the above parameters are tabulated and subjected to
further descriptive and inferential statistical analysis using
JASP software version 0.16.1.0.21 Descriptive statistics were
performed to obtain the prevalence of SSOAE, unilateral and
bilateral SSOAEs, multiple and single OAEs, and mean ampli-
tude of SSOAEs. The Shapiro–Wilk test for normality was
administered to check the data distribution, which revealed
normal distribution (p>0.05) for absolute amplitude and
frequencies of occurrence. A paired t-test was administered
using SSOAE amplitude and frequency data to check the
significance of the ear effect. A chi-squared test was per-
formed to compare the prevalence of SSOAE in adults and
neonates. The prevalence of unilateral versus bilateral
SSOAEs and single versus multiple SSOAEs was compared
between adults and neonates using the chi-squared test. The
Mann–Whitney U test and independent t-test were used to
compare the amplitude between adults and neonates across
five frequency bins.

Results

A total of 192 participants (100 adults and 92 neonates)
recruited in the study resulted in the data/recordings from
384 ears. The data from 15 neonates were discarded due to
higher noise levels at the probemicrophone due to biological
factors. As the datawere normally distributed, as revealed by
the Shapiro–Wilk test (p<0.05), parametric tests were con-
sidered for the inferential analysis. Initially, the paired
sample t-test was used to test for significant ear effect.
The results revealed no significant ear effect on the ampli-
tudes of SSOAEs in adults (t(36)¼1.51; p¼0.14) or neonates

(t(71)¼0.12; p¼0.90). Also, no statistically significant ear
effect was observed on the SSOAE frequencies in adults
(t(36)¼–0.75; p¼0.45) or neonates (t(71)¼–1.53;
p¼0.12). Since the paired sample t-test revealed no signifi-
cant ear effect for neonates and adults, the SSOAE amplitude
and frequency data from the right and left ears were com-
bined and considered for further analysis.

Prevalence of SSOAEs
The SSOAEs were present in 18% of adults (36 of 200 ears
tested) and 42.8% of neonates (66 of 154 ears tested). The chi-
squared test revealed that the prevalence of SSOAE was
significantly higher in neonates compared with adults
(χ2¼20.201; p¼0.001). ►Fig. 2A depicts the prevalence of
single andmultiple SSOAEs in the adult and newborn groups.
Multiple SSOAEs were significantly more prevalent than
single SSOAEs in the adult (χ2¼19.45; p¼0.02) and newborn
(χ2¼18.74; p¼0.01) groups.

Between-group comparisons showed no significant dif-
ference in the prevalence of single (χ2¼0.591; p¼0.85) and
multiple (χ2¼0.532; p¼0.83) SSOAEs. However, ►Fig. 2A

reveals that multiple SSOAEs were more prevalent in the
newborn group, and single SSOAEs were more prevalent in
the adult group. The chi-squared test for the 2�2 contingency
table showed no significant difference in the prevalence of
unilateral versus bilateral SOAEs between adults and neo-
nates (χ2¼0.591; p¼0.44; ►Fig. 2B).

Spectral Distribution
The spectral distribution of SSOAE in adults and neonates is
depicted in ►Fig. 3A. Results showed that the percentage of
SSOAE occurrence was highest for adults in the 2- to 3-kHz
bin. In contrast, most of the SSOAEs were located in the 3- to
4-kHz bin in neonates. Z scores for proportions were used to
compare the group differences in the prevalence of SSOAEs in
the frequency bins, and the results are tabulated in►Table 1.

Fig. 1 Sample power spectrum recorded in the present study showing (A) single, (B) two and (C) three synchronous spontaneous otoacoustic
emission (SSOAE) peaks in adults, and (D) recording from a neonate with four SSOAE peaks.
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Absolute Amplitude
As the amplitude data of 2 to 3 and 3 to 4 kHz were not
normally distributed, the Mann–Whitney U test was used to
compare the amplitude between adults and neonates in
these frequency bins. In contrast, the independent t-test
was performed for other bins. The results showed that the

SOAE amplitude across frequency bands was significantly
higher in neonates than in adults in all the frequency bins
except 5 to 6 kHz, as depicted in ►Fig. 3B. ►Table 1 summa-
rizes the test statistics and the level of significance data of the
Mann–Whitney U test and t-test comparing the SSOAE
amplitudes across frequency bands for adults and neonates.

Fig. 3 Spectral distribution of (A) synchronous spontaneous otoacoustic emissions (SSOAEs) and (B) the amplitude of SSOAEs in adults (n¼33
ears) and neonates (n¼174 ears). The asterisk (�) symbol indicates significance at p<0.05.

Table 1 Results of between-group (adult vs. neonates) comparison of the spectral distribution using Z scores for proportion test
and amplitudes at various spectral bins using the Mann–Whitney U test and independent t-test

Spectral distribution Spectral amplitudes

Frequency bins Test statistic p Test statistic p

1,000–2,000Hz Z¼9.08 <0.001 t¼–3.005 <0.001

2,000–3,000Hz Z¼10.81 <0.001 U¼309.00 <0.001

3,000–4,000Hz Z¼7.52 <0.001 U¼646.00 <0.001

4,000–5,000Hz Z¼2.691 0.007 t¼–0.09 0.012

5,000–6,000Hz Z¼2.96 0.002 t¼–0.239 0.812

Fig. 2 Prevalence of (A) single versus multiple synchronous spontaneous otoacoustic emission (SSOAE) and (B) unilateral versus bilateral
SSOAEs in adults (n¼33 ears) and neonates (n¼174 ears).
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silence subsequent to stimulus delivery for transient evoked
otoacoustic measurement, commonly known as synchro-
nous spontaneous otoacoustic emissions (SSOAEs).5

Despite its early discovery and widespread interest of
researchers, the clinical utility of SOAE remains limited due
to its lower prevalence, lack of consensus in characterization,
and lack of research exploring factors affecting SOAEs. A
plethora of procedural and subject-related factors are known
to influence SSOAEs. Interestingly, the prevalence data have
risen over the years with advancements in the sensitivity of
microphones and procedures. The prevalence of SOAEs is
known to be directly linked with age, with a higher preva-
lence (64%) in neonates compared with adults (30%).6 SOAE
amplitudes and their frequency distribution are also known
to be age-dependent. Burns et al7 and Braun8 reported higher
SOAE amplitudes and a frequency distribution concentrated
upward of 2,500Hz in neonates compared with adults.
Further, few studies have reported the influence of race on
SOAEs.6,9,10 Their reports reveal a significant effect of race on
the prevalence, amplitude, and spectral distribution of
SOAEs. In the Indian context, the prevalence of SOAEs in
adults is 43.5%,11 which is less than the higher prevalence of
61% reported in American adults.7 The prevalence reports
vary among infants from 38%12 to 62%.7 The reported preva-
lence of SOAEs is higher among neonates, ranging from78%13

to 86.5%.14

The potential clinical applications of SOAEs are well
documented in the literature. In a recent study, Mertes15

demonstrated the potential utility of synchronized SSOAEs
over transient-evokedOAEs (TEOAEs) in detecting themedial
olivocochlear bundle functioning. SOAE suppression allows
the objective evaluation of cochlear frequency selectivity by
determining the suppression tuning curves.16 A case study
by Penner17 also illustrates the evidence for the possible link
between SOAEs and tinnitus generation.

While some work has explored the prevalence of SOAEs,
the lack of consensus in the earlier prevalence reports and
underexplored age-related factors highlight the need to
investigate SSOAE in adults and neonates. Additionally, the
characterization of SOAEs is relevant in addressing gaps in
existing knowledge. Further, many studies in the literature
that have reported the prevalence and characteristics of
SOAE have used the traditional method of recording SOAE
in a nonsynchronized manner. Synchronized SOAEs are
explored less regarding their prevalence and characteristics,
especially in neonates. Given that most commercially avail-
able OAE devices now incorporate SSOAEs as part of their
recording protocols and the lack of studies focusing on neo-
nates using SSOAEs, the current study was designed to
explore the characteristics of SSOAEs in both adults and
neonates. It was also interesting to compare the prevalence
and amplitude of SSOAE in Indian neonates and adults.

Methods

The present study employed a between-group comparative
research design and was conducted in the audiology and
speech-language pathology department of a tertiary hospital

in Karnataka, India. The recording environment had ambient
noise levels well within the limits of ANSI 3.0.18

Participants
Ninety-two neonates (<3 days old; mean age¼2.62�0.34
days; 42 females; 184 ears) and 100 adults (age 18–25 years;
mean age¼22.67�2.12 years; 62 females; 200 ears) were
recruited as participants based on convenience sampling. All
neonates in the present study had Appearance, Pulse, Gri-
mace, Activity, and Respiration (APGAR) scores greater than
4 and 6, respectively, at 1 and 5minutes after birth.19 Further,
all the neonates were screened using the high-risk register
(HRR) for medical persons tapping prenatal, perinatal, and
postnatal history.20 A detailed audiological history was
obtained from the adult participants to rule out the presence
of any significant medical or otological history. All the
participants selected for the study had normal outer hair
cell functioning, confirmed using 83dB peak SPL click-
evoked TEOAEs at test frequencies of 1,000, 1,414, 2,000,
2,828, and 4,000Hz. The TEOAEs were considered present if
the signal-to-noise ratio (SNR) at three adjacent test fre-
quencies was greater than 6dB.11 Before testing, the ear
canals were visually inspected using an otoscope (Welch
Allyn LED Fiber-Optic) to ensure there was no debris or
obstruction.

Procedure
The TEOAEs and SSOAEs were recorded using an Echoport
ILO 292 (Otodynamics Inc, Switzerland) in a sound-treated
room. The adult participantsweremade to sit comfortablyon
a chair, whereas the neonates were made to lie on a cradle
while recording. The OAE recording probe was inserted deep
into the participant’s ear canal, and a hermetic seal was
ensured. To record TEOAEs, the stimulus sound pressure level
in the ear canal was adjusted to 80dB peak SPL using the
auto-adjust function, and260sweepsofclickswerepresented.
After the stimulus was presented, the sound level in the ear
canal was recorded for 20 milliseconds. Once TEOAEs were
confirmed, low-level clickswere given to record synchronized
SOAEs and a recording window of 80 milliseconds was used.
The recorded power spectrum in the 60- to 80-millisecond
windowwas analyzed for the parameters of interest of SSOAE
as TEOAEs elicited by a click do not persist after 20 milli-
seconds. This recording method is a default setting on the ILO
system by Otodynamics for recording SOAE.

Analysis
►Fig. 1 shows a few SSOAE power spectrum samples
recorded from the study population. The SSOAEs were
considered present if the absolute amplitude was above
the noise floor by 3 dB SPL at each frequency of occurrence.11

The number of individual SSOAE peaks in a recording was
counted and used to classify the ear as having multiple and
single SSOAEs. The power spectrum of SSOAE was catego-
rized into five frequency bins with a bandwidth of 1,000Hz
from 1 up to 6 kHz. The frequency of occurrence of SSOAE in
each frequency bin (1–2, 2–3, 3–4, 4–5, and 5–6 kHz) was
used to obtain the spectral distribution of SSOAEs in adults
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Introduction

Anemia is the most common health problem all over the
globe especially in India. There is a significant association of
anemia with morbidity and mortality. Anemia is a condition
where the oxygen-carrying capacity is reduced in the blood
which leads to tissue hypoxia. The World Health Organiza-
tion (WHO) states that worldwide anemia affects 1.62 billion
peoplewhich corresponds to 24.8% of theworld population.1

Laboratory investigations such as the complete blood
count (CBC) and differential white blood cell (WBC) count
are crucial in diagnosing anemia. By these parameters, we
can also diagnose platelet disorders and white cell disorders
such as leukemia, leukemia, and other conditions. For the
past many years, there has been a significant advance in
blood cell analysis, which has shifted from manual proce-
dures to automated instruments, providingmore precise and
reliable results.2

The complete hematological report is mainly based on the
CBC generated by the automated analyzer and peripheral
smear examination by microscopy. The CBC is a basic and
routine test ordered by the consultant physicians nowadays.
It helps evaluate the concentration and gives the number of
various cellular components of blood, such as hemoglobin
(Hb)%, hematocrit, red cell indices, RBC count with differen-
tial count (WBC), platelet count, histograms of RBC, WBC,
mean platelet volume, and red cell distributionwidth (RDW).
In recent days, many laboratories have shifted from tradi-
tional methods in hematology to automated analyzers and
automated data.3

RBC histogram is the diagrammatic representation where
there is a symmetrical bell-shaped curve, and it helps in
better understanding and interpretation of different types of
anemia. But its usefulness is still limited in day-to-day use as
the technologists have little knowledge or unaware of it. Only
a few laboratory technologists have an understanding of
correlation and interpretation.3 Hb distribution width,
RDW, and reticulocyte count are the parameters that have
gained popularity along with scatter plots and histograms as
they provide useful and important information.4–6

Red blood cell (RBC) histograms and RBC indices are very
essential for diagnosing and management of anemia. The
important diagnostic tool for most of the corporate labora-
tories is the histograms which help in analyzing the blood
films routinely. RBC histograms play a major role in the
diagnosis of RBC disorders.7

Anemia causes can be multifactorial in origin. But nutri-
tional deficiency is themost common cause of anemia, and it
is due to deficiency of nutrients such as iron, vitamin B12, or
folic acid. Other clinical conditions which can also lead to
anemia include decreased production of RBCs in disease-
causing bone marrow failure and increased destruction of
RBCs in clinical conditions leading to hemolysis. Therefore,
every patient of anemia should be investigated thoroughly to
find out the cause so that the proper treatment can be
provided based on the underlying cause. However, there is
lack of consistency in the protocols that are followed for the
proper screening of anemia.8–10

Regardless of the latest sophisticated automated instru-
ments present today, we still rely on certain manual techni-
ques and follow them. This studywasplanned and conducted
to notice the relationship between the Sysmex XN 1000
hematology autoanalyzer-generated RBC histogram and
RBC indices and peripheral smear examinations using hu-
man blood samples.

Materials and Methods

The current study was a prospective laboratory-based study
conducted for a duration of 5 months between August 2023
and December 2023, which was performed at a rural tertiary
care center after obtaining an ethical clearance from the
institutional ethical committee. The estimated sample size
was 456 calculated based on a 95% confidence interval, a
margin of error of 4.5%, and a population proportion of 60% to
obtain good results, it was made with a 500 sample size.

Inclusion criteria: All the patients of all age groups diag-
nosed with anemia as per WHO reference range by the
automated analyzer and the peripheral smear were included
in the study.

Exclusion criteria: Anemic patients who have received a
blood transfusion, inadequate quantity of blood sample (<
3mL) for automated analyzer and patients having leukocy-
tosis, leukemoid reaction, leukemia, and platelet disorders
were excluded from the study.

3mL of venous blood samples were collected in an EDTA
vacutainer and processed in the Sysmex XN 1000 five-part
differential hematology analyzer for CBC within 1hour of
blood sample collection. Calibration and quality controlwere
performed according to the manufacturer instructions be-
fore processing test samples.

The RBC indices and histogram for each patient was
recorded from the cell counter and peripheral smear study
were done to correlate the RBC size, which was a fully
automated five-part differential instrument. Peripheral
blood smears (PBSs) were done for all the cases simulta-
neously, and they were stained with Leishman stain. All the
peripheral smearswere reported accordingly for the RBC size
and shape. We also looked for WBC and platelets. Clinical
details of the patient were collected.

All the data obtained were entered into Microsoft Excel
data sheet and using SPSS 22 version software, it was
analyzed. For qualitative data, Pearson’s chi-square test
was used as test of significance. Wherever necessary data
were represented in the form of bar diagrams and charts. The
p-value of <0.05 was considered statistically significant.

Results

A total of 500 cases were included in the study, with the age
range ranging from 1 to 93 years. The majority of the cases
(17.6%) belonged to the age group between 41 and 50 years. In
the study population, the majority were females, which con-
tributed to 576.6% of the total cases. Based on Hb values, cases
were further divided into the following categories: mild (Hb
<11g), moderate (Hb 7–10 g%), and severe (Hb <7 g%).
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and neonates separately. Further, the amplitude of the SSOAE
was measured manually for each peak from the recorded
power spectrum using a curser kept on the tip of the SSOAE.

Statistical Analysis
All the above parameters are tabulated and subjected to
further descriptive and inferential statistical analysis using
JASP software version 0.16.1.0.21 Descriptive statistics were
performed to obtain the prevalence of SSOAE, unilateral and
bilateral SSOAEs, multiple and single OAEs, and mean ampli-
tude of SSOAEs. The Shapiro–Wilk test for normality was
administered to check the data distribution, which revealed
normal distribution (p>0.05) for absolute amplitude and
frequencies of occurrence. A paired t-test was administered
using SSOAE amplitude and frequency data to check the
significance of the ear effect. A chi-squared test was per-
formed to compare the prevalence of SSOAE in adults and
neonates. The prevalence of unilateral versus bilateral
SSOAEs and single versus multiple SSOAEs was compared
between adults and neonates using the chi-squared test. The
Mann–Whitney U test and independent t-test were used to
compare the amplitude between adults and neonates across
five frequency bins.

Results

A total of 192 participants (100 adults and 92 neonates)
recruited in the study resulted in the data/recordings from
384 ears. The data from 15 neonates were discarded due to
higher noise levels at the probemicrophone due to biological
factors. As the datawere normally distributed, as revealed by
the Shapiro–Wilk test (p<0.05), parametric tests were con-
sidered for the inferential analysis. Initially, the paired
sample t-test was used to test for significant ear effect.
The results revealed no significant ear effect on the ampli-
tudes of SSOAEs in adults (t(36)¼1.51; p¼0.14) or neonates

(t(71)¼0.12; p¼0.90). Also, no statistically significant ear
effect was observed on the SSOAE frequencies in adults
(t(36)¼–0.75; p¼0.45) or neonates (t(71)¼–1.53;
p¼0.12). Since the paired sample t-test revealed no signifi-
cant ear effect for neonates and adults, the SSOAE amplitude
and frequency data from the right and left ears were com-
bined and considered for further analysis.

Prevalence of SSOAEs
The SSOAEs were present in 18% of adults (36 of 200 ears
tested) and 42.8% of neonates (66 of 154 ears tested). The chi-
squared test revealed that the prevalence of SSOAE was
significantly higher in neonates compared with adults
(χ2¼20.201; p¼0.001). ►Fig. 2A depicts the prevalence of
single andmultiple SSOAEs in the adult and newborn groups.
Multiple SSOAEs were significantly more prevalent than
single SSOAEs in the adult (χ2¼19.45; p¼0.02) and newborn
(χ2¼18.74; p¼0.01) groups.

Between-group comparisons showed no significant dif-
ference in the prevalence of single (χ2¼0.591; p¼0.85) and
multiple (χ2¼0.532; p¼0.83) SSOAEs. However, ►Fig. 2A

reveals that multiple SSOAEs were more prevalent in the
newborn group, and single SSOAEs were more prevalent in
the adult group. The chi-squared test for the 2�2 contingency
table showed no significant difference in the prevalence of
unilateral versus bilateral SOAEs between adults and neo-
nates (χ2¼0.591; p¼0.44; ►Fig. 2B).

Spectral Distribution
The spectral distribution of SSOAE in adults and neonates is
depicted in ►Fig. 3A. Results showed that the percentage of
SSOAE occurrence was highest for adults in the 2- to 3-kHz
bin. In contrast, most of the SSOAEs were located in the 3- to
4-kHz bin in neonates. Z scores for proportions were used to
compare the group differences in the prevalence of SSOAEs in
the frequency bins, and the results are tabulated in►Table 1.

Fig. 1 Sample power spectrum recorded in the present study showing (A) single, (B) two and (C) three synchronous spontaneous otoacoustic
emission (SSOAE) peaks in adults, and (D) recording from a neonate with four SSOAE peaks.
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Absolute Amplitude
As the amplitude data of 2 to 3 and 3 to 4 kHz were not
normally distributed, the Mann–Whitney U test was used to
compare the amplitude between adults and neonates in
these frequency bins. In contrast, the independent t-test
was performed for other bins. The results showed that the

SOAE amplitude across frequency bands was significantly
higher in neonates than in adults in all the frequency bins
except 5 to 6 kHz, as depicted in ►Fig. 3B. ►Table 1 summa-
rizes the test statistics and the level of significance data of the
Mann–Whitney U test and t-test comparing the SSOAE
amplitudes across frequency bands for adults and neonates.

Fig. 3 Spectral distribution of (A) synchronous spontaneous otoacoustic emissions (SSOAEs) and (B) the amplitude of SSOAEs in adults (n¼33
ears) and neonates (n¼174 ears). The asterisk (�) symbol indicates significance at p<0.05.

Table 1 Results of between-group (adult vs. neonates) comparison of the spectral distribution using Z scores for proportion test
and amplitudes at various spectral bins using the Mann–Whitney U test and independent t-test

Spectral distribution Spectral amplitudes

Frequency bins Test statistic p Test statistic p

1,000–2,000Hz Z¼9.08 <0.001 t¼–3.005 <0.001

2,000–3,000Hz Z¼10.81 <0.001 U¼309.00 <0.001

3,000–4,000Hz Z¼7.52 <0.001 U¼646.00 <0.001

4,000–5,000Hz Z¼2.691 0.007 t¼–0.09 0.012

5,000–6,000Hz Z¼2.96 0.002 t¼–0.239 0.812

Fig. 2 Prevalence of (A) single versus multiple synchronous spontaneous otoacoustic emission (SSOAE) and (B) unilateral versus bilateral
SSOAEs in adults (n¼33 ears) and neonates (n¼174 ears).
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silence subsequent to stimulus delivery for transient evoked
otoacoustic measurement, commonly known as synchro-
nous spontaneous otoacoustic emissions (SSOAEs).5

Despite its early discovery and widespread interest of
researchers, the clinical utility of SOAE remains limited due
to its lower prevalence, lack of consensus in characterization,
and lack of research exploring factors affecting SOAEs. A
plethora of procedural and subject-related factors are known
to influence SSOAEs. Interestingly, the prevalence data have
risen over the years with advancements in the sensitivity of
microphones and procedures. The prevalence of SOAEs is
known to be directly linked with age, with a higher preva-
lence (64%) in neonates compared with adults (30%).6 SOAE
amplitudes and their frequency distribution are also known
to be age-dependent. Burns et al7 and Braun8 reported higher
SOAE amplitudes and a frequency distribution concentrated
upward of 2,500Hz in neonates compared with adults.
Further, few studies have reported the influence of race on
SOAEs.6,9,10 Their reports reveal a significant effect of race on
the prevalence, amplitude, and spectral distribution of
SOAEs. In the Indian context, the prevalence of SOAEs in
adults is 43.5%,11 which is less than the higher prevalence of
61% reported in American adults.7 The prevalence reports
vary among infants from 38%12 to 62%.7 The reported preva-
lence of SOAEs is higher among neonates, ranging from78%13

to 86.5%.14

The potential clinical applications of SOAEs are well
documented in the literature. In a recent study, Mertes15

demonstrated the potential utility of synchronized SSOAEs
over transient-evokedOAEs (TEOAEs) in detecting themedial
olivocochlear bundle functioning. SOAE suppression allows
the objective evaluation of cochlear frequency selectivity by
determining the suppression tuning curves.16 A case study
by Penner17 also illustrates the evidence for the possible link
between SOAEs and tinnitus generation.

While some work has explored the prevalence of SOAEs,
the lack of consensus in the earlier prevalence reports and
underexplored age-related factors highlight the need to
investigate SSOAE in adults and neonates. Additionally, the
characterization of SOAEs is relevant in addressing gaps in
existing knowledge. Further, many studies in the literature
that have reported the prevalence and characteristics of
SOAE have used the traditional method of recording SOAE
in a nonsynchronized manner. Synchronized SOAEs are
explored less regarding their prevalence and characteristics,
especially in neonates. Given that most commercially avail-
able OAE devices now incorporate SSOAEs as part of their
recording protocols and the lack of studies focusing on neo-
nates using SSOAEs, the current study was designed to
explore the characteristics of SSOAEs in both adults and
neonates. It was also interesting to compare the prevalence
and amplitude of SSOAE in Indian neonates and adults.

Methods

The present study employed a between-group comparative
research design and was conducted in the audiology and
speech-language pathology department of a tertiary hospital

in Karnataka, India. The recording environment had ambient
noise levels well within the limits of ANSI 3.0.18

Participants
Ninety-two neonates (<3 days old; mean age¼2.62�0.34
days; 42 females; 184 ears) and 100 adults (age 18–25 years;
mean age¼22.67�2.12 years; 62 females; 200 ears) were
recruited as participants based on convenience sampling. All
neonates in the present study had Appearance, Pulse, Gri-
mace, Activity, and Respiration (APGAR) scores greater than
4 and 6, respectively, at 1 and 5minutes after birth.19 Further,
all the neonates were screened using the high-risk register
(HRR) for medical persons tapping prenatal, perinatal, and
postnatal history.20 A detailed audiological history was
obtained from the adult participants to rule out the presence
of any significant medical or otological history. All the
participants selected for the study had normal outer hair
cell functioning, confirmed using 83dB peak SPL click-
evoked TEOAEs at test frequencies of 1,000, 1,414, 2,000,
2,828, and 4,000Hz. The TEOAEs were considered present if
the signal-to-noise ratio (SNR) at three adjacent test fre-
quencies was greater than 6dB.11 Before testing, the ear
canals were visually inspected using an otoscope (Welch
Allyn LED Fiber-Optic) to ensure there was no debris or
obstruction.

Procedure
The TEOAEs and SSOAEs were recorded using an Echoport
ILO 292 (Otodynamics Inc, Switzerland) in a sound-treated
room. The adult participantsweremade to sit comfortablyon
a chair, whereas the neonates were made to lie on a cradle
while recording. The OAE recording probe was inserted deep
into the participant’s ear canal, and a hermetic seal was
ensured. To record TEOAEs, the stimulus sound pressure level
in the ear canal was adjusted to 80dB peak SPL using the
auto-adjust function, and260sweepsofclickswerepresented.
After the stimulus was presented, the sound level in the ear
canal was recorded for 20 milliseconds. Once TEOAEs were
confirmed, low-level clickswere given to record synchronized
SOAEs and a recording window of 80 milliseconds was used.
The recorded power spectrum in the 60- to 80-millisecond
windowwas analyzed for the parameters of interest of SSOAE
as TEOAEs elicited by a click do not persist after 20 milli-
seconds. This recording method is a default setting on the ILO
system by Otodynamics for recording SOAE.

Analysis
►Fig. 1 shows a few SSOAE power spectrum samples
recorded from the study population. The SSOAEs were
considered present if the absolute amplitude was above
the noise floor by 3 dB SPL at each frequency of occurrence.11

The number of individual SSOAE peaks in a recording was
counted and used to classify the ear as having multiple and
single SSOAEs. The power spectrum of SSOAE was catego-
rized into five frequency bins with a bandwidth of 1,000Hz
from 1 up to 6 kHz. The frequency of occurrence of SSOAE in
each frequency bin (1–2, 2–3, 3–4, 4–5, and 5–6 kHz) was
used to obtain the spectral distribution of SSOAEs in adults

Journal of Health and Allied SciencesNU © 2024. The Author(s).

Synchronous Spontaneous Cochlear Emissions in Neonates and Adults Eranna et al.



Effectiveness of Dynamic Neuromuscular
Stabilization Technique in Neurological
Conditions: An Updated Review
Himani Kaushik1 Avi Choudhary1 Mitushi Sharma1

1Department of Physiotherapy, Banarsidas Chandiwala Institute of
Physiotherapy, Affiliated to Guru Gobind Singh Indraprastha
University, Delhi, India

J Health Allied SciNU

Address for correspondence Avi Choudhary, MPT Neurology,
Banarsidas Chandiwala Institute of Physiotherapy, Affiliated to Guru
Gobind Singh Indraprastha University, Delhi 110099, India
(e-mail: avichaudhary@bcip.ac.in).

Introduction

Neurological conditions, both fatal and nonfatal, are signifi-
cant contributors to the global burden of communicable and
noncommunicable diseases.1 Disability-adjusted life years
serve as an important metric for evaluating the global
burden of neurological conditions, and their prevalence
continues to rise worldwide.1 Neurological conditions im-
pact the central nervous system such as nerves, brain, and
spinal cord. Individuals with these conditions face various

sensory, motor, cognitive, and functional challenges, reduc-
ing overall quality of life.1

Cerebrovascular accidents (CVAs)/stroke involve a sud-
den, focal interruption or obstruction in the cerebral blood
flow, leading to neurological deficit. The most common type
is ischemic typically caused by embolism or thrombosis.2

Neurodegenerative disorders influence balance, motor con-
trol, speech, respiratory and heart functions, reading abilities
and cognition.2 Diseases such as Alzheimer’s disease (AD),
Parkinson’s disease (PD), Huntington’s disease, ataxia, and
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Introduction

Anemia is the most common health problem all over the
globe especially in India. There is a significant association of
anemia with morbidity and mortality. Anemia is a condition
where the oxygen-carrying capacity is reduced in the blood
which leads to tissue hypoxia. The World Health Organiza-
tion (WHO) states that worldwide anemia affects 1.62 billion
peoplewhich corresponds to 24.8% of theworld population.1

Laboratory investigations such as the complete blood
count (CBC) and differential white blood cell (WBC) count
are crucial in diagnosing anemia. By these parameters, we
can also diagnose platelet disorders and white cell disorders
such as leukemia, leukemia, and other conditions. For the
past many years, there has been a significant advance in
blood cell analysis, which has shifted from manual proce-
dures to automated instruments, providingmore precise and
reliable results.2

The complete hematological report is mainly based on the
CBC generated by the automated analyzer and peripheral
smear examination by microscopy. The CBC is a basic and
routine test ordered by the consultant physicians nowadays.
It helps evaluate the concentration and gives the number of
various cellular components of blood, such as hemoglobin
(Hb)%, hematocrit, red cell indices, RBC count with differen-
tial count (WBC), platelet count, histograms of RBC, WBC,
mean platelet volume, and red cell distributionwidth (RDW).
In recent days, many laboratories have shifted from tradi-
tional methods in hematology to automated analyzers and
automated data.3

RBC histogram is the diagrammatic representation where
there is a symmetrical bell-shaped curve, and it helps in
better understanding and interpretation of different types of
anemia. But its usefulness is still limited in day-to-day use as
the technologists have little knowledge or unaware of it. Only
a few laboratory technologists have an understanding of
correlation and interpretation.3 Hb distribution width,
RDW, and reticulocyte count are the parameters that have
gained popularity along with scatter plots and histograms as
they provide useful and important information.4–6

Red blood cell (RBC) histograms and RBC indices are very
essential for diagnosing and management of anemia. The
important diagnostic tool for most of the corporate labora-
tories is the histograms which help in analyzing the blood
films routinely. RBC histograms play a major role in the
diagnosis of RBC disorders.7

Anemia causes can be multifactorial in origin. But nutri-
tional deficiency is themost common cause of anemia, and it
is due to deficiency of nutrients such as iron, vitamin B12, or
folic acid. Other clinical conditions which can also lead to
anemia include decreased production of RBCs in disease-
causing bone marrow failure and increased destruction of
RBCs in clinical conditions leading to hemolysis. Therefore,
every patient of anemia should be investigated thoroughly to
find out the cause so that the proper treatment can be
provided based on the underlying cause. However, there is
lack of consistency in the protocols that are followed for the
proper screening of anemia.8–10

Regardless of the latest sophisticated automated instru-
ments present today, we still rely on certain manual techni-
ques and follow them. This studywasplanned and conducted
to notice the relationship between the Sysmex XN 1000
hematology autoanalyzer-generated RBC histogram and
RBC indices and peripheral smear examinations using hu-
man blood samples.

Materials and Methods

The current study was a prospective laboratory-based study
conducted for a duration of 5 months between August 2023
and December 2023, which was performed at a rural tertiary
care center after obtaining an ethical clearance from the
institutional ethical committee. The estimated sample size
was 456 calculated based on a 95% confidence interval, a
margin of error of 4.5%, and a population proportion of 60% to
obtain good results, it was made with a 500 sample size.

Inclusion criteria: All the patients of all age groups diag-
nosed with anemia as per WHO reference range by the
automated analyzer and the peripheral smear were included
in the study.

Exclusion criteria: Anemic patients who have received a
blood transfusion, inadequate quantity of blood sample (<
3mL) for automated analyzer and patients having leukocy-
tosis, leukemoid reaction, leukemia, and platelet disorders
were excluded from the study.

3mL of venous blood samples were collected in an EDTA
vacutainer and processed in the Sysmex XN 1000 five-part
differential hematology analyzer for CBC within 1hour of
blood sample collection. Calibration and quality controlwere
performed according to the manufacturer instructions be-
fore processing test samples.

The RBC indices and histogram for each patient was
recorded from the cell counter and peripheral smear study
were done to correlate the RBC size, which was a fully
automated five-part differential instrument. Peripheral
blood smears (PBSs) were done for all the cases simulta-
neously, and they were stained with Leishman stain. All the
peripheral smearswere reported accordingly for the RBC size
and shape. We also looked for WBC and platelets. Clinical
details of the patient were collected.

All the data obtained were entered into Microsoft Excel
data sheet and using SPSS 22 version software, it was
analyzed. For qualitative data, Pearson’s chi-square test
was used as test of significance. Wherever necessary data
were represented in the form of bar diagrams and charts. The
p-value of <0.05 was considered statistically significant.

Results

A total of 500 cases were included in the study, with the age
range ranging from 1 to 93 years. The majority of the cases
(17.6%) belonged to the age group between 41 and 50 years. In
the study population, the majority were females, which con-
tributed to 576.6% of the total cases. Based on Hb values, cases
were further divided into the following categories: mild (Hb
<11g), moderate (Hb 7–10 g%), and severe (Hb <7 g%).
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Discussion

Thefindings of the present study reveal a significantly higher
prevalence of SSOAE in neonates than in adults. The higher
prevalence of SSOAEs in neonates is in line with the previous
reports12 and can be attributed to thematurational influence
of the efferent system on the outer hair cell activity.22

However, the prevalence of SSOAE in neonates in the current
study is relatively lesser than that reported in previous
studies.7,13 This variance could be due to the timing of SSOAE
recording: the current study recorded SSOAEs within 3 days
of birth, whereas Kok et al13 recorded SSOAEs within 10 days
of birth and Burns et al7 recorded SSOAEs between 10 and
31 days after birth. This suggests a link between SOAEs and
maturational changes, as SOAEs are considered a unique
phenomenon resulting from spontaneous outer hair cell
hyperactivity during the infantile period.23

Further evidence in the literature indicates significant
changes in otoacoustic emission latency with postconception
age, suggesting that SOAEs may serve as a potential marker of
maturational changes in cochlear tuning.24 Furthermore, anal-
ysis of the number of SSOAEs revealed that multiple SSOAEs
were more likely to be present in the newborn group. In
contrast, the adult group exhibited a higher prevalence of
single SSOAEs. The higher prevalence of multiple SSOAEs in
neonates aligns with earlier reports and could be attributed to
the maturational aspects that occur at the beginning of
life.13,22

An analysis of the spectral distribution of SSOAEs in neo-
nates and adults showed a significantly higher prevalence of
SSOAEs in a relatively higher frequency region in neonates
(3–4kHz) than in adults (2–3kHz). The greater concentration
of SSOAEs in the relatively higher frequency region inneonates
is consistent with the previous reports.7,12,13,25 It could be
attributed to theshorter earcanal length inneonates leading to
the shift in resonance to a relatively higher frequency. In
addition to the contribution of the middle ear and external
ear canal resonance, Morlet et al suggested that the higher
concentration of SOAEs in higher frequencies in neonates than
adults could be because of additional noise below 2,500Hz
when testing neonates or maturational changes within the
cochlea or efferent system.22

The present study also reports a significantly higher ampli-
tude of SSOAEs in neonates than in adults, which agrees with
existing literature.13,14,22,25 The higher amplitudes in neo-
nates may be due to the smaller ear canal volume, resulting
in higher sound pressure levels at the ear canal. It could also be
attributed to the incomplete maturation of auditory efferent
pathways, which may lead to the disinhibition of the cochlear
amplifier effect, resulting in higher amplitudes. Future studies
on SSOAEs could consider gender as a variable that could
plausibly have influenced the present findings.

Conclusion

The present study explored the SSOAE characteristics in
neonates and adults. The results reveal a higher prevalence
of SSOAE in neonates than in adults. Multiple SOAEs were

more prevalent than single-frequency SSOAEs in both
groups. The prevalence of SSOAE was highest in frequency
bins of 3 to 4 and 2 to 4 kHz in neonates and adults,
respectively. Further, the amplitude of SSOAE was signifi-
cantly higher in neonates than in adults except at 5 to 6 kHz.
The present study revealed a lesser prevalence of SSOAE in
adults and neonates than in earlier reports. However, no
difference in the spectral characteristics was observed.
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silence subsequent to stimulus delivery for transient evoked
otoacoustic measurement, commonly known as synchro-
nous spontaneous otoacoustic emissions (SSOAEs).5

Despite its early discovery and widespread interest of
researchers, the clinical utility of SOAE remains limited due
to its lower prevalence, lack of consensus in characterization,
and lack of research exploring factors affecting SOAEs. A
plethora of procedural and subject-related factors are known
to influence SSOAEs. Interestingly, the prevalence data have
risen over the years with advancements in the sensitivity of
microphones and procedures. The prevalence of SOAEs is
known to be directly linked with age, with a higher preva-
lence (64%) in neonates compared with adults (30%).6 SOAE
amplitudes and their frequency distribution are also known
to be age-dependent. Burns et al7 and Braun8 reported higher
SOAE amplitudes and a frequency distribution concentrated
upward of 2,500Hz in neonates compared with adults.
Further, few studies have reported the influence of race on
SOAEs.6,9,10 Their reports reveal a significant effect of race on
the prevalence, amplitude, and spectral distribution of
SOAEs. In the Indian context, the prevalence of SOAEs in
adults is 43.5%,11 which is less than the higher prevalence of
61% reported in American adults.7 The prevalence reports
vary among infants from 38%12 to 62%.7 The reported preva-
lence of SOAEs is higher among neonates, ranging from78%13

to 86.5%.14

The potential clinical applications of SOAEs are well
documented in the literature. In a recent study, Mertes15

demonstrated the potential utility of synchronized SSOAEs
over transient-evokedOAEs (TEOAEs) in detecting themedial
olivocochlear bundle functioning. SOAE suppression allows
the objective evaluation of cochlear frequency selectivity by
determining the suppression tuning curves.16 A case study
by Penner17 also illustrates the evidence for the possible link
between SOAEs and tinnitus generation.

While some work has explored the prevalence of SOAEs,
the lack of consensus in the earlier prevalence reports and
underexplored age-related factors highlight the need to
investigate SSOAE in adults and neonates. Additionally, the
characterization of SOAEs is relevant in addressing gaps in
existing knowledge. Further, many studies in the literature
that have reported the prevalence and characteristics of
SOAE have used the traditional method of recording SOAE
in a nonsynchronized manner. Synchronized SOAEs are
explored less regarding their prevalence and characteristics,
especially in neonates. Given that most commercially avail-
able OAE devices now incorporate SSOAEs as part of their
recording protocols and the lack of studies focusing on neo-
nates using SSOAEs, the current study was designed to
explore the characteristics of SSOAEs in both adults and
neonates. It was also interesting to compare the prevalence
and amplitude of SSOAE in Indian neonates and adults.

Methods

The present study employed a between-group comparative
research design and was conducted in the audiology and
speech-language pathology department of a tertiary hospital

in Karnataka, India. The recording environment had ambient
noise levels well within the limits of ANSI 3.0.18

Participants
Ninety-two neonates (<3 days old; mean age¼2.62�0.34
days; 42 females; 184 ears) and 100 adults (age 18–25 years;
mean age¼22.67�2.12 years; 62 females; 200 ears) were
recruited as participants based on convenience sampling. All
neonates in the present study had Appearance, Pulse, Gri-
mace, Activity, and Respiration (APGAR) scores greater than
4 and 6, respectively, at 1 and 5minutes after birth.19 Further,
all the neonates were screened using the high-risk register
(HRR) for medical persons tapping prenatal, perinatal, and
postnatal history.20 A detailed audiological history was
obtained from the adult participants to rule out the presence
of any significant medical or otological history. All the
participants selected for the study had normal outer hair
cell functioning, confirmed using 83dB peak SPL click-
evoked TEOAEs at test frequencies of 1,000, 1,414, 2,000,
2,828, and 4,000Hz. The TEOAEs were considered present if
the signal-to-noise ratio (SNR) at three adjacent test fre-
quencies was greater than 6dB.11 Before testing, the ear
canals were visually inspected using an otoscope (Welch
Allyn LED Fiber-Optic) to ensure there was no debris or
obstruction.

Procedure
The TEOAEs and SSOAEs were recorded using an Echoport
ILO 292 (Otodynamics Inc, Switzerland) in a sound-treated
room. The adult participantsweremade to sit comfortablyon
a chair, whereas the neonates were made to lie on a cradle
while recording. The OAE recording probe was inserted deep
into the participant’s ear canal, and a hermetic seal was
ensured. To record TEOAEs, the stimulus sound pressure level
in the ear canal was adjusted to 80dB peak SPL using the
auto-adjust function, and260sweepsofclickswerepresented.
After the stimulus was presented, the sound level in the ear
canal was recorded for 20 milliseconds. Once TEOAEs were
confirmed, low-level clickswere given to record synchronized
SOAEs and a recording window of 80 milliseconds was used.
The recorded power spectrum in the 60- to 80-millisecond
windowwas analyzed for the parameters of interest of SSOAE
as TEOAEs elicited by a click do not persist after 20 milli-
seconds. This recording method is a default setting on the ILO
system by Otodynamics for recording SOAE.

Analysis
►Fig. 1 shows a few SSOAE power spectrum samples
recorded from the study population. The SSOAEs were
considered present if the absolute amplitude was above
the noise floor by 3 dB SPL at each frequency of occurrence.11

The number of individual SSOAE peaks in a recording was
counted and used to classify the ear as having multiple and
single SSOAEs. The power spectrum of SSOAE was catego-
rized into five frequency bins with a bandwidth of 1,000Hz
from 1 up to 6 kHz. The frequency of occurrence of SSOAE in
each frequency bin (1–2, 2–3, 3–4, 4–5, and 5–6 kHz) was
used to obtain the spectral distribution of SSOAEs in adults
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Introduction

Neurological conditions, both fatal and nonfatal, are signifi-
cant contributors to the global burden of communicable and
noncommunicable diseases.1 Disability-adjusted life years
serve as an important metric for evaluating the global
burden of neurological conditions, and their prevalence
continues to rise worldwide.1 Neurological conditions im-
pact the central nervous system such as nerves, brain, and
spinal cord. Individuals with these conditions face various

sensory, motor, cognitive, and functional challenges, reduc-
ing overall quality of life.1

Cerebrovascular accidents (CVAs)/stroke involve a sud-
den, focal interruption or obstruction in the cerebral blood
flow, leading to neurological deficit. The most common type
is ischemic typically caused by embolism or thrombosis.2

Neurodegenerative disorders influence balance, motor con-
trol, speech, respiratory and heart functions, reading abilities
and cognition.2 Diseases such as Alzheimer’s disease (AD),
Parkinson’s disease (PD), Huntington’s disease, ataxia, and
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Introduction

Anemia is the most common health problem all over the
globe especially in India. There is a significant association of
anemia with morbidity and mortality. Anemia is a condition
where the oxygen-carrying capacity is reduced in the blood
which leads to tissue hypoxia. The World Health Organiza-
tion (WHO) states that worldwide anemia affects 1.62 billion
peoplewhich corresponds to 24.8% of theworld population.1

Laboratory investigations such as the complete blood
count (CBC) and differential white blood cell (WBC) count
are crucial in diagnosing anemia. By these parameters, we
can also diagnose platelet disorders and white cell disorders
such as leukemia, leukemia, and other conditions. For the
past many years, there has been a significant advance in
blood cell analysis, which has shifted from manual proce-
dures to automated instruments, providingmore precise and
reliable results.2

The complete hematological report is mainly based on the
CBC generated by the automated analyzer and peripheral
smear examination by microscopy. The CBC is a basic and
routine test ordered by the consultant physicians nowadays.
It helps evaluate the concentration and gives the number of
various cellular components of blood, such as hemoglobin
(Hb)%, hematocrit, red cell indices, RBC count with differen-
tial count (WBC), platelet count, histograms of RBC, WBC,
mean platelet volume, and red cell distributionwidth (RDW).
In recent days, many laboratories have shifted from tradi-
tional methods in hematology to automated analyzers and
automated data.3

RBC histogram is the diagrammatic representation where
there is a symmetrical bell-shaped curve, and it helps in
better understanding and interpretation of different types of
anemia. But its usefulness is still limited in day-to-day use as
the technologists have little knowledge or unaware of it. Only
a few laboratory technologists have an understanding of
correlation and interpretation.3 Hb distribution width,
RDW, and reticulocyte count are the parameters that have
gained popularity along with scatter plots and histograms as
they provide useful and important information.4–6

Red blood cell (RBC) histograms and RBC indices are very
essential for diagnosing and management of anemia. The
important diagnostic tool for most of the corporate labora-
tories is the histograms which help in analyzing the blood
films routinely. RBC histograms play a major role in the
diagnosis of RBC disorders.7

Anemia causes can be multifactorial in origin. But nutri-
tional deficiency is themost common cause of anemia, and it
is due to deficiency of nutrients such as iron, vitamin B12, or
folic acid. Other clinical conditions which can also lead to
anemia include decreased production of RBCs in disease-
causing bone marrow failure and increased destruction of
RBCs in clinical conditions leading to hemolysis. Therefore,
every patient of anemia should be investigated thoroughly to
find out the cause so that the proper treatment can be
provided based on the underlying cause. However, there is
lack of consistency in the protocols that are followed for the
proper screening of anemia.8–10

Regardless of the latest sophisticated automated instru-
ments present today, we still rely on certain manual techni-
ques and follow them. This studywasplanned and conducted
to notice the relationship between the Sysmex XN 1000
hematology autoanalyzer-generated RBC histogram and
RBC indices and peripheral smear examinations using hu-
man blood samples.

Materials and Methods

The current study was a prospective laboratory-based study
conducted for a duration of 5 months between August 2023
and December 2023, which was performed at a rural tertiary
care center after obtaining an ethical clearance from the
institutional ethical committee. The estimated sample size
was 456 calculated based on a 95% confidence interval, a
margin of error of 4.5%, and a population proportion of 60% to
obtain good results, it was made with a 500 sample size.

Inclusion criteria: All the patients of all age groups diag-
nosed with anemia as per WHO reference range by the
automated analyzer and the peripheral smear were included
in the study.

Exclusion criteria: Anemic patients who have received a
blood transfusion, inadequate quantity of blood sample (<
3mL) for automated analyzer and patients having leukocy-
tosis, leukemoid reaction, leukemia, and platelet disorders
were excluded from the study.

3mL of venous blood samples were collected in an EDTA
vacutainer and processed in the Sysmex XN 1000 five-part
differential hematology analyzer for CBC within 1hour of
blood sample collection. Calibration and quality controlwere
performed according to the manufacturer instructions be-
fore processing test samples.

The RBC indices and histogram for each patient was
recorded from the cell counter and peripheral smear study
were done to correlate the RBC size, which was a fully
automated five-part differential instrument. Peripheral
blood smears (PBSs) were done for all the cases simulta-
neously, and they were stained with Leishman stain. All the
peripheral smearswere reported accordingly for the RBC size
and shape. We also looked for WBC and platelets. Clinical
details of the patient were collected.

All the data obtained were entered into Microsoft Excel
data sheet and using SPSS 22 version software, it was
analyzed. For qualitative data, Pearson’s chi-square test
was used as test of significance. Wherever necessary data
were represented in the form of bar diagrams and charts. The
p-value of <0.05 was considered statistically significant.

Results

A total of 500 cases were included in the study, with the age
range ranging from 1 to 93 years. The majority of the cases
(17.6%) belonged to the age group between 41 and 50 years. In
the study population, the majority were females, which con-
tributed to 576.6% of the total cases. Based on Hb values, cases
were further divided into the following categories: mild (Hb
<11g), moderate (Hb 7–10 g%), and severe (Hb <7 g%).
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Discussion

Thefindings of the present study reveal a significantly higher
prevalence of SSOAE in neonates than in adults. The higher
prevalence of SSOAEs in neonates is in line with the previous
reports12 and can be attributed to thematurational influence
of the efferent system on the outer hair cell activity.22

However, the prevalence of SSOAE in neonates in the current
study is relatively lesser than that reported in previous
studies.7,13 This variance could be due to the timing of SSOAE
recording: the current study recorded SSOAEs within 3 days
of birth, whereas Kok et al13 recorded SSOAEs within 10 days
of birth and Burns et al7 recorded SSOAEs between 10 and
31 days after birth. This suggests a link between SOAEs and
maturational changes, as SOAEs are considered a unique
phenomenon resulting from spontaneous outer hair cell
hyperactivity during the infantile period.23

Further evidence in the literature indicates significant
changes in otoacoustic emission latency with postconception
age, suggesting that SOAEs may serve as a potential marker of
maturational changes in cochlear tuning.24 Furthermore, anal-
ysis of the number of SSOAEs revealed that multiple SSOAEs
were more likely to be present in the newborn group. In
contrast, the adult group exhibited a higher prevalence of
single SSOAEs. The higher prevalence of multiple SSOAEs in
neonates aligns with earlier reports and could be attributed to
the maturational aspects that occur at the beginning of
life.13,22

An analysis of the spectral distribution of SSOAEs in neo-
nates and adults showed a significantly higher prevalence of
SSOAEs in a relatively higher frequency region in neonates
(3–4kHz) than in adults (2–3kHz). The greater concentration
of SSOAEs in the relatively higher frequency region inneonates
is consistent with the previous reports.7,12,13,25 It could be
attributed to theshorter earcanal length inneonates leading to
the shift in resonance to a relatively higher frequency. In
addition to the contribution of the middle ear and external
ear canal resonance, Morlet et al suggested that the higher
concentration of SOAEs in higher frequencies in neonates than
adults could be because of additional noise below 2,500Hz
when testing neonates or maturational changes within the
cochlea or efferent system.22

The present study also reports a significantly higher ampli-
tude of SSOAEs in neonates than in adults, which agrees with
existing literature.13,14,22,25 The higher amplitudes in neo-
nates may be due to the smaller ear canal volume, resulting
in higher sound pressure levels at the ear canal. It could also be
attributed to the incomplete maturation of auditory efferent
pathways, which may lead to the disinhibition of the cochlear
amplifier effect, resulting in higher amplitudes. Future studies
on SSOAEs could consider gender as a variable that could
plausibly have influenced the present findings.

Conclusion

The present study explored the SSOAE characteristics in
neonates and adults. The results reveal a higher prevalence
of SSOAE in neonates than in adults. Multiple SOAEs were

more prevalent than single-frequency SSOAEs in both
groups. The prevalence of SSOAE was highest in frequency
bins of 3 to 4 and 2 to 4 kHz in neonates and adults,
respectively. Further, the amplitude of SSOAE was signifi-
cantly higher in neonates than in adults except at 5 to 6 kHz.
The present study revealed a lesser prevalence of SSOAE in
adults and neonates than in earlier reports. However, no
difference in the spectral characteristics was observed.
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silence subsequent to stimulus delivery for transient evoked
otoacoustic measurement, commonly known as synchro-
nous spontaneous otoacoustic emissions (SSOAEs).5

Despite its early discovery and widespread interest of
researchers, the clinical utility of SOAE remains limited due
to its lower prevalence, lack of consensus in characterization,
and lack of research exploring factors affecting SOAEs. A
plethora of procedural and subject-related factors are known
to influence SSOAEs. Interestingly, the prevalence data have
risen over the years with advancements in the sensitivity of
microphones and procedures. The prevalence of SOAEs is
known to be directly linked with age, with a higher preva-
lence (64%) in neonates compared with adults (30%).6 SOAE
amplitudes and their frequency distribution are also known
to be age-dependent. Burns et al7 and Braun8 reported higher
SOAE amplitudes and a frequency distribution concentrated
upward of 2,500Hz in neonates compared with adults.
Further, few studies have reported the influence of race on
SOAEs.6,9,10 Their reports reveal a significant effect of race on
the prevalence, amplitude, and spectral distribution of
SOAEs. In the Indian context, the prevalence of SOAEs in
adults is 43.5%,11 which is less than the higher prevalence of
61% reported in American adults.7 The prevalence reports
vary among infants from 38%12 to 62%.7 The reported preva-
lence of SOAEs is higher among neonates, ranging from78%13

to 86.5%.14

The potential clinical applications of SOAEs are well
documented in the literature. In a recent study, Mertes15

demonstrated the potential utility of synchronized SSOAEs
over transient-evokedOAEs (TEOAEs) in detecting themedial
olivocochlear bundle functioning. SOAE suppression allows
the objective evaluation of cochlear frequency selectivity by
determining the suppression tuning curves.16 A case study
by Penner17 also illustrates the evidence for the possible link
between SOAEs and tinnitus generation.

While some work has explored the prevalence of SOAEs,
the lack of consensus in the earlier prevalence reports and
underexplored age-related factors highlight the need to
investigate SSOAE in adults and neonates. Additionally, the
characterization of SOAEs is relevant in addressing gaps in
existing knowledge. Further, many studies in the literature
that have reported the prevalence and characteristics of
SOAE have used the traditional method of recording SOAE
in a nonsynchronized manner. Synchronized SOAEs are
explored less regarding their prevalence and characteristics,
especially in neonates. Given that most commercially avail-
able OAE devices now incorporate SSOAEs as part of their
recording protocols and the lack of studies focusing on neo-
nates using SSOAEs, the current study was designed to
explore the characteristics of SSOAEs in both adults and
neonates. It was also interesting to compare the prevalence
and amplitude of SSOAE in Indian neonates and adults.

Methods

The present study employed a between-group comparative
research design and was conducted in the audiology and
speech-language pathology department of a tertiary hospital

in Karnataka, India. The recording environment had ambient
noise levels well within the limits of ANSI 3.0.18

Participants
Ninety-two neonates (<3 days old; mean age¼2.62�0.34
days; 42 females; 184 ears) and 100 adults (age 18–25 years;
mean age¼22.67�2.12 years; 62 females; 200 ears) were
recruited as participants based on convenience sampling. All
neonates in the present study had Appearance, Pulse, Gri-
mace, Activity, and Respiration (APGAR) scores greater than
4 and 6, respectively, at 1 and 5minutes after birth.19 Further,
all the neonates were screened using the high-risk register
(HRR) for medical persons tapping prenatal, perinatal, and
postnatal history.20 A detailed audiological history was
obtained from the adult participants to rule out the presence
of any significant medical or otological history. All the
participants selected for the study had normal outer hair
cell functioning, confirmed using 83dB peak SPL click-
evoked TEOAEs at test frequencies of 1,000, 1,414, 2,000,
2,828, and 4,000Hz. The TEOAEs were considered present if
the signal-to-noise ratio (SNR) at three adjacent test fre-
quencies was greater than 6dB.11 Before testing, the ear
canals were visually inspected using an otoscope (Welch
Allyn LED Fiber-Optic) to ensure there was no debris or
obstruction.

Procedure
The TEOAEs and SSOAEs were recorded using an Echoport
ILO 292 (Otodynamics Inc, Switzerland) in a sound-treated
room. The adult participantsweremade to sit comfortablyon
a chair, whereas the neonates were made to lie on a cradle
while recording. The OAE recording probe was inserted deep
into the participant’s ear canal, and a hermetic seal was
ensured. To record TEOAEs, the stimulus sound pressure level
in the ear canal was adjusted to 80dB peak SPL using the
auto-adjust function, and260sweepsofclickswerepresented.
After the stimulus was presented, the sound level in the ear
canal was recorded for 20 milliseconds. Once TEOAEs were
confirmed, low-level clickswere given to record synchronized
SOAEs and a recording window of 80 milliseconds was used.
The recorded power spectrum in the 60- to 80-millisecond
windowwas analyzed for the parameters of interest of SSOAE
as TEOAEs elicited by a click do not persist after 20 milli-
seconds. This recording method is a default setting on the ILO
system by Otodynamics for recording SOAE.

Analysis
►Fig. 1 shows a few SSOAE power spectrum samples
recorded from the study population. The SSOAEs were
considered present if the absolute amplitude was above
the noise floor by 3 dB SPL at each frequency of occurrence.11

The number of individual SSOAE peaks in a recording was
counted and used to classify the ear as having multiple and
single SSOAEs. The power spectrum of SSOAE was catego-
rized into five frequency bins with a bandwidth of 1,000Hz
from 1 up to 6 kHz. The frequency of occurrence of SSOAE in
each frequency bin (1–2, 2–3, 3–4, 4–5, and 5–6 kHz) was
used to obtain the spectral distribution of SSOAEs in adults
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