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Artificial Intelligence in Healthcare: A Critical Moment for

Responsible Transformation

Seray Oney Doganyigit!, ® Elgiz Yilmaz Altuntas?

Tistanbul Bilgi University, Faculty of Communication, Department of Public Relations and Publicity, istanbul, Tiirkiye
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INTRODUCTION

Artificial intelligence (Al) is rapidly reshaping the global healthcare
landscape. As rising costs, aging populations, chronic disease
burden, and workforce shortages intensify pressure on health
systems, Al has emerged as a powerful catalyst for innovation.
From clinical applications—such as diagnosticimaging, pathology,
and robotic surgery—to administrative automation and predictive
analytics, Alis now embedded across multiple layers of healthcare.

However, its accelerated adoption also raises urgent questions
regarding ethics, regulation, liability, data security, and workforce
implications. This editorial synthesizes current evidence on Al's
transformative potential while highlighting critical risks that
must be addressed to ensure safe, equitable, and sustainable
integration—an imperative especially relevant for healthcare
systems across Europe and the Balkans.

The recent emergence of specialized generative Al frameworks,
such as OpenAl's healthcare-focused initiatives, represents a
pivotal shift from analytical tools to interactive clinical intelligence.
While these large language models (LLMs) offer unprecedented
support in reducing administrative burnout and enhancing clinical
decision-making, they also amplify the necessity for rigorous
“human-in-the-loop” governance—particularly in linguistically
and structurally diverse regions like the Balkans.

Al's Expanding Role in Healthcare Administration

Administrative complexity contributes significantly to inefficiency,
delays, and clinician burnout. Al-supported tools offer powerful
opportunities to reduce this burden by automating routine tasks,
flagging errors, and improving patient flow.

Streamlining Documentation and EHR Processes

Natural language processing systems now transcribe clinical
encounters, generate documentation, and organize electronic
health record (EHR) data with increasing accuracy, reducing
manual workload (1). Predictive analytics integrated into EHRs can
identify high-risk patients, enabling proactive intervention and
improved resource allocation.

Improving Patient Flow and Emergency Response

Al-driven patient flow models have demonstrated improved bed
utilization and reduced hospital congestion (2). In emergency
settings, Internet of Things-enabled monitoring and Al-based
triage algorithms can shorten ambulance response times and
accelerate critical interventions (3).

Such applications are particularly relevant in low-resource or
geographically dispersed health systems where staff shortages
remain acute.

Al-supported Remote and Preventive Care

Virtual health assistants and remote monitoring systems represent
a major shift toward decentralized care. Al-enabled platforms
assist patients with medication adherence, symptom tracking,
appointment reminders, and chronic disease monitoring (4).

Examples such as "Florence”, a virtual nursing assistant, illustrate
how Al can extend clinical support beyond traditional settings (5).
These tools promote treatment adherence, reduce unnecessary
hospital visits, and enhance preventive care—outcomes especially
valuable in chronic disease management and elderly populations.
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Clinical Applications with Significant Impact

Early Diagnosis and Cancer Detection

Early detection remains one of Al's most successful domains.
Deep learning models have matched dermatologist-level
accuracy in classifying skin lesions (6) and achieved high
performance in interpreting mammography images (7). Machine
learning algorithms have also shown promise in predicting tumor
recurrence using large-scale pathological datasets (8).

These tools offer substantial benefits in countries facing limited
specialist availability or uneven distribution of diagnostic services.

Radiology and Imaging

Radiology has become a central testing ground for Al innovation.
Al-enhanced ultrasound systems now identify anatomical
structures in real time and provide differential diagnosis support,
improving accuracy and efficiency in lung and obstetric imaging.

Machine learning algorithms have also been successfully applied
to maternal health, predicting postpartum depression and fetal
anomalies using EHR data (9). These innovations highlight Al’s
potential to support maternal and perinatal care, which remains
an ongoing challenge in many regions.

OpenAl's next-generation models appear capable of analyzing
text, audio, and images simultaneously (for example, audio
clinical notes alongside radiology images). These features, which
support the concept of interactive clinical intelligence, exemplify
how Al is no longer a passive tool but an active “clinical partner”.

Robotic Surgery and Clinical Robotics

Surgical robotics continues to expand rapidly. Systems such
as the da Vinci Surgical System offer reduced complications,
shorter hospital stays, and improved surgeon ergonomics (10).
Al-powered robotic platforms also assist with routine tasks,
medication delivery, and early sepsis detection, increasing safety
in intensive care settings (11).

Drug Discovery and Precision Medicine

Al accelerates drug discovery through rapid target identification,
molecular modeling, and drug repurposing. Partnerships between
industry and Al firms—such as GlaxoSmithKline and Exscientia—
have reduced development timelines by up to 75% (12).

Al-supported pharmacogenomics enables personalized medicine
by predicting individual responses to medications, including
psychopharmacological treatments (13). These advances promise
to reduce trial-and-error prescribing and improve treatment
outcomes.

Challenges and Risks of Accelerated Al Adoption

Despite its potential, Al introduces substantial risks that must be
managed through careful oversight.

Workforce Displacement and Skill Shifts

While Al reduces clinician workload, it also automates tasks
previously performed by healthcare professionals. This shift may
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result in job displacement or require reskilling, potentially creating
anxiety and resistance within the workforce (7).

Loss of Humanistic Care

Al cannot replicate empathy, emotional intelligence, or relational
communication. Overreliance on automation risks weakening the
doctor-patient relationship, especially in communities where trust
in healthcare providers is culturally significant (14).

Bias, Inequity, and Fairness

Al models trained on biased datasets may perpetuate or
exacerbate inequalities in diagnosis, treatment recommendations,
and recruitment (4). Ensuring diverse and representative data is
essential for equitable Al performance.

High Implementation Costs and Security Risks

Deployment of Al systems requires significant investment
in infrastructure, workforce training, and cybersecurity. Data
breaches remain a major concern, particularly as health systems
across the Balkans modermnize digital platforms (7).

Beyondtraditional data security, the rise of specialized generative
Al—exemplified by OpenAl’s healthcare frameworks—
introduces the challenge of epistemic security. As LLMs
transition from analytical tools to interactive clinical partners,
the risk of "hallucinations”—the generation of plausible but
medically inaccurate information—poses a direct threat to the
integrity of medical knowledge. In regions with diverse linguistic
landscapes, such as the Balkans, ensuring that Al-driven
health communication maintains cognitive cybersecurity and
prevents the spread of algorithmic disinformation is paramount.
Therefore, responsible transformation must prioritize not
only the technical accuracy of Al but also the protection of
the information ecosystem in which clinicians and patients
interact. It may be argued that the risk of Al-generated medical
disinformation (hallucinations) infiltrating clinical decision-
making processes is not only a data security issue but also an
information security issue.

Legal and Ethical Uncertainty

Perhaps the most pressing challenge is liability. When Al-
generated recommendations or robotic procedures cause
harm, it is unclear whether responsibility lies with developers,
healthcare providers, or institutions. This ambiguity underscores
the need for standardized regulatory frameworks. For example,
the European Union Al Law, which has been frequently cited,
addresses not only the “mistakes” that Al makes but also
the possibility of presenting misinformation as “correct”,
thus highlighting the risk of Al tools disrupting the medical
information ecosystem (15).

Toward Responsible and Equitable Al Integration

Al's future in healthcare depends not on technological
capability alone, but on governance, transparency, and ethical
stewardship.
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Regulation and Governance

Countries must implement regulatory frameworks that address:
e Algorithmic transparency

e Data protection and privacy

e Clinical validation requirements

e Accountability and liability

e Safety monitoring throughout the system lifecycle

Without these safeguards, Al risks undermining public trust and
exacerbating inequities.

Human Oversight and Clinical Expertise

Al should augment—not replace—clinicians. Human-in-the-
loop models ensure contextual judgment, empathy, and moral
reasoning remain central to healthcare delivery. Although Al
is known to be incapable of empathy, simulations of “scalable
empathy” suggest it could play a supportive role in patient
communication (for example, in triage or chronic disease
monitoring) (16). According to Schneiders and van der Graaf
(17), traditional empathy is a process where one person senses
another’s feelings, but it is resource-limited (requiring time and
energy) and can be tiring (burnout). Scalable empathy, on the
other hand, is the simulation of this process at a behavioral level
through Al, enabling it to be delivered to millions of patients
simultaneously and seamlessly.

Inclusive and Representative Data

Developers must prioritize datasets reflecting diverse populations,
ensuring Al systems perform equitably across gender, ethnicity,
age, and socioeconomic groups.

Workforce Training and System Preparedness

Healthcare professionals need training in digital literacy, Al
interpretation, and ethical use. Health systems must also assess
their readiness for technological integration, considering financial,
infrastructural, and cultural factors.

CONCLUSION

Al offers extraordinary promise. It can reduce errors, accelerate
diagnosis, automate administrative tasks, support overextended
workforces, and promote personalized care. Yet without ethical
safeguards, regulatory clarity, and equitable implementation, it
risks amplifying disparities and creating new vulnerabilities.

Healthcare stands at a pivotal moment. The goal is not merely
to adopt Al technologies but to ensure they strengthen the
foundations of care—safety, equity, empathy, and trust. A future
where Al enhances healthcare for all will require deliberate,
responsible, and collaborative action across the global health
community.

Oney Doganyigit and Yilmaz Altuntas.
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ABSTRACT

Objective: The aim of the study is to determine the need for voice therapy after type 3 thyroplasty surgery by using the voice self-assessment method.

Methods: A total of 31 male patients who underwent type 3 thyroplasty and 31 male control subjects without voice or pitch complaints were included.
Each group’s Turkish Voice Handicap Index-10 and Turkish Self-evaluation of Voice Quality Survey were administered online.

Results: There are statistically significant differences between surgery and control groups in both total and subgroup scores of the Turkish Voice
Handicap Index-10 Scale and the Turkish Self-evaluation of Voice Quality Survey.

Conclusion: Individuals who have undergone a voice-deepening procedure experience emotional, physical, and functional problems related to their
voice. In these patients, voice therapy in support of surgery is necessary to prevent potential hypofunction, improve voice quality, and preserve vocal

health.

Keywords: Laryngeal surgery, pitch perception, throplasty, voice disorders, voice training, voice quality

INTRODUCTION

Voice plays a role not only in conveying verbal language to the
listener but also in conveying emotions and thoughts. Voice
should correspond to a person’s age and gender, as it significantly
reflects personality, behavior, and mood, and is an important
secondary sexual characteristic (1). The relationship between
voice and gender involves pitch, intonation, resonance, timbre,
articulation, breathiness, intensity, and non-verbal communication.
Having a tone of voice perceived as unsuitable for one’s gender
or appearance can adversely affect social and professional life as
well as one's quality of life (2). Lowering the pitch of the voice is the
primary treatment goal for individuals who have resisted at least
three months of voice therapy, those with puberphonia, sulcus
vocalis, vocal fold atrophy, vocal fold scar, various constitutional
voice disorders, trans males who desire a masculine voice but do
not want hormone therapy or who have insufficient pitch drop
despite androgen therapy, and men who, for personal reasons,
want to lower their pitch without a pathological condition (3,4).

Type 3 thyroplasty is performed to lower voice pitch (5). It reduces
the tension of the vocal folds, leading to a lower fundamental
frequency and a deeper voice quality. The effectiveness of type
3 thyroplasty has been well demonstrated in the literature (4,6-
10). To our knowledge, the need for postoperative voice therapy
has not been studied. To determine treatment approaches for
lowering voice pitch in individuals with high-pitched voices, Kizilay
and Firat (11) used a voice assessment form and found that voice-
related emotional problems were high before treatment, whereas
physical scores were high after treatment, indicating that patients
had difficulty using their new voices. The aim of this study is to
investigate whether individuals require voice therapy after type 3
thyroplasty. For this purpose, the Turkish Voice Handicap Index-10
(TVHI-10) and the Turkish Self-evaluation of Voice Quality Survey
(T-SVQS) (Appendix 1) will be used to investigate individuals’
emotional, physical, and functional problems related to their
voice in their daily lives after type 3 thyroplasty.
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METHODS

Study Desing and Participants

The study was conducted between 2018 and 2023, and included
31 male native Turkish-speaking patients who sought medical
attention for a complaint of a high-pitched voice and underwent
surgical intervention. Their ages ranged from 20-53 years (mean
age 33.39+8.1 years). Postoperative duration was classified into
three categories: 19 patients underwent voice-deepening surgery
more than 12 months previously, 6 patients underwent voice-
deepening surgery between 6 and 12 months previously, and the
remaining 6 patients underwent voice-deepening surgery less
than 6 months previously. The second author carried out all the
surgeries. Among these patients, one had puberphonia, 14 had
sulcus vocalis, and 16 received a diagnosis of constitutional high-
pitched voice.

Surgical Procedure and Voice Assessment
Instruments

All the subjects were examined by means of laryngostroboscopy,
and a diagnosis of sulcus vocalis was made when there was a
channel or stria that ran parallel to the free edge of the vocal
folds, causing unilateral or bilateral glottal incompetence, with
decreased or even absent glottal wave amplitude over the lesion.
All patients in the surgical group underwent type 3 thyroplasty
performed by the same experienced laryngologist to ensure
standardization. The procedure was conducted under local
anesthesia with sedation. After a horizontal cervical incision at
the level of the thyroid cartilage, a small rectangular window
was created in the thyroid lamina. The anterior portion of the
thyroid cartilage was then approximated to shorten and relax
the vocal folds, thereby lowering the pitch. No intraoperative or
postoperative complications were observed. The control group
consists of 31 individuals matched for age and gender. Control
participants did not undergo laryngoscopy; however, all denied
vocal symptoms or pitch-related complaints. The exclusion
criteria for both the surgery and control groups include being a
professional voice user, having extralaryngeal pathology, being
female, having previously received voice therapy, and having
systemic and/or pulmonary diseases. In this experimental study,
voluntary participants were directed, via an online survey, to
complete the TVHI-10 scale and the T-SVQS, which were prepared
in accordance with the subject and purpose of the study.

Statistical Analysis

All data analyses were conducted using SPSS version 25.0
(IBM Corp., Armonk, NY, USA). The normality of quantitative
variables was assessed using the Shapiro-Wilk test. For non-
normally distributed data (p<0.05), non-parametric statistical
tests were used. Descriptive statistics were reported as median
+ interquartile range [(IQR), Q1-Q3] for non-normally distributed
data and as mean = standard deviation (SD) for normally
distributed data. The IQR value is equal to the diffirence between
Q3 and Q1. The Mann-Whitney U test was used for comparisons
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between two independent groups, and the Kruskal-Wallis test
was used for comparisons among more than two groups. For
categorical variables, chi-square tests were performed. The
internal consistency of the scales was evaluated using Cronbach’s
alpha coefficient. Construct validity was assessed with exploratory
factor analysis (EFA) using Varimax rotation. The Kaiser-Meyer-
Olkin (KMO) measure and Bartlett's test of sphericity were used
to assess sampling adequacy and the suitability of the correlation
matrix for factor analysis, respectively. A p-value of <0.05 was
considered statistically significant. The number of participants in
each subgroup (n) was clearly stated in all comparison tables.

Participant Information Sheet and Informed Consent
Form

This study, titled “Investigation of the Need for Voice Therapy
Following Voice Deepening Surgery Using the Self-Assessment
Method of Voice,” aims to evaluate the self-perceptions of
patients who underwent type 3 thyroplasty for voice-deepening
and did not receive postoperative voice therapy. The study seeks
to assess whether there is a need for voice therapy after surgery
based on these self-assessments.

Voluntary participants will be asked to evaluate the quality of
their voice and the impact of their voice on quality of life. Voice
assessments are typically categorized as objective or subjective.
Self-assessment, a form of subjective evaluation, is important
because it helps identify the individual's perception of their
condition and of the significance of the problem in their life. The
purpose of self-assessment is to understand the extent of deviation
in voice quality, the impact on professional and social life, and the
possible emotional reactions related to voice disorders.

Self-assessment tools are also useful in determining the
effectiveness of treatment by measuring how much the difficulties
caused by a voice disorder have been alleviated. Among the
available self-assessment tools, the most widely used is the VHI.
The VHI-10, a shortened version, is a 10-item instrument with a
5-point Likert scale (O=never, 4=always). A higher total score or
item score indicates a greater impact of the voice problem on the
individual’s quality of life.

Another important dimension in voice evaluation is how voice
quality is perceived by both the individual and others in their
environment. To address this, a 10-question SVQS, developed
specifically for this study, will be used. Participants will assess their
current voice pitch, quality, loudness, and strength by choosing
among the options: “always,” “never,” or “sometimes.”

While the VHI-10 will evaluate the impact of voice on quality of
life, the SVQS will assess participants’ perception of their voice.

The purpose of this study is to emphasize the need for voice
therapy following voice-deepening surgery to stabilize the
achieved fundamental frequency, improve voice quality and
quality of life, prevent potential hypofunction, increase vocal
loudness, and reduce air leakage and vocal fatigue. This study
also aims to contribute to the limited literature on this topic.
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Participants in the experimental group were adult Turkish-
speaking male patients (n=31) who underwent type 3 thyroplasty
for pitch lowering between 2018-2023. An age- and gender-
matched control group (n=31) was also recruited.

Participants will receive an informed consent form, a personal
information form, the VHI-10, and the SVQS via email, using the
online platform Google Forms. It is estimated that completing the
forms will take approximately 5-10 minutes.

There are no known risks or undesirable effects associated with
participation in this retrospective, descriptive study. This study
aims to investigate whether voice-deepening surgery through
self-assessment of voice.

Your participation in this study is completely voluntary, and you
have the right to refuse to participate. You may withdraw from
the study at any time by notifying the researcher. The researcher
also reserves the right to exclude you from the study if necessary.
Refusing to participate in or withdrawing from the study will not
affect your medical care or your relationship with your physician.

You will not incur any financial costs as part of this study, nor will
you receive payment for your participation.

Any data collected from you will be used solely for the purposes
of this study. Your identity and confidentiality will be protected
throughout all stages of the research.

Participant Declaration

| have been informed about a scientific research study to be
conducted by the responsible research team. | have received
detailed information regarding the purpose, methods, and
procedures of the study. | have been invited to participate as a
volunteer.

| understand that any personal or medical information shared
during this study will be treated with strict confidentiality and
used solely for educational and scientific purposes, ensuring full
respect for my privacy.

| am aware that | may withdraw from the study at any time without
providing a reason. | also acknowledge that the research team
may withdraw me from the study if medically necessary, and that
this will not cause any harm to my health.

I will not be held financially responsible for any part of the
study, and | understand that | will not receive payment for my
participation. In the event of any health issues arising directly or
indirectly from the study, | have been assured that all necessary
medical interventions will be provided at no cost to me.

I 'understand that | may contact the research team at any time if
| have questions or experience any health concerns during the
studly.

| confirm that | have not been pressured or coerced into
participating, and that my refusal to participate will not affect my
medical treatment or relationship with healthcare providers.

Having understood all the information provided and after
allowing myself sufficient time to consider it, | voluntarily agree to
participate in this study.
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Ethics Approval

This study was reviewed and approved by the Non-Interventional
Scientific Research Ethics Committee of Istanbul Atlas University
(approval no: E-22686390-050.99-28121, date: 15.06.2023). The
research titled “Investigating the Need for Voice Therapy After
Voice Deepening Surgery Through the Method of Self-Assessment
of Voice"” was found to be ethically appropriate. All procedures
were carried out in accordance with relevant guidelines and
regulations. Informed consent was obtained form all individual
participants included in the study.

RESULTS

The Shapiro-Wilk test indicated that the quantitative data
normally distributed (p<0.05); therefore, non-
parametric statistical tests were applied for all analyses.

were not

The surgery group (n=31) and the control group (n=31) differed
significantly in both total and subgroup scores on the TVHI-10 and
the T-SVQS (Mann-Whitney U test, p<0.001). A cut-off value of 211
points was considered indicative of a voice handicap, based on
the Turkish validation study by Kiyak et al. (12). The mean + SD of
the total TVHI-10 score was 14.26+11.00 (median=14, range 0-36)
in the surgery group and 1.94£2.98 (median=1, range 0-12) in the
control group. The difference between groups was statistically
significant(Mann-Whitney Utest, p<0.001). Accordingtothe Turkish
validation study, a cut-off value of 211 on the TVHI-10 indicates the
presence of a clinically significant voice handicap. Based on this
threshold, 17 of 31 patients (54.8%) in the surgery group exceeded
the cut-off, whereas only 2 of 31 (6.5%) in the control group did so.
This finding demonstrates that, despite having undergone type 3
thyroplasty, more than half of patients still reported some degree
of voice handicap, highlighting the importance of subjective voice
evaluation during postoperative follow-up. The median (IQR)
total TVHI-10 score was higher in the surgery group than in the
control group. Similarly, T-SVQS scores were significantly higher
in the surgery group (Mann-Whitney U test, p<0.001; Table 1).
The distribution of responses to each item of the T-SVQS
chi-square  test.  Statistically
significant differences were observed between the surgery
and control groups for items 12,456,789, and 10 (all
p<0.05). Only item 3 did not show a statistically significant
(p>0.05), which suggests
level sensitivity across most survey questions (Table 2).
To explore the relationship between perceived voice quality and
voice handicap in the surgical group, Spearman’s rank correlation
coefficient was used. Strong positive correlations were observed
between the T-SVQS scores and the emotional (r=0.841, p<0.001),
physical (r=0.836, p<0.001), and functional (r=0.814, p<0.001)
subscalesofthe TVHI-10, aswell asthetotal score (r=0.861,p<0.001).
All correlations were statistically significant (p<0.001; Table 3).
The construct validity of the T-SVQS was assessed by EFA. The
data were deemed suitable for factor analysis as indicated by a
KMO value of 0.725 and a significant result in Bartlett's test of
sphericity (x2=152.594, df=45, p<0.001). A single-factor solution
was extracted using Varimax rotation, explaining 63.5% of the total

was analyzed using the

difference consistent  item-
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Table 1. Comparison of scale and survey scores by groups

M (Q3-Q1)
Variant p-value
Surgery (+) (n=31) Surgery (-) (n=31)
Emotional 3 (5-0) 0 (0-0) <0.001*
Physical 3(8-0) 0(0-0) <0.001*
Functional 7 (12-3) 1(2-0) <0.001*
TVHI-10 14 (23-4) 1(2-0) <0.001*
T-SVQS 9 (14-5) 2 (3-1) <0.001*

*: p<0.05 there is a statistically significant difference between groups, n: Number, M: Median, Q1; First quartile (251" percentile), Q3: Third quartile (75" percentile),
T-SVQS: Turkish Self-evaluation of Voice Quality Survey, TVHI-10: Turkish Voice Handicap Index-10

Table 2. Comparison of Turkish Self-evaluation of Voice Quality Survey questionnaries by groups

Group
Variant Group n/% Surgery (+) Surgery (-) Total x? p-value
(n=31) (n=31)
Q1: Do you think that your voice Never n/% 6/19.4% 0/0.0% 6/9.7%
pitch is deep enough for your ¢ o0 /% 17/54.8% 5/16.1% 22/355% 25268  <0.001*
age. gender. work and social
life? Always n/% 8/25.8% 26/83.9% 34/54.8%
Q2: Does the pitch of your voice Never n/% 15/48.4% 30/96.8% 45/72.6%
prevent you from practicing your Sometimes n/% 14/45.2% 1/3.2% 15/24.2% 21.316  <0.001*
profession? Always n/% 2/6.5% 0/0.0% 2/3.2%
Q3: Is your voice perceived Never n/% 23/74.2% 27/87.1% 50/80.6%
differently on the phone than Sometimes n/% 6/19.4% 4/12.9% 10/16.1% 3.496 >0.05
your gender identifies? Always /% 216.5% 0/0.0% 2/3.2%
Q4: Do you ever have trouble Never n/% 6/19.4% 24177 4% 30/48.4%
controlling the pitch of your Sometimes n/% 21/67.7% 7/22.6% 28/45.2% 24435  <0.001*
VY Always n/% 4/12.9% 0/0.0% 4/6.5%
Q5: Do you ever experience a Never n/% 10/32.3% 20/64.5% 30/48.4%
high pitched voice? Sometimes n/% 15/48.4% 11/35.5% 26/41.9% 12.334  <0.01*
Always n/% 6/19.4% 0/0.0% 6/9.7%
Qé6: Does your voice sound Never n/% 9/29.0% 18/58.1% 27/43.5%
hoarse to you or to those around Sometimes n/% 13/41.9% 13/41.9% 26/41.9% 15.535  <0.001*
e Always n/% 9/29.0% 0/0.0% 9/14.5%
Never n/% 8/25.8% 14/45.2% 22/35.5%
Q7: Do you experience vocal Sometimes n/% 14/45.2% 17/54.8% 31/500% 14425  <0.001*
fatigue when speaking?
Always n/% 9/29.0% 0/0.0% 9/14.5%
Never n/% 15/48.4% 26/83.9% 41/66.1%
Q8: Do you ever feel breathiness ¢ o /% 11/35.5% 5/16.1% 16/258% 12225 <0.01%
in your voice?
Always n/% 5/16.1% 0/0.0% 5/8.1%
Q9: Do you have problems Never n/% 9/29.0% 26/83.9% 35/56.5%
shetigflag) Gue laueluass el Sometimes /% 14/45.2% 5/16.1% 19/30.6% 24146  <0001*
volume of your voice (shouting.
whispering. etc.)? Always n/% 8/25.8% 0/0.0% 8/12.9%
Never n/% 6/19.4% 24177 4% 30 /48.4%
@10: Do you ever feel weakness o, ;.o /% 11/35.5% 7/22.6% 18/29.0% 31869  <0001*
In your voice
Always n/% 14/45.2% 0/0.0% 14/22.6%
Total n/% 31/100.0% 31/100.0% 62/100.0%

*: p<0.05 there is a statistically significant difference between groups, n: Number, %: Percentage
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Points Value Emotional
r 0.841
T-SvQs
P <0.001*
r
Emotional
P
r
Physical
P
r
Functional
P

Physical

<0.001*

<0.001*

Functional TVHI-10
0.836 0.814 0.861
<0.001* <0.001*
0.854 0.925 0.967
<0.001* <0.001*
0.887 0.939
<0.001* <0.001*

*: p<0.05 there is a statistically significant difference between groups, r: correlation coefficient, T-SVQS: Turkish Self-evaluation of Voice Quality Survey, TVHI-10:

Turkish Voice Handicap Index-10

Correlations were calculated based on data from participants who had undergone surgery (n=31)

variance. Factor loadings for the items ranged from 0.354 to 0.844.
The internal consistency of the T-SVQS was high, with a Cronbach's
alpha coefficient of 0.845. Item-total correlation coefficients
ranged between 0.307 and 0.763, indicating acceptable reliability
for all items. These results support the validity and reliability of the
Turkish version of the T-SVQS for assessing self-perceived voice
quality.

DISCUSSION

This study investigated the need for voice therapy after type 3
thyroplasty using self-assessment of voice. Type 3 thyroplasty is
considered a definitive treatment, this surgery effectively lowers
vocal pitch without compromising vocal quality (5). Chandra et al.
(13) reported a significant subjective improvement in patients with
puberphonia, with VHI scores decreasing from a preoperative 53
to a postoperative 29.

However, the comparison of scale and survey scores among
groups in our study revealed a statistically significant difference.
Our results indicate that individuals continue to experience
emotional, physical, and functional voice problems after type 3
thyroplasty; therefore, voice therapy is necessary.

Kizilay and Firat (11) reported, based on the voice assessment
form for patients with puberphonia, that the highest pre-treatment
handicap scores were observed in the emotional subgroup,
whereas post-treatment the highest scores shifted to the physical
subgroup. This increase in post-treatment physical scores reflects
the challenges patients encounter when adapting to their new
voices and underscores the ongoing need for voice therapy.

Comparison of responses to the T-SVQS across groups revealed
that individuals did not experience problems with gender
perception despite the decrease in fundamental frequency
following surgery. However, they exhibit hypofunctional voice
characteristics such as vocal fatigue, breathiness, asthenia,
reduced loudness, and difficulty controlling intensity. While the
reduction in fundamental frequency and the resolution of gender-
perception issues are expected outcomes of type 3 thyroplasty,

the decrease in vocal fold tension postoperatively seems to lead
to glottic gap formation and discordant vocal fold vibration. This
hypofunction results in decreased voice quality. Therefore, voice
therapy by a speech and language therapist is essential to ensure
proper voice use, to provide respiratory support, and to prevent
potential hypofunction after surgery (10).

Findings from correlation analysis between the scales indicated
that as T-SVQS scores increased, the TVHI-10 Scale total and
subgroup scores also increased. Emotional subgroup scores were
associated with increases in the total score and in other subgroup
scores. Physical subgroup scores were correlated with increases in
total-scale and functional-subgroup scores. Functional subgroup
scores were also positively correlated with total scale scores.
These analyses suggest a strong relationship between T-SVQS
scores and the TVHI-10, showing that the emotional, physical, and
functional subgroups are interconnected.

In conclusion, patients who underwent type 3 Thyroplasty
exhibited emotional, physical, and functional problems related to
their voice. In these patients, adjunctive voice therapy alongside
surgery is necessary to prevent potential vocal hypofunction,
improve voice quality, preserve vocal health, and reduce
emotional, physical, and functional effects associated with voice
disorders.

Study Limitations

This study has several limitations. First, using an online platform
to administer study questions may have introduced variability in
participants’ understanding because of sociocultural differences,
potentially affecting response consistency. Second, the number
of patients included in the study was limited because type
3 thyroplasty is a highly specialized, infrequently performed
surgical procedure. This reduced the sample size and may limit
the generalizability of the findings. Finally, the limited availability
of literature on type 3 thyroplasty, owing to its non-routine
application, restricted comparison and corroboration of the
study’s results with existing evidence.
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CONCLUSION

This study demonstrated that individuals who underwent type
3 thyroplasty continued to experience emotional, physical, and
functional voice difficulties despite the surgical lowering of vocal
pitch. The Turkish version of the T-SVQS was found to be a valid
and reliable tool in assessing self-perceived voice quality, showing
strong correlations with the TVHI-10. The results emphasize that
surgery alone may not fully address the complex vocal challenges
faced by these patients. Therefore, integrating postoperative
voice therapy into the treatment protocol is essential to enhance
voice quality, prevent hypofunctional voice patterns, and support
long-term vocal health and well-being.

Appendix  1:  https://d2v96fxpocvxx.cloudfront.net/beb8919b-f013-
4eal-b1c8-40332e840fe1/content-images/dfd0a53c-fabd-4c82-a242-
72e513648dfe.pdf
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ABSTRACT

Objective: The anterior quadratus lumborum block (aQLB) is commonly used for postoperative pain relief following laparoscopic cholecystectomy
(LC). Dexamethasone is known to prolong and enhance analgesia when used as an adjuvant in peripheral nerve blocks. Some studies suggest
that systemic administration may be as effective as perineural administration. However, studies directly comparing interfascial administration of
dexamethasone in fascial plane blocks with systemic administration remain limited. This study aims to compare the analgesic efficacy and side-effect
profiles of interfascial versus systemic administration of dexamethasone with the aQLB.

Methods: This retrospective study included 72 patients who underwent elective LC under general anesthesia. All patients received preoperative
bilateral aQLBs. Patients were assigned to Group IV (n=33), which received intravenous dexamethasone, or to Group IF (n=39), which received
interfascial dexamethasone. The primary endpoint was the time to first rescue analgesic. Secondary endpoints were 24-hour tramadol use,
intraoperative remifentanil consumption, numeric rating scale scores at 1,4,8,12, and 24 hours, and side effects.

Results: No statistically significant difference was observed between groups in the time to first rescue analgesia; however, median times favored
Group IF (5.3 hours vs. 4 hours). The median total tramadol consumption in the first 24 hours was 100 mg [interquartile range (IQR): 150 mg] in Group
IV and 75 mg (IQR: 100 mg) in Group IF, with no significant difference between the groups (p=0.256). Numeric rating scale scores and remifentanil use
were similar. Nausea was significantly more frequent in Group IF (41%) than in Group IV (18%) (p=0.036).

Conclusion: Both systemic and interfascial administration of dexamethasone, when combined with an aQLB in patients undergoing LC, provided
comparable postoperative pain relief. However, systemic administration was associated with a lower incidence of postoperative nausea, suggesting
it may be preferable for patients at higher risk of this side-effect.

Keywords: Adjuvant, dexamethasone, fascial plane blocks, postoperative analgesia, anterior quadratus lumborum block, laparoscopic

cholecystectomy

INTRODUCTION

Laparoscopic cholecystectomy (LC) is widely recognized as one
of the most commonly performed routine surgical procedures.
Although LC typically causes less intense pain than open
cholecystectomy, patients may still experience moderate to
severe postoperative pain. This pain may arise from somatic
sources at the trocar entry sites, from visceral sources related to
gallbladder manipulation, or from carbon dioxide insufflation
in the abdomen (1). Postoperative pain is often managed with
opioid analgesics. However, opioid use is associated with

undesirable side effects such as nausea, vomiting, sedation,
itching, dependence, prolonged hospital stays, and increased
healthcare costs.

Therefore, the use of truncal blocks as part of multimodal analgesia
has increased in recent years (2,3). Anterior quadratus lumborum
blocks (aQLB) are among the techniques used for postoperative
analgesia after abdominal surgery. Studies have demonstrated
effective analgesia in the T7-L2 dermatomal regions (4). Various
adjuvants can be used in block applications to enhance the
duration and efficacy of analgesia provided by local anesthetics.
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Dexamethasone is a glucocorticoid known for its ability to prolong
the effects of local anesthetics and suppress inflammation when
used as an adjuvant (5,6).

Extensive research has been conducted on the perineural
use of dexamethasone in extremity surgeries (6-8). Although
dexamethasone is widely used, its perineural administration is
considered off-label by both the European Medicines Agency
and the U.S. Food and Drug Administration, which raises concerns
among some clinicians. As a result, intravenous administration has
become more common in recent years (9).

Conflicting results have been reported in the literature regarding
the perineural versus systemic administration of dexamethasone
for peripheral nerve blocks. In a meta-analysis of adjuvants for
supraclavicular brachial plexus blocks, systemic administration of
dexamethasone provided a longer duration of sensory blockade
than perineural administration in upper extremity blocks (10). In
the same study, a longer duration of analgesia was also observed
in the perineural group; however, this difference was not
statistically significant. Furthermore, in a study comparing plasma
concentrations of dexamethasone after systemic and perineural
administration during upper extremity surgeries, similar plasma
levels were detected via both routes, which were attributed to
the rich vascularity and close anatomical relationship between
nerves and blood vessels, facilitating systemic absorption (11).
Similarly, Desai et al. (12), in a meta-analysis of lower-extremity
peripheral nerve blocks, reported that the duration of analgesia
was longer with perineural than with systemic administration of
dexamethasone. This was explained by lower vascularity in the
lower-extremity relative to the upper extremity; however, the
difference was not clinically significant.

No studies have directly compared the analgesic efficacy of
systemic versus interfascial dexamethasone administration in
fascial plane blocks. In studies investigating local anesthetic
pharmacokinetics, it has been reported that ropivacaine reached
high plasma concentrations shortly after administration in the
erector spinae plane and serratus intercostal fascial plane blocks,
a finding associated with rapid absorption (13). However, studies
specifically addressing QLB remain limited. Given the absence
of major vascular structures between fascial layers, systemic
absorption of dexamethasone in these blocks may be slower
than that in extremity blocks, potentially allowing interfascial
administration to provide a longer duration of analgesia than the
intravenous route.

This retrospective study compared the analgesic efficacy of
interfascial versus systemic dexamethasone administration in
patients who underwent preoperative aQLB for elective LC.

METHODS
Study Design and Ethical Approval

This retrospective, single-center study was conducted at University
of Health Sciences Turkiye, Gaziosmanpasa Training and Research
Hospital. Ethical approval was granted by the Non-Interventional
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Research Ethics Committee of University of Health Sciences
Turkiye, Gaziosmanpasa Training and Research Hospital (approval
no: 86, date: 18.06.2025). The ethics application specified that part
of the data for the interfascial adjuvant group would be drawn
from a previously approved clinical study at our institution, titled
"Comparison of the Postoperative Analgesic Efficacy of Adjuvant
Quadratus Lumborum Block in Laparoscopic Cholecystectomies”
(approval no: 40, date: 10.05.2023). Permission was granted to use
this data for secondary analysis.

After obtaining ethical clearance, a retrospective review was
conducted of 84 patients who underwent elective LC between
January 1, 2024, and June 1, 2025. Twelve patients were
excluded due to incomplete follow-up documentation regarding
postoperative analgesia or use of non-tramadol rescue analgesics.

Patient Selection

In this retrospective study, we reviewed the records of patients who
underwent elective LC under general anesthesia and who received
a preoperative bilateral aQLB. Among these patients, those who
had received dexamethasone via either the interfascial or the
systemic route were included in the study. Patients over 18 years
of age and classified as American Society of Anesthesiologists
(ASA) physical status I-Il were included. Patients classified as ASA
IV and those who had received rescue analgesics other than
tramadol were excluded from the analysis.

Intervention and Group Descriptions

In our clinic, fascial plane blocks are generally performed to
provide postoperative analgesia and reduce intraoperative opioid
requirements following LC. In our clinic, aQLBs are routinely
performed preoperatively and bilaterally under ultrasound
guidance, with patients in the lateral decubitus position. A
convex ultrasound probe (2-6 MHz; MyLabseven, Esaote Europe,
Netherlands) and a 100-mm nerve block needle (Stimuplex®
Ultra; B. Braun, Melsungen, Germany) were used. The standard
local anesthetic solution consists of 20 mL of 0.25% bupivacaine,
administered  bilaterally.  For
administration, each side receives 20 mL comprising 10 mL of
0.5% bupivacaine, 9 mL of normal saline, and 1 mL (4 mg) of
dexamethasone.

interfascial dexamethasone

Participants were divided into two groups based on the method
of adjuvant delivery.

Patients who received interfascial dexamethasone (8 mg)
coadministered with the local anesthetic were included in Group
IF, whereas those who received systemic dexamethasone (8 mg)
intravenously during the intraoperative period were included in
Group IV.

General Anesthesia and Postoperative Analgesia
Protocol

In our clinic, a standard general anesthesia protocol is used
for ASA I-ll patients. Induction is performed by intravenous
administration of midazolam (0.04 mg/kg), fentanyl (1 pg/kg),
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lidocaine (0.5 mg/kg), propofol (2 mg/kg), and rocuronium (0.6
mg/kg). Anesthesia maintenance involves sevoflurane and a
continuous infusion of remifentanil at a rate of 0.05-0.2 pg/kg/
min, adjusted based on the patient’s hemodynamic status. All
surgical procedures are carried out using the standard four-
port technique with a maximum intra-abdominal pressure of 12
mmHg.

In our clinic, it is routine practice to administer intravenous
paracetamol (1 g), tramadol (1 mg/kg), and ondansetron (0.1 mg/
kg) to patients at the end of surgery. Neuromuscular blockade
is typically reversed with either sugammadex (2 mg/kg) or a
combination of neostigmine (0.04 mg/kg) and atropine (0.02 mg/
kg), at the discretion of the anesthesiologist. Postoperative pain
management in the general surgery ward routinely consists of 1
g paracetamol every 6 hours, with 100 mg intravenous tramadol
administered when the resting numeric rating scale (NRS) score
is >4.

Data Collection

Data were retrospectively collected from patients’ anesthesia
and postoperative analgesia follow-up forms. Block procedures
were recorded in the block registry located in the operating
room block area, while postoperative analgesia data were
gathered from dedicated follow-up forms maintained for
each patient. In our clinic, all patients who receive truncal
blocks are visited by an anesthesiologist at 1,4,8,12, and 24
hours postoperatively. The time to first rescue analgesia, total
tramadol consumption, resting and dynamic (during coughing)
NRS scores, and side effects such as nausea, vomiting, and
shoulder pain are documented in the postoperative analgesia
follow-up forms. Patients’ demographic data and ASA scores are
recorded in both the anesthesia and analgesia follow-up forms.
Intraoperative remifentanil consumption was extracted from the
anesthesia records.

Outcome Measures

The primary objective of this study was to evaluate the effect of
interfascial versus systemic administration of dexamethasone
on the time to first rescue analgesia in patients undergoing
anterior QLB during elective LC. Secondary outcomes included
total postoperative tramadol consumption, NRS scores at rest
and during movement, intraoperative remifentanil use, and
the incidence of adverse events such as nausea, vomiting, and
shoulder pain.

Statistical Analysis

Descriptive statistics were presented as mean * standard
deviation, median [interquartile range (IQR)], frequency, and
percentage, depending on variable type. Data distribution was
assessed using the Kolmogorov-Smirnov test. For variables with
a normal distribution, the independent samples t-test was used,
while the Mann-Whitney U test was applied to non-normally
distributed variables. The chi-square test was used to compare
categorical data. Time to first rescue analgesia was analyzed
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with Kaplan-Meier survival curves. All statistical analyses were
performed using SPSS version 28.0 (IBM Corp., Armonk, NY), and
a p-value less than 0.05 was considered statistically significant.

RESULTS

A total of 72 patients were included in the analysis. The
demographic characteristics of both groups were similar (Table 1).

No statistically significant difference was found between the
groups regarding the time to first rescue analgesia (p=0.497;
Table 2). The need for rescue analgesia was observed in 54.5%
of patients in Group IV and 51.3% of patients in Group IF. Kaplan-
Meier analysis was performed for patients who required rescue
analgesia. Although the curves suggest that patients in Group
IV tended to need rescue analgesia earlier, the log-rank test
showed no statistically significant difference between the groups
(p=0.463; Figure 1). The Kaplan-Meier curves also indicated that
in Group 1V, all patients had received rescue analgesia by the 10"
postoperative hour, whereas in Group IF all patients had received
it by the 13" postoperative hour.

During the first 24 hours postoperatively, the median total
tramadol consumption was 100 mg (IQR: 150 mg) in Group IV and
75 mg (IQR: 100 mg) in Group IF, with no statistically significant
difference between the groups (p=0.256; Table 2). Additionally,
intraoperative remifentanil consumption did not differ significantly
between the two groups (Table 2).

Resting NRS and dynamic NRS scores were similar across all
evaluated time points (Table 3).

Analysis of side effects showed that nausea occurred in 18% (6
patients) of patients in Group IV and 41% (16 patients) of patients
in Group IF. This difference was statistically significant: Group IF
exhibited a higher rate of nausea (p=0.036; Table 4). However,
there were no significant differences between groups regarding
vomiting or shoulder pain (Table 4).

DISCUSSION

This study compared the analgesic effectiveness of interfascial
and systemic dexamethasone in patients undergoing elective LC
who received a preoperative aQLB for pain relief. The time to first
rescue analgesia, total postoperative opioid use, intraoperative
remifentanil consumption, and NRS scores were similar between
the groups, but the incidence of nausea was significantly lower in
the group that received systemic dexamethasone.

QLBs are used for postoperative pain control after surgeries
involving the lower thoracic area, abdomen, retroperitoneal
space, and inguinal region (14,15). In our clinic, the anterior
approach to the QLB technique is commonly preferred for LC
procedures. First described by Barglum et al. (16), the aQLB is
believed to offer more effective pain relief, possibly because of the
high density of mechanoreceptors in the anterior thoracolumbar
fascia (4,17).

Previous studies have shown that dexamethasone, when used
as an adjuvant in peripheral nerve blocks, may extend analgesic
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duration and enhance postoperative pain control (6,9). However,
research on the effectiveness of adjuvants in fascial plane blocks
remains limited.

A randomized controlled trial evaluating the addition of
dexamethasoneto localanestheticsinaQLBforLC demonstrated
a significantly prolonged time to first rescue analgesia
compared with the saline control group (18). Arafa et al. (19)
randomized pediatric patients undergoing renal surgery into
three groups receiving interfascial dexamethasone, intravenous
dexamethasone, or aQLB alone. Both dexamethasone groups
had significantly lower total morphine consumption, longer
time to first rescue analgesia, and lower pain scores than the
aQLB-alone group. The time to first rescue analgesia did not
differ between the two dexamethasone groups; however, total
tramadol consumption was significantly lower in the interfascial
dexamethasone group. Consistent with previous findings, our
study found that the median total tramadol consumption within
the first 24 hours was 100 mg (IQR: 150 mg) in Group IV and
75 mg (IQR: 100 mg) in Group IF, indicating lower consumption
in the interfascial group. However, this difference was not
statistically significant. Additionally, there was no significant
difference in the time to first rescue analgesia between patients
who received systemic dexamethasone and those who received
interfascial dexamethasone as an adjuvant. The median times
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to first rescue analgesia were 4 hours in Group IV and 5.3 hours
in Group IF, though this was not statistically significant. Kaplan-
Meier analysis of the time to first rescue analgesia showed that
patients in Group IV requested analgesia earlier than those
in Group IF. Although not statistically significant, this finding
suggests that interfascial administration of the adjuvant may
prolong the time to request analgesia compared with systemic
administration.

In this study, the need for rescue analgesia was similar between
the groups, with approximately half of the patients requiring it in
each arm. These relatively low rates were attributed to an effective
multimodal analgesia protocol combined with the aQLB block.
NRS scores remained consistently low, staying below 4 at all time
points in both groups. Intraoperative remifentanil consumption
was likewise comparable, in line with the observed postoperative
analgesic outcomes.

In two separate meta-analyses comparing perineural and systemic
dexamethasone administration in peripheral nerve blocks—one
including 11 studies with a total of 914 patients and the other
including 9 studies with a total of 801 patients—perineural
administration was shown to prolong the duration of analgesia
more effectively than systemic administration (7,8). These effects
of dexamethasone on analgesic efficacy are believed to result
from several mechanisms, including suppression of inflammatory

Group IV (n=33)

n %
Gender
Female 26 78.8
Male 7 21.2
Mean = SD
Age (yr) 46.2+11.09
BMI (kg/m?) 26.9+3.4
Operation time (min) 52.9+£12.0

Values are presented as mean = SD or number and percentage n (%)

Group IF (n=39)

n % P

33 84.6 0.522
6 15.4

Mean = SD

45.3+9.8 0.734
27.9+5.1 0.326
56.2+14.3 0.477

Group IV: Intravenous dexamethasone group, Group IF: Interfascial dexamethasone group, BMI: Body mass index, SD: Standard deviation, *: p<0.05

Group IV (n=33)

Group IF (n=39)

Median (IQR) Median (IQR) P*
Intraoperative remifentanil consumption (mcg/kg) 180 (125) 210 (160) 0.261
Total tramadol consumption (mg/day) 100 (150) 75 (100) 0.256
Time to first rescue analgesia (hour) 4.0 (5.5 5.3(6.9) 0.497
n (%) n (%)
Patients requiring rescue analgesia 18 (54.5) 20 (51.3) T
Patients not requiring rescue analgesia 15 (45.5) 19 (48.7)

Values are presented as median (IQR)

Group |V: Intravenous dexamethasone group, Group IF: Interfascial dexamethasone group, IQR: Interquartile range, *: p<0.05
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mediator release, inhibition of ectopic neuronal discharges,
and blockade of potassium channel-mediated discharges in
nociceptive C fibers (20-24).

In the experimental animal model study conducted by Matsuda et
al. (25), co-administration of dexamethasone with local anesthetics
significantly prolonged the duration of analgesia. This effect was
observed exclusively with perineural administration, whereas
the same dose administered intramuscularly (systemically)
did not produce a comparable effect. Specifically, perineural
dexamethasone extended the duration of sciatic nerve block
with ropivacaine to more than 360 minutes, while systemic
administration of dexamethasone failed to achieve this outcome.
Histological analyses indicated that the effect was mediated
through glucocorticoid receptor activation and was closely
associated with the suppression of neuronal nitric oxide synthase
(nNOS) expression in the dorsal root ganglion.

Furthermore, perineural administration of the NOS inhibitor
L-NAME significantly prolonged block duration, supporting
the involvement of peripheral mechanisms. These findings
suggest that the analgesic-prolonging effect of dexamethasone
is not solely attributable to systemic absorption but also to
direct perineural mechanisms. In addition to suppressing NOS
production, the vasoconstrictive properties of dexamethasone
may further prolong the duration of action of the local anesthetic
by delaying its systemic absorption.

100%4
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Figure 1. Comparison of time to first analgesic request between
Group IV and Group IF: Kaplan-Meier analysis. Median time to
first rescue analgesia was 4.0 hours (95% Cl: 1.9-6.1) in Group IV
and 5.0 hours (95% CI: 1.7-8.3) in Group IF (log-rank test, p=0.463)
Group |V Intravenous dexamethasone group; Group IF: Interfascial
dexamethasone group, Cl: Confidence interval, AUT: Analgesic using
time

Note: Cl values in the figure are rounded to the nearest whole number
for visual clarity
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Moreover, in the management of rebound pain—a phenomenon
that can occur after the resolution of a peripheral nerve block—
single-dose dexamethasone administered with the block has
been shown to reduce its incidence (26). In addition, intravenous
dexamethasone has been reported to decrease rebound pain,
demonstrating an effect comparable to that of perineural
administration (27). Overall, these findings suggest that the
analgesic effect of dexamethasone is multifactorial, with systemic
absorption playing a role; however, experimental data highlight
that perineural mechanisms, particularly nNOS suppression via
glucocorticoid receptor activation, substantially contribute to
prolonging block duration.

Additionally, it has been suggested that interfascial
dexamethasone administered during anterior QLB can reach the
paravertebral space via spread of the block, thereby exerting a
central analgesic effect. This effect is thought to aid in reducing
central sensitization by inhibiting nuclear factor kappaB (NF-
kB) activity. As a transcription factor, NF-xB plays a key role in
regulating inflammatory activity and has been associated with
the development of chronic and pathological pain (28). However,
we were unable to evaluate the long-term effects on chronic pain

Group IV (n=33) Group IF (n=39)

Median (IQR) Median (IQR) P
rNRS 1. hour 2 (2.0) 2(1.0) 0.287
rNRS 4. hour 1(1.0) 1(2.0) 0.744
rNRS 8. hour 1(1.0) 1(1.0) 0.760
rNRS 12. hour 1(1.0) 1(2.0) 0.908
rNRS 24. hour 1(1.5) 1(1.0) 0.621
dNRS 1. hour 3(2.0 3(1.0) 0.369
dNRS 4. hour 3(1.0 3(2.0) 0.535
dNRS 8. hour 3(1.5 2(1.0) 0.852
dNRS 12. hour 1(2.0) 2(2.0) 0.327
dNRS 24. hour 1(2.5) 2(2.0) 0.839

Values are presented as median (IQR)

Group |V: Intravenous dexamethasone group; Group IF: Interfascial
dexamethasone group, IQR: Interquartile range, rNRS: Resting numeric
rating scale; dNRS: Dynamic numeric rating scale, *: p<0.05

Group IV Group IF

(n=33) (n=39) P

n % n %
Nausea 6 18.2 16 41.0 0.036*
Vomiting 2 6.1 3 7.7 0.786
Shoulder pain =~ 7 21.2 12 30.8 0.359

Values are presented as number and percentage n (%)
Group |V: Intravenous dexamethasone group; Group |IF: Interfascial
dexamethasone group, *: p<0.05



J Acad Res Med 2026;16(1):10-16

because of the retrospective design and limited follow-up. Our
analysis primarily focused on acute postoperative pain outcomes.

The use of intravenous dexamethasone for prophylaxis of nausea
and vomiting is well established in the literature (29). It is also
known to reduce surgical stress and inflammation, facilitate early
patient mobilization, and, therefore, is included as standard
practice in enhancedrecovery after surgery protocols. In this study,
patients who received intravenous dexamethasone showed a
notably lower incidence of postoperative nausea than those who
received interfascial dexamethasone, a finding attributed to its
antiemetic effects. The incidence of vomiting was low and similar
in both groups. The incidence of shoulder pain was higher in the
IF group, although the difference was not statistically significant.

Study Limitations

A limitation of this study is that it was conducted at a single
center. With a multicenter design and a larger sample size,
more generalizable results could have been achieved. Another
significant limitation is the retrospective design, which may
have introduced bias despite inclusion of all eligible patients.
Additionally, the relatively low volume of local anesthetic used for
QLB might have affected block efficacy. The lack of standardized
analgesic protocols, such as patient-controlled analgesia, is
another methodological limitation. Chronic pain follow-up could
not be conducted, limiting evaluation of long-term outcomes.
Lastly, the absence of a control group represents another
limitation, as only patients who received a block are systematically
recorded in our analgesia follow-up forms.

CONCLUSION

This retrospective study showed that both interfascial (perineural)
dexamethasone—administered as an adjuvant to the aQLB during
LC—and systemic (intravenous) dexamethasone were similarly
effective for postoperative analgesia. There were no significant
differences between groups in total tramadol consumption
or in time to first rescue analgesia; however, the interfascial
dexamethasone group may offer a slight advantage in analgesic
efficacy. However, further research with larger patient populations
is needed to confirm this potential benefit. Notably, the incidence
of postoperative nausea was significantly lower among patients
who received systemic dexamethasone, suggesting that
systemic administration may be preferable for patients at risk of
postoperative nausea.
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ABSTRACT

Objective: The speech intelligibility index (Sl) quantifies the proportion of speech that is audible to a listener. Its predictive accuracy is based on
the acoustic and phonetic properties of the language it uses. Our study evaluated the feasibility of using the English-based SlI for Turkish-speaking
individuals with sensorineural hearing loss, comparing younger and older adults.

Methods: In this retrospective cross-sectional study, 161 participants (68 younger adults and 93 older adults) with bilateral sensorineural hearing
loss were included. Hearing thresholds, word recognition scores (WRS), and Sl values were analyzed. Non-parametric statistical analyses, including
the Wilcoxon signed-rank test for paired comparisons, Mann-Whitney U test for group differences, Spearman’s rank correlation for associations,
and Fisher Z-test with bootstrap analysis to compare correlation coefficients were conducted to evaluate differences and relationships among
audiological measures.

Results: Significant positive correlations were found between Sll and WRS in both age groups (r=0.73 for younger adults; r=0.65-0.70 for older adults).
Older adults had higher high-frequency thresholds and lower WRS (p<0.001), but no age-related differences were observed in Sl or the pure-tone
average.

Conclusion: The English-based Sl can be used as a provisional tool for Turkish speakers, but age-related and frequency-specific variations highlight

the need for a language-specific model.

Keywords: Speech intelligibility index, sensorineural hearing loss, age factors, Turkish language, word recognition, pure-tone average

INTRODUCTION

Speech intelligibility refers to a listener’s ability to perceive
speech under specific listening conditions and is often assessed
as a measure of speech comprehension. It depends on the
spectral and temporal characteristics of speech (1,2), the level of
background noise (3), the dynamic range of the speech spectrum
(4), the listener's hearing capacity (5), and the fundamental features
of the target language (6). The speech intelligibility index (SI)
quantifies weighted audibility across frequency bands at a given
signal-to-noise ratio by using language specific band importance
functions (BIF) and band audibility functions (7,8). Essentially, the
amount of speech information accessible to the auditory system is
determined by how much of the speech spectrum rises above the
listener's hearing thresholds.

Language-specific differences determine the frequency weighting
that forms the foundation of SlI predictions. Languages vary in the
extent to which they rely on particular bands, leading to distinct
BIF profiles (6,9). For example, Korean places greater emphasis
on lower bands than English and Mandarin do (10). Specifically
for Turkish, agglutinative suffixation and vowel harmony increase
the functional load of low-to-mid vowel energy, whereas English
places greater weight on high-frequency consonantal cues (11-14).
For instance, the high frequency /s/, which encodes plurality and
possession in English, has no direct morphological counterpart
in Turkish, which may shift band importance toward lower bands
(10,15). This suggests that information may be concentrated in
bands dominated by vowel energy rather than by high-frequency
frication. Consistent with this linguistic profile, Turkish long-term
average speech spectra (LTASS) indicate relatively elevated
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low-to-mid-frequency bands, providing an acoustic basis for
reweighting band importance toward these frequencies (11).
Taken together, these linguistic and acoustic features motivate a
redistribution of band-importance toward lower frequencies and
provide a principled rationale for deriving Turkish-specific BIFs.

The predictive validity of the Sl is modulated by age-related
factors. Although the Sl demonstrates robust associations
with speech recognition outcomes in both normal-hearing and
hearing-impaired populations, prediction accuracy diminishes
systematically in older listeners (16,17). This decline reflects age-
related suprathreshold auditory deficits, particularly degraded
temporal processing and difficulty understanding speech in noise
(18,19). Notably, these age-dependent effects remain observable
when language-specific weightings are applied, highlighting
the need to account for both linguistic characteristics and age-
related changes in auditory processing when making Sll-based
predictions (20).

In clinical practice, modern hearing aid analyzers compute Sl with
English-based parameters. Recent speech intelligibility studies
have examined metrics for assessing communicative ability or
simulated hearing loss in Turkish (21,22). However, these studies
do not permit the development of a clinically usable model that
predicts speech perception by estimating Sl from audiometric
data. Therefore, the aim of this preliminary study was to determine
how the English-based SlI differs among Turkish individuals and
to explore its relationship with word recognition score (WRS),
hearing thresholds, and pure tone averages (PTA) in Turkish-
speaking older and younger adults.

METHODS

Participants

In this retrospective, cross-sectional study, data were obtained
from the medical records of patients who visited the clinic between
2022 and 2023. Ethical approval for the study was obtained from
the istanbul Medeniyet University Goztepe Training and Research
Hospital Clinical Research Ethics Committee (decision no:
2021/0596, date: 24.11.2021) before data collection.

A total of 202 patient records were initially reviewed. Of these, 41
records were excluded because they did not meet the inclusion
criteria. The sample consisted of 161 individuals, including 80
females and 81 males, ranging in age from 16 to 95 years [mean
age 63.5 years, standard deviation (SD)=18.6 years]. A total of 322
hearing test results (ears) were collected, including the pure tone
average, speech recognition threshold (SRT), and WRS.

The participants were categorized into two age groups: younger
adults (aged below 65 years) and older adults (aged 65 years and
above). The younger adult group consisted of 68 participants (38
women, 30 men) with a mean age of 45.99 years (SD=14.63 years),
while the older adult group included 93 participants (42 women,
51 men) with a mean age of 76.58 years (SD=6.84 years).

All participants were confirmed to have sensorineural hearing
loss, with no individual exhibiting an air-bone gap of more than 10

J Acad Res Med 2026;16(1):17-23

decibel (dB) hearing level at any frequency. The inclusion criteria
were as follows: absence of audiological findings suggestive of
retrocochlear pathology, such as asymmetric hearing loss or
disproportionately poor word-recognition scores relative to the
degree of hearing loss; absence of conductive pathology; and
hearing and behavioral thresholds obtained at all frequencies.
Individuals who did not meet these criteria were excluded.
Therefore, criterion-based convenience sampling was employed
in this study.

Sample size calculation was performed using G*Power software to
ensure sufficient statistical power for the analyses. The calculation
was based on a two-tailed Fisher Z-test to compare two
independent Pearson correlation coefficients, with an expected
effect size q=0.6, an alpha error probability of 0.05, and a power
of 0.95. The analysis indicated a required total sample size of 152
participants, with 76 per group. The actual sample size in this
study (322 ears, corresponding to 161 participants) exceeds this
requirement, ensuring robust statistical power for the planned
analyses.

Procedures

For each ear of the patients, air conduction hearing thresholds
at 250 Hz, 500 Hz, 1 kHz, 2 kHz, 4 kHz, 6 kHz, and 8 kHz, four-
frequency PTA (500 Hz-4 kHz), SRTs and WRS which are from
using Turkish monosyllabic word recognition test (TMWRT) were
obtained. TMWRT was a standardized, phonetically balanced
single-syllable speech recognition test developed for Turkish (23).

To determine the Sl scores, an Audioscan Verifit hearing aid
analyzer was used. Air conduction hearing thresholds for each
patient were entered into the software. Unaided SIl values were
calculated for each ear assuming a nominal speech input level of 65
dB sound pressure level (SPL). Calculations were performed using
the Audioscan Verifit Speechmap module, which implements
the ANSI/ASA S3.5-1997 1/3-octave band method with standard
English BIF weights. The calculation excluded the 160 Hz band
and did not incorporate masking effects. The Sll scale ranges from
0.0to 1.0.

Statistical Analysis

All statistical analyses were conducted using the R statistical
software (version 4.3.1). Descriptive statistics provided an initial
overview of data distribution. We assessed normality using the
Shapiro-Wilk test; normality was confirmed only for hearing
thresholds at 2,4,6, and 8 kHz. Therefore, non-parametric tests
were used. Using the Wilcoxon signed-rank test, we compared,
between ears, hearing thresholds at each frequency and PTA,
WRS, SRT, and SlI. Spearman’s rank correlation was employed to
assess the relationships between variables. The strengths of the
correlation coefficients were interpreted according to Evans (24):
r<0.20 as very weak, 0.20-0.39 as weak, 0.40-0.59 as moderate,
0.60-0.79 as strong, and r=0.80 as very strong. Mann-Whitney U
tests were performed to examine differences in WRS, SRT, and
PTA between younger and older adults. To investigate whether
the correlation between the Sll and WRS differs between younger
and older adults and whether the relationships of both the SIl and
WRS with hearing thresholds across frequencies vary between
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these age groups, Fisher Z-tests with bootstrap analysis were
employed.

RESULTS

The study analyzed two groups of participants with hearing loss:
younger adults (aged 32-64 years) and older adults (aged 65-95
years). The variables examined included hearing thresholds, PTA,
SRTs, WRSs, and Sll values. Analyses were conducted at the ear
level. To assess the assumption of independence, we first tested
for systematic right-left differences and found no statistically
significant differences for S, PTA, or WRS between ears (p>0.05).
We then analyzed within-subject, ear-to-ear correlations and
observed very strong correlations for SlI, PTA, and WRS, with
correlation coefficients (r) ranging from 0.85 to 0.95.

Hearing Thresholds Across Age Groups

Table 1 provides detailed descriptive statistics and compares
hearing thresholds between groups across frequencies. Mann-
Whitney U tests revealed significant age-related differences in the
high-frequency range (4000-8000 Hz) in both ears (p<0.05), with
increased thresholds in older adults. For example, at 8000 Hz, the
threshold value was approximately 14 dB higher in the right ear
(p<0.001) and 15 dB higher in the left ear (p<0.001), compared to
the younger adult. In Figure 1, the mean hearing threshold values,
with SDs, are plotted for both ears across frequency levels for
younger and older adults.

PTA, SRT, and SlI
The descriptive statistics for the audiological variables, including
PTA, SRT, WRS, and SlI values, are summarized in Table 2. The

data are presented separately for younger and older adults, as
well as for the right and left ears.

Atilgan et al.
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Comparison of Audiological Measures Between Ears
and Age Groups

The Wilcoxon signed-rank test showed no difference between
the right and left ears for hearing thresholds and PTA, WRS, SRT,
and SlI values (p>0.05). Mann-Whitney U tests were performed to
examine differences in WRS, SRT, PTA, and SII between younger
and older adults. WRS and SRT results revealed statistically
significant differences. Younger adults demonstrated higher
WRS (right ear: p<0.001; left ear: p<0.001) and lower SRT (right
ear: p<0.001; left ear: p<0.001) than older adults. However, no
significant differences were observed between younger and older
adults in PTA or SIl measures (p>0.05).

¥ Ealeft @ EanRight == AgeGroup: Younger Adults = Age Group: Older Adults

Hearing Level (dB HL)
2
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Figure 1. Mean and standard deviation of hearing thresholds by
frequency and age group

Frequency Younger adults (n=68)
$\I/-I|:)an Median SD rl\:::;( ;9:\;/;? Zzz’e? Mean
250Hz R 3022 25 19.07 5-90 25.51 34.99
L 29.06 25 1756  0-80 2485  33.67
500Hz R  35.00 30 2026  10-100 30.20 40
L 33.62 30 1915 5-90 29.77 38.67
1000Hz R 4290 40 2044  5-100 37.72 4735
L 41.45 40 2024 10-105 36.98  46.61
2000Hz R 51.23 50 2148 10-115 4588  56.32
L 51.96 50 2130  10-115 4779  57.94
4000Hz R 6254 60 2034  20-120 57.50  67.79
L 60.14 60  19.52 15-120 56.17  65.43
6000Hz R  66.16 65 2125 20120 60.73  70.58
L 64.06 65 2115 15-120 60.14  69.70
8000Hz R  66.74 70 2416  5-120  60.59  71.90
L 62.61 65 2368  5-120 5742 6830

Older adults (n=93) Between-
Median SD mlar)‘( I9°5‘;/:fl Z:)Z’efl p-value girf?f:fence
3349 30 13.92 10-85  30.75 36.50 0.037
32.53 30 13.30 5-75 29.94 35.26 0.050
38.06 35 13.91 15-100  35.32 41.07 0.043
36.29 35 13.83 10-70  33.38 39.08 0.073
43.60 45 14.73 15-95  40.53 46.77 0.411
41.94 40 13.85 15-80  39.14 44.73 0.379
53.55 55 12.80 20-80  50.91 56.29 0.179
53.28 55 13.40 2590 5043 56.02 0.236
67.47 65 16.13 30-110  64.03 70.85 0.048
60.14 60 19.52 15-120 63.44 69.30 0.005
73.55 75 16.01 25-110  70.05 76.61 0.006
73.87 75 16.12 35-110  70.64 77.25 0.002
80.59 80 14.80 45-115  77.41 83.54 <0.001
77.69 75 16.63 30-120  74.40 81.18 <0.001

R: Right ear, L: Left ear, Mean: Average, Median: Middle value, SD: Standard deviation, Min-max: Minimum-maximum values, Cl: Confidence interval, p-value:

Significance level
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PTA SRT WRS Sli
: L R L R L R L
Mean 47.72 47.24 44.93 45.59 70.35 70.50 0.38 0.38
Younger Median 45.00 43.75 40.00 40.00 72.00 76.00 0.38 0.39
adults SD 17.25 16.74 16.63 15.75 20.19 18.71 0.26 0.24
Min-max 23.75-100  23.75-105.00  25.00-95.00 25.00-95.00  8.00-100.00 16.00-96.00  0.00-0.82 0.00-0.79
Mean 50.67 49.45 52.37 50.91 59.53 60.13 0.30 0.31
Older Median 51.25 48.75 50.00 50.00 60.00 64.00 0.27 0.31
adults SD 11.93 10.95 13.68 13.12 17.70 18.20 0.20 0.19
Min-max 27.50-87.50 27.50-80.00 25.00-95.00 20.00-85.00  0.00-92.00  0.00-92.00 0.00-0.73  0.00-0.72

R: Right ear, L: Left ear, Mean: Average, Median: Middle value, SD: Standard deviation, Min-max: Minimum-maximum values, PTA: Pure-tone average, SRT: Speech

reception threshold, WRS: Word recognition score, Sll: Speech intelligibility index

Correlations Between PTA, WRS, and SlI

Spearman’s rank correlation was used to examine the relationship
between WRS and Sl for both younger and older adults. A
strong positive correlation was observed between WRS and Sll in
younger adults for the right ear (r=0.73, p<0.001) and the left ear
(r=0.73, p<0.001). Similarly, older adults showed strong positive
correlations for the right ear (r=0.65, p<0.001) and the left ear
(r=0.70, p<0.001). The relationship between PTA and Sl was also
examined. In younger adults, very strong, statistically significant
negative correlations between PTA and Sll were observed in both
the right (r=-0.95, p<0.001) and left (r=-0.95, p<0.001) ears. Older
adults exhibited very strong negative correlations in both the right
(r=-0.93, p<0.001) and left (r=-0.94, p<0.001) ears. Scatterplots with
locally estimated scatterplot smoothing curves visually confirmed
trends in the relationships between the Sl and the WRS, and
between the Sl and the PTA. The relationship between SII and
WRS (Figure 2) showed a positive trend, suggesting that higher
Sll values correspond to improved word recognition performance
in both younger and older adults. In contrast, the relationship
between Sll and PTA (Figure 3) exhibited a negative, indicating
that increased PTA values were associated with reduced SlI.

AgeGroup
- OderAduts

= Younger Adus

S (Right Ear)

7 100 0 5
WRS (Left Ear)

50
WRS (Right Ea)

Figure 2. Relationship between SIl and WRS with LOESS curves

Sll: Speech intelligibility index, WRS: Word recognition score, LOESS:
Locally estimated scatterplot smoothing

Frequency-specific Correlations

Table 3 Spearman’s
coefficients (r) between hearing thresholds at various frequencies
and WRS and Sl in both younger and older adults. The analysis
revealed significant correlations across all examined frequencies,
highlighting age-dependent differences in these relationships. For
younger adults, hearing thresholds showed very strong negative
correlations with WRS and SlI, particularly at lower frequencies
(e.g., 1000 Hz: r=-0.914 for WRS-left and r=-0.89 for Sll-right;
p<0.001). Similarly, older adults exhibited significant correlations,

summarizes rank-order  correlation

Speech Intelligibility Index (Right Ear)

Speech Intelligibility Index (Left Ear)

Pure Tone Average (Left Ear)

Figure 3. Relationship between SIl and PTA with LOESS curves

Sll: Speech intelligibility index, PTA: Pure tone averages, LOESS: Locally
estimated scatterplot smoothing
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Younger adults

WRS Sl

Right Left Right Left

(r) (p) (r) (p) (r) (p) (r)
250Hz  -0.699 <0.001 -0.694 <0.001 -0.65 <0001 -0.64
500Hz  -0.780 <0.001 -0.755 <0.001 -0.74 <0.001 -0.72
1000Hz -0.920 <0.001 -0.914 <0.001 -0.89 <0.001 -0.88
2000Hz -0.866 <0.001 -0.853 <0.001 -0.84 <0.001 -0.81
4000Hz -0.514 <0.001 -0.592 <0.001 -047 <0001 -0.56
6000 Hz -0431 <0.001 -0.498 <0.001 -042 <0001 -0.45
8000 Hz -0.406 <0.001 -0.439 <0.001 -0.39 <0001 -042
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Older adults

WRS SlI

Right Left Right Left
(p) (r) (p) (r) (p) (r) (p) (r) (p)
<0.001 -0.75 <0.001 -0.7 <0.001 -0.7 <0.001 -0.68 <0.001
<0.001 -0.919 <0.001 -0.87 <0.001 -0.88 <0.001 -0.82 <0.001
<0.001 -0.921 <0.001 -0.938 <0.001 -0.89 <0.001 -0.92 <0.001
<0.001 -0.825 <0.001 -0.776 <0.001 -08 <0.001 -0.77 <0.001
<0.001 -0.486 <0.001 -0.367 <0.001 -045 <0.001 -0.35 <0.001
<0.001 -0.268 0.009 -0.313 0002 -025 0.013 -029 0.009
<0.001 -0.098 0.348 -0.231 0026 -01 0340 -02 0.045

WRS: Word recognition score, SII: Speech intelligibility index, r: Spearman’s correlation coefficient, Right: Right ear, Left: Left ear, p: p-value

with notable differences at higher frequencies where correlations
were generally weaker (e.g., at 8000 Hz: r=-0.406 for WRS-right in
younger adults versus r=-0.098 in older adults, p<0.05). Figure 4
illustrates the frequency-specific Spearman correlations for WRS
and the Sll across younger and older adults.

Comparison of Correlation Strength Between
Younger and Older Adults

The Fisher Z-test was conducted to compare the strength of
correlations between the Sl and WRS across younger and
older adults, examining whether the relationship differed
significantly between the two age groups. Because of the non-
normal distribution of our data, a bootstrap analysis was also
performed to estimate non-parametric confidence intervals (Cl)
for differences between correlations. The results revealed no
statistically significant differences in the correlation between the
SIl and WRS for younger and older adults in either the right ear
(2=0.86, p>0.05) or the left ear (Z=0.30, p>0.05). When comparing
WRS and SlI between younger and older adults across frequency-
specific hearing thresholds, the Fisher Z-test identified significant
differences at 500 Hz for both WRS (Z=3.3, p=0.005) and Sl
(Z=2.613, p=0.045). However, the bootstrap analysis for this
frequency did not support this finding, as the 95% Cl included
zero (Cl: -0.2528 to 0.3097). For the remaining frequencies,
the differences between the groups were also not statistically
significant (p>0.05).

DISCUSSION

In this study, we examined the feasibility of using the English-
based Sl among Turkish-speaking individuals with sensorineural
hearing loss the results showed significant correlations between
Sl and WRS, and between Sl and PTA and hearing thresholds at
individual frequencies, in both younger and older adults.

Hearing Loss and Speech Intelligibility

A strong negative correlation between Sll and PTA was observed.
Correlations between the thresholds (250-2000 Hz) and both
WRS and Sl were particularly high (>0.75) but decreased with

Ear -&- Left - Right

Age Group - - Older Adults — Younger Adults

Correlation Coefficient

0 2000 4000 6000 8000
Frequency (Hz)

Figure 4. Frequency-specific spearman correlations of WRS and
Sl

WRS: Word recognition score, SlI: Speech intelligibility index

increasing frequency. This is consistent with studies highlighting
the critical role of this frequency range in Sl and the association
between this frequency range and elevated BIFs (15,25,26).
Notably, the impact of language-specific characteristics on results
is highlighted by differences in BIFs across languages (6,9,27).
Similar to the differences observed in BIF, LTASS studies have
revealed language-specific features, suggesting that frequency
distributions may be influenced by the language’s phonetic
characteristics (11,28). These linguistic characteristics indicate that
Turkish relies more heavily on low- to mid-frequency bands and
less on high-frequency fricative information (e.g., /s/-like sounds).
This interpretation is consistent with the frequency-specific
patterns observed in our data.

Word Recognition and Speech Intelligibility

The findings of our study indicate that the English-based SlI,
despite lacking Turkish-specific BIF, retains robust sensitivity as
a general measure of audibility. A strong positive correlation
between SII and Turkish WRS in younger and older adults is
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consistent with previous studies confirming the predictive power
of Sl for speech recognition in both normal-hearing and hearing-
impaired individuals (13,16,29). We also found strong relationships
between WRS and frequency-specific thresholds, which suggest
that Sl derived from English may provide clinically meaningful
estimates in the Turkish-speaking population. Although this
confirms its utility as a functional baseline, the generalizability of
English-based standards remains questionable. The concentration
of information in the lower band in Turkish, driven by its LTASS
and agglutinative structure, suggests frequency-dependent
differences in Sll-performance predictions compared with English.
Factors such as Turkish vowel harmony, agglutinative structure,
vowel-to-consonant frequency ratios, and phonetic characteristics
may contribute to variations in Sl values across specific frequency
bands (11). Studies in other languages have shown that language-
specific Sl adaptations improve predictive accuracy (6,20,27).
Although the English-based SlI provides a functional baseline, we
believe that developing Turkish BIFs would be a logical next step
to enhance the precision of this metric within clinical protocols.

Effects of Age

Our results indicate that older adults exhibited significantly
higher SRTs and significantly lower WRSs than younger adults.
These findings are consistent with previous studies showing that
progressive hearing loss and age-related changes in cognitive
processes negatively affect speech-recognition performance
(16-18). However, no significant differences in the PTA or the Sl
were observed between younger and older adults. One possible
explanation for the lack of significant differences between the two
groups is the homogeneity of participants’ hearing loss and the
reliance of PTA and Sl results on average hearing thresholds. PTA
and Sl mainly reflect audibility; thus, compensatory effects across
frequencies might mask the age-related differences in these
summary measures. While the SlII effectively quantifies audibility
for speech intelligibility prediction, it does not fully account for
suprathreshold deficits associated with aging, such as reduced
temporal resolution and impaired speech-in-noise performance
(17,30,31). A high SlI value may therefore fail to capture these
limitations. Consequently, the Sl should be regarded primarily as
an audibility index rather than a complete measure of intelligibility.

Inboth younger and older adults, strong positive correlations were
observed between WRS and Sll, and strong negative correlations
between PTA and SIl. However, the Fisher Z-test showed no
statistically significant differences between the correlation
coefficients of these measures specifically between PTA and either
WRS or Sl across the groups at any tested frequency. Although
not statistically significant, the correlation coefficient for 500
Hz hearing thresholds was higher in older adults. However, this
trend decreased with increasing frequency. These observations
indicate that age-related changes in hearing, particularly in
critical frequency regions, may contribute to reduced predictive
accuracy of the Sl in older adults. Previous literature suggests
that the predictive accuracy of the SIl may deteriorate with age
(20,32), especially under challenging listening conditions (18).

J Acad Res Med 2026;16(1):17-23

Future studies should consider the impact of these age-related
differences on the development of Turkish-derived SIl models.

Clinical Implications and Future Directions

The studies of English-based Sl conducted with non-English-
speaking participants are limited. One study by Figueiredo et
al. (33) compared unaided and aided SlI values in Portuguese-
speaking children with respect to the degree and configuration
of hearing loss. They found that the average thresholds at 2000
Hz and 500 Hz were significant predictors of Sl 65 values. In
another study, the same researchers demonstrated how Sl values
varied at different input levels in a similar sample (34). Although
Sl is an important indicator based on sample data, the fact that
they did not evaluate its relationship with speech perception
creates uncertainty about the extent to which the results might
differ for this Portuguese-speaking population. Nigri and lério
(32) assessed the relationship between verified aided SlI, based
on the desired sensation level (DSL) formula, and WRS at 65 dB
SPL in Portuguese elderly individuals over 60 years of age and
found a weak linear correlation. In contrast to our study, they
found a weak relationship between aided Sll and WRS. A possible
explanation is that using the DSL v5 prescriptive method uniformly
for all participants and matching amplification targets to real-ear
measurements likely increased Sl scores significantly. Thus, the
SlI scores became more similar across participants, regardless
of individual differences in speech recognition. This produced
a ceiling effect, thereby attenuating the observed relationship
between Sll and WRS. None of these studies discussed the
linguistic dependency of Sl and its potential impacts on results.

The integration of English-based Sl values into audiological
assessment and hearing aid analysis tools raises questions about
their practical utility for non-English-speaking populations. Our
study has demonstrated that these values can provide significant
predictive utility for Turkish-speaking individuals. Nevertheless,
the age-related differences in correlation coefficients at specific
frequencies suggest that a linguistically adapted model could
offer even greater predictive accuracy, thereby providing a strong
rationale for establishing a Turkish-specific standard. Future
research should therefore aim to develop a Turkish-specific
model, primarily by deriving key language-specific parameters,
such as BIF and its associated transfer function.

Study Limitations

This study has several limitations. First, English-based Sl
calculations were applied to Turkish participants, thereby
ignoring Turkish-specific differences that may affect the SlI.
However, the aim of this preliminary study was to discuss
situations that may arise from this discrepancy and help establish
Sll standards. Second, the use of a 65-year cut-off, though
common in audiological research, may introduce bias because
of unequal group sizes and heterogeneous aging trajectories.
Third, SII values were obtained at a fixed speech level (65
dB SPL), limiting the generalizability to real-world listening
conditions. Additionally, due to the retrospective nature of the
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study design, heterogeneity among the obtained results may
affect the outcomes despite the inclusion criteria we used. This
should be taken into account. Lastly, analyses were conducted
at the ear level to preserve clinically meaningful ear-specific
variability. However, we acknowledge that ear level analyses may
introduce within subject non-independence that can modestly
reduce the effective sample size; therefore, p-values and Cls
should be interpreted with this consideration in mind.

CONCLUSION

The SlI, which is based on English, demonstrates clear, provisional
usefulness for Turkish-speaking individuals and aligns well with
WRS. However, reduced predictive accuracy among older adults
and frequency-specific differences support the development of
a Turkish-specific Sll. Clinically, the current SII can be used for
counseling and verification; however, caution is warranted in older
adults and in high-frequency-weighted contexts.
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ABSTRACT

Objective: Preeclampsia is a multisystemic disorder characterized by inflammation, platelet dysfunction, and target-organ involvement. Early
identification of disease severity is crucial for improving maternal and fetal outcomes. This study aimed to evaluate the association between
preeclampsia severity and hematological, biochemical, and derived inflammatory parameters.

Methods: This retrospective study included 135 pregnant women diagnosed with preeclampsia between 2020 and 2025 at a single tertiary center.
Patients were classified as having mild or severe preeclampsia based on American College of Obstetricians and Gynecologists criteria. Hematological
markers [hemoglobin, white blood cell (WBC), platelet, mean platelet volume (MPV)], biochemical parameters [aspartate aminotransferase (AST),
alanine aminotransferase (ALT), creatinine], and derived indices [neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), platelet-
to-neutrophil ratio (PNR)] were recorded. Group comparisons were performed using Student's t-test, Mann-Whitney U test, or Fisher's exact test as
appropriate. Statistical significance was set at p<0.05.

Results: Severe preeclampsia was associated with significantly higher hemoglobin (p=0.019), WBC (p=0.005), neutrophil counts (p=0.004), and AST,
ALT, and creatinine levels (p=0.003, p<0.001, p=0.002, respectively). Platelet counts were lower in severe cases (p=0.0411). No significant differences
were found in MPV (p=0.833), NLR (p=0.614), or PLR (p=0.109). PNR was significantly higher in the mild group (p=0.001), whereas NLR and PLR did
not differ significantly.

Conclusion: Severe preeclampsia is characterized by intensified inflammation, increased platelet consumption, and more pronounced organ
involvement. Among the inflammatory indices, PNR differed significantly between severe and mild disease groups, whereas NLR and PLR did not
differ significantly. Combined assessment of hematological and biochemical markers may provide a more comprehensive and reliable approach for
evaluating preeclampsia severity. PNR may represent a potential supportive parameter associated with disease severity; however, further studies,

including diagnostic performance analyses, are required.

Keywords: Preeclampsia, disease severity, platelet-to-neutrophil ratio, inflammatory markers

INTRODUCTION

Preeclampsia is a multisystemic and heterogeneous syndrome
affecting approximately 3-5% of pregnancies and is one of the
leading causes of maternal and perinatal morbidity and mortality
(1). The clinical spectrum ranges from mild cases to severe forms
accompanied by hepatic and renal dysfunction, hematologic
abnormalities, and neurological manifestations. Therefore, early
and accurate assessment of disease severity is critically important
for both maternal and fetal prognosis (1).

The most widely accepted mechanism in the etiopathogenesis
of preeclampsia involves abnormal trophoblast invasion and
insufficient spiral artery remodeling, leading to placental
hypoperfusion and ischemia (2,3). This hypoxic process triggers the

release of anti-angiogenic factors, oxidative stress products, and
proinflammatory mediators from the placenta into the maternal
circulation. These substances induce systemic endothelial
dysfunction, vasoconstriction, and activation of coagulation
pathways, thereby shaping the clinical presentation of the disease
(3,4). Consequently, the magnitude of the inflammatory response
becomes traceable through alterations in hematological and
biochemical parameters (4,5).

This systemic inflammatory response during pathogenesis leads
to measurable alterations in peripheral blood cells. Neutrophil
activation, a decrease in lymphocyte count, and impaired platelet
function constitute the hematologic reflections of the preeclamptic
process (5,6). Therefore, complete blood count parameters are
considered inexpensive and reproducible indicators that reflect
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the severity of inflammation. Derived inflammatory indices—
particularly the neutrophil-to-lymphocyte ratio (NLR) and
platelet-to-lymphocyte ratio (PLR)—have been reported to play
a significant role in the pathophysiology of preeclampsia (6-8).
Specifically, elevated NLR is associated with neutrophil-mediated
oxidative stress and endothelial activation, whereas increased PLR
may reflect platelet activation and the vascular response (7,8).

Furthermore, parameters associated with platelet function—
such as mean platelet volume (MPV)—and newly derived
indices, including the platelet-to-neutrophil ratio (PNR), have
also been proposed to correlate with disease severity (8,9).
However, evidence regarding the clinical utility of these ratios in
distinguishing the severity of preeclampsia remains limited.

Biochemical parameters reflect the manifestation of the systemic
inflammatory response in target organ injury. Elevations in
aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) indicate hepatic microcirculatory disturbance and
endothelial damage, whereas increased creatinine levels reflect
reduced renal perfusion and glomerular endotheliosis (10,11).
The fact that serum creatinine—which physiologically decreases
during pregnancy—shows a significant rise in preeclampsia further
supports the renal involvement of this systemic process (11).

Evaluating hematological parameters [hemoglobin, white blood
cell (WBC), platelet, MPV] and derived inflammatory ratios
(NLR, PLR, PNR), together with biochemical markers (AST, ALT,
creatinine), enables comprehensive characterization of the
inflammation-platelet activation-organ involvement axis of the
disease. The present study aimed to assess the associations
between hematological and biochemical parameters and disease
severity in cases of mild and severe preeclampsia.

METHODS
Study Design and Ethical Approval

This retrospective study involved reviewing the medical records
of pregnant women diagnosed with preeclampsia and followed
between 2020 and 2025 in the Department of Obstetrics
and Gynecology at University of Health Sciences Turkiye,
Gaziosmanpasa Training and Research Hospital. Ethical approval
for the study was obtained from the University of Health Sciences
Turkiye, University of Health Sciences Turkiye, Gaziosmanpasa
Training and Research Hospital, Clinical Research Ethics
Committee (decision no: 17, date: 21.03.2018), and the scope
of the approval was revised on 15 October 2025 to update the
research period to 2020-2025. All procedures were carried out in
accordance with the principles of the Declaration of Helsinki.

Inclusion and Exclusion Criteria

Pregnant women diagnosed with preeclampsia after the 20t week
of gestation who had complete laboratory data were included in
the study. Exclusion criteria consisted of chronic hypertension,
diabetes mellitus, hematologic disorders, chronic renal or hepatic
insufficiency, multiple pregnancy, and active infection. Based on
these criteria, a total of 135 patients were included in the study.
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Patient Grouping

The diagnosis of preeclampsia was established according
to criteria defined by international guidelines. Patients were
categorized into two groups—mild preeclampsia and severe
preeclampsia—according to the classification of the American
College of Obstetricians and Gynecologists (ACOG). Blood
pressure values, proteinuria levels, and clinical findings were
used solely for grouping purposes; therefore, they were neither
included in the analytical evaluations nor reported in the tables.

Collected Variables

Demographic data (age, gestational week, and mode of delivery)
and hematological parameters (hemoglobin, WBC, platelet count,
MPV, MCV, neutrophils, lymphocytes, monocytes, eosinophils,
and basophils) were recorded. In addition, derived inflammatory
indices—including the NLR, PLR, and PNR—were calculated. As
part of the biochemical assessment, AST, ALT, and creatinine
levels were evaluated.

Statistical Analysis

Continuous variables were presented as mean =+ standard
deviation or median [interquartile range (IQR)] according to data
distribution. Normality was assessed using the Shapiro-Wilk test,
and homogeneity of variances was evaluated with Levene's test.
For variables with a normal distribution, the Student’s t-test was
used; for those not normally distributed, the Mann-Whitney U test
was applied. Categorical variables were expressed as numbers
and percentages. Because expected cell counts fell below 5 in
some categories, Fisher's exact test was preferred for comparing
delivery modes. A p-value <0.05 was considered statistically
significant. Based on the post-hoc power analysis performed
using data from Mohamed and Ali (10), the current sample size
was determined to provide approximately 80% statistical power
for the analyses.

RESULTS

A total of 135 patients were included in the study, comprising
82 mild and 53 severe preeclampsia cases. The two groups were
similar in terms of maternal age [median (IQR): 30.00 (25.00-33.00)
vs. 28.00 (24.00-34.75) years, p=0.535), gravidity [median (IQR):
2.00 (1.00-4.00) vs. 3.00 (2.00-4.00), p=0.089], and parity [median
(IQR): 2.00 (1.00-2.00) vs. 2.00 (1.00-2.00), p=0.159). However,
gestational age at delivery was significantly lower in the severe
preeclampsia group compared with the mild preeclampsia group
[median (IQR): 36.00 (36.00138.00) vs. 38.00 (37.00139.00) weeks,
p<0.001]. The mode of delivery did not differ significantly between
the severe and mild preeclampsia groups; cesarean section was
the predominant route in both (96.2% vs. 93.9%, respectively;
p=0.710) (Table 1).

The comparison of hematological and biochemical parameters is
presented in Table 2. Hemoglobin levels were significantly higher
in the severe preeclampsia group compared with the mild group
(p=0.019). WBC values were also significantly elevated in the
severe group (p=0.005), whereas platelet counts were significantly
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higher in the mild group (p=0.041). Among the biochemical DISCUSSION
parameters, the levels of AST, ALT, and creatinine were significantly
higher in the severe preeclampsia group (p=0.003, p<0.001, and
p=0.002, respectively). No significant difference in MPV values
was observed between the groups (p=0.833).

In this study, hematological, biochemical, and derived
inflammatory indices were compared between mild and severe
preeclampsia cases, and the biological manifestations of the
disease along the inflammation-platelet activation-organ
Inflammatory cell counts and derived indices are presented in involvement axis were evaluated. The findings indicate that, as the
Table 3. Neutrophil counts were significantly higher in the severe severity of preeclampsia increases, marked deterioration occurs in

preeclampsia group than in the mild group (p=0.004). There both hematological and biochemical profiles.
was no significant difference between the groups in terms of

lymphocyte counts (p=0.535). NLR and PLR values were similar
between the two groups, with no statistically significant differences
(p=0.614 and p=0.109, respectively). In contrast, PNR levels were
significantly higher in the mild preeclampsia group (p=0.001).

The significantly higher hemoglobin levels observed in the
severe preeclampsia group are consistent with the fundamental
pathophysiological mechanisms of the disease. Placental
hypoperfusion and widespread endothelial dysfunction lead to
intravascular fluid loss and a reduction in plasma volume, resulting

Variable Severe (n=53) Mild (n=82) p-value
Age (years) 30.00 (25.00-33.00) 28.00 (24.00-34.75) 0.535
Gravidity 2.00 (1.00-4.00) 3.00 (2.00-4.00) 0.089
Parity 2.00 (1.00-2.00) 2.00 (1.00-2.00) 0.159
Gestational age (weeks) 36.00 (36.00-38.00) 38.00 (37.00-39.00) <0.001
Mode of delivery - CS 51 (96.2%) 77 (93.9%) 0.710*
Mode of delivery - NSD 2 (3.8%) 5(6.1%) -

Continuous variables are presented as medians (IQR, 25"-75" percentiles), and categorical variables are presented as numbers and percentages. Because the
distributions were non-normal, the Mann-Whitney U test was used for between-group comparisons
*: The comparison of the mode of delivery was performed using Fisher's exact test, CS: Cesarean section, NSD: Normal spontaneous delivery

Parameter Severe (n=53) Mild (n=82) p-value
Hemoglobin (g/dL) 12.00+1.45 11.39+1.49 0.019
WBC (10°/L) 12.10 (9.90-14.30) 9.91 (9.00-12.57) 0.005
Platelet (107/L) 204.06+72.45 229.56+65.93 0.041
MPV (fL) 10.00+1.08 9.96+1.14 0.833
AST (IU/L) 24.00 (19.00-71.00) 20.90 (16.00-26.85) 0.003
ALT (IU/L) 16.00 (10.00-50.25) 10.00 (8.25-17.75) <0.001
Creatinine (mg/dL) 0.57 (0.51-0.71) 0.52 (0.48-0.59) 0.002

Hemoglobin, platelet count, and MPV were compared using Student's t-test; all other parameters were compared using the Mann-Whitney U test due to their
non-normal distribution. Parameters analyzed with Student's t-test are presented as mean + standard deviation, whereas those analyzed with the Mann-Whitney
U test are presented as median (interquartile range, 25-75% percentile)

WBC: White blood cell, MPV: Mean platelet volume, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase

Parameter Severe (n=53) Mild (n=82) p-value
Neutrophils (103/pL) 8.60 (6.71-10.30) 7.09 (5.85-8.68) 0.004
Lymphocytes (103/pL) 2.07 (1.66-2.58) 2.07 (1.64-2.44) 0.535
NLR 3.00 (2.00-5.00) 3.00 (2.00-4.00) 0.614
PLR 93.00 (70.00-135.00) 108.50 (86.00-139.75) 0.109
PNR 24.00 (16.00-33.00) 29.00 (25.00-38.00) 0.001

All variables are presented as medians (interquartile range, 25%-75% percentiles). All parameters in this table were compared using the Mann-Whitney U test
because the data were not normally distributed
NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio, PNR: Platelet-to-neutrophil ratio
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in relative hemoconcentration and consequently elevated
hemoglobin levels (1). This mechanism is considered part of the
vasoconstrictive and hypovolemic response frequently seen in
severe preeclampsia. However, findings in the literature regarding
the relationship between hemoglobin levels and preeclampsia
severity are inconsistent; while some studies have reported no
significant association (10), others have indicated that hemoglobin
levels do not parallel the clinical presentation (12). The increase
in hemoglobin observed in our study aligns with the volume
contraction seen in severe cases, suggesting that this parameter
may provide supportive information for assessing disease severity.

The marked elevation of WBC and neutrophil counts in the
severe preeclampsia group reflects the systemic inflammatory
component of the disorder. Neutrophil activation, oxidative
stress generation, and endothelial injury play central roles in
the pathogenesis (2,4). Neutrophilia has been associated with
preeclampsia severity in numerous studies, consistent with the
findings of our study (5,10,13). The wide standard deviation of
neutrophil counts in the mild group may indicate variability in
individual inflammatory responses. The absence of a significant
difference in lymphocyte counts suggests that the neutrophil-
dominant inflammatory response may not have resulted in
pronounced lymphocyte suppression.

The significantly lower platelet counts observed in the severe
group may be explained by platelet consumption secondary
to  coagulation preeclampsia.  Endothelial
injury, exposure of the subendothelial matrix, and increased

activation in

microthrombus formation lead to the withdrawal of platelets from
the circulation (3,8). This finding is consistent with reports in the
literature indicating that thrombocytopenia is associated with
disease severity (8,14,15).

The absence of a significant difference in MPV levels aligns with
the conflicting findings reported in the literature. While some
studies have suggested that MPV may indicate increased platelet
activation, others have demonstrated that it is not a reliable
discriminator (7,14). Therefore, MPV alone may not serve as a
dependable marker.

The markedly elevated AST, ALT, and creatinine levels observed in
the severe preeclampsia group represent biochemical evidence of
endothelial injury and target-organ involvement. Hepatocellular
impairment and microcirculatory disturbance lead to increases in
hepatic enzymes, whereas glomerular endotheliosis and reduced
filtration contribute to elevated creatinine levels (1,10,11). Our
findings are largely consistent with the literature reporting more
pronounced renal and hepatic dysfunction in severe preeclampsia
(11,12).

The absence of significant differences in NLR and PLR values
between the two groups suggests these ratios may be influenced by
population characteristics, the timing of sampling, and individual
variability in inflammatory burden. Although several studies have
reported increased NLR and PLR levels in severe preeclampsia
(6,7,13), other series have found no significant differences (4,9).
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Moreover, evidence indicates that the performance of derived
inflammatory indices in distinguishing disease severity is not
consistently reliable (16,17). Our findings align with the latter
group of studies, suggesting that NLR and PLR may have limited
value in differentiating severe preeclampsia.

One of the most notable findings of this study is that PNR values
were significantly higher in the mild group compared with the
severe group. Since PNR represents the ratio of platelet count to
neutrophil count, it simultaneously reflects platelet consumption
and neutrophil elevation. Although data on PNR in the literature
are limited, it has been suggested that this index may decrease
in conditions where inflammation and platelet activation increase
concurrently (14,18). Our results indicate that PNR values differed
significantly between mild and severe preeclampsia groups,
suggesting a potential association with disease severity. However,
since diagnostic performance analyses such as ROC/AUC were
not performed in the present study, the true discriminatory value
of PNR cannot be determined. Further prospective studies are
required to evaluate its diagnostic accuracy.

Moreover, the ease of calculating PNR from routine complete
blood count parameters enhances its applicability in clinical
practice.

Overall, the severe preeclampsia group demonstrated markedly
increased inflammation (WBC, neutrophils), enhanced platelet
consumption (reduced platelet count, decreased PNR), and
more pronounced organ involvement (AST, ALT, creatinine).
These findings support the progressive, multisystemic nature
of preeclampsia. The lack of significant differences in NLR and
PLR reflects the inter-population variability of these biomarkers
(19,20) and suggests that PNR may represent a potentially useful
adjunct parameter. A combined assessment of hematological
and biochemical markers may offer a more comprehensive and
reliable approach for determining disease severity.

This study has several notable strengths. First, all patients were
followed at the same center, and laboratory measurements were
performed under a single standardized protocol, which reduced
biological and technical variability and thereby enhanced
the internal validity of the results. The classification of mild
and severe preeclampsia according to ACOG criteria further
strengthened the accuracy of group stratification. Additionally,
the simultaneous evaluation of hematological, biochemical,
and derived inflammatory indices provided a comprehensive
approach—integrating inflammation, platelet activation, and
organ involvement—and enabled a multidimensional assessment
of disease severity. Furthermore, the analysis of PNR as a severity
marker, despite the limited data in the literature, represents one
of this study’s original contributions.

Study Limitations

This study has several limitations. Due to its retrospective design,
the study’s ability to establish causal relationships is limited, and
missing records may introduce potential bias. The sample size—
particularly the relatively small number of patients in the severe
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preeclampsia group—may restrict the statistical power of the
study. Measuring laboratory parameters at a single time point
may not fully capture the dynamic nature of the inflammatory
response. Despite strict exclusion criteria, residual confounding
related to subclinical inflammation or unmeasured variables
cannot be completely ruled out. Although gestational age was
included as a baseline characteristic, the absence of multivariable
analysis limits the ability to fully adjust for potential confounders.
Additionally, the single-center design and a lack of evaluation
across populations with different demographic characteristics
limit the generalizability of the findings.

CONCLUSION

Severe preeclampsia is characterized by markedly increased
inflammation, enhanced platelet consumption, and more
pronounced organ involvement. While NLR and PLR may not
always be sufficient to distinguish disease severity, PNR differed
significantly between mild and severe preeclampsia groups and
may serve as a potential adjunct marker. However, its clinical
diagnosticvalue should be confirmed in larger prospective studies.
A combined assessment of hematological and biochemical
markers may provide a more comprehensive and reliable
approach for determining preeclampsia severity. Supporting
these findings with larger sample sizes and prospective study
designs will strengthen their applicability in clinical practice.
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ABSTRACT

Objective: Methanol intoxication is life-threatening and often needs urgent intervention due to severe metabolic disturbances. This study aims
to evaluate Chernoff faces (CF) as a visual tool for representing patient prognosis. It also aims to support rapid clinical decision-making in cases of
methanol intoxication.

Methods: This retrospective study included 81 patients who presented to the emergency department with methanol intoxication. Key biochemical
parameters—pH, bicarbonate (HCO,), base excess, and creatinine—were recorded before and after dialysis. CF, a graphical method for displaying
multidimensional data, were used to visualize these values. The technique illustrated both individual—and group—level changes in metabolic status.
Results: The cohort comprised 81 patients (6 females, 75 males; mean age: 52.9 years). After dialysis, significant improvements were observed: pH
and HCQO, levels increased, while blood urea nitrogen and creatinine levels decreased. Chernoffs facial features clearly depict these changes. Pre-
dialysis patients exhibited distressed facial expressions, reflecting severe acidosis. Post-dialysis faces appeared more harmonious and “smiling”,
suggesting metabolic recovery. This visual shift was consistent across the entire group and in selected individuals. The method effectively and
intuitively demonstrated clinical improvement.

Conclusion: CF provides a practical, visually intuitive method for monitoring metabolic recovery in methanol intoxication. By enabling rapid
assessment of complex data, this tool enhances decision-making, particularly in time-sensitive settings like mass poisonings. Further studies will
expand its use to other clinical contexts requiring the swift interpretation of multidimensional parameters.

Keywords: Methanol intoxication, Chernoff faces, multidimensional data, data visualization, emergency medicine

INTRODUCTION anion-gap metabolic acidosis (5). Clinically, methanol poisoning

. ) progresses through three phases: an early phase with non-specific
Methanol is a clear, colourless, and odourless solvent widely used

in industry as an antifreeze and cleaning agent; it is produced
via wood distillation. It is often mistaken for ethanol and illegally
added to cheap alcoholic beverages, leading to accidental and

symptoms (nausea, headache, vomiting), a latent phase with few
or no symptoms, and a late phase marked by severe metabolic
acidosis, visual disturbances (blurred vision, photophobia,

) . o L o diplopia), and central nervous system depression (6,7).
intentional poisonings. While ingestion is the most common route,

transdermal and inhalation exposures have also been reported (1-
4). Methanol is rapidly absorbed from the gastrointestinal tract,

Treatment involves  stabilization, antidotal therapy, and
extracorporeal elimination. Airway, breathing, and circulation
are secured with oxygen and IV fluids. Antidotes (ethanol or
fomepizole) inhibit alcohol dehydrogenase, thereby preventing
the formation of toxic metabolites. A loading dose followed by a

reaching peak serum levels within 30-60 minutes. Its toxicity stems
from its metabolites-formaldehyde and formic acid. Formic acid
inhibits mitochondrial oxidative phosphorylation, leading to high-
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maintenance infusion aims to achieve serum levels of 100-150 mg/
dL. Fomepizole is given at 15 mg/kg IV every 12 hours, adjusted
by response and labs to minimize side effects (8,9).

In severe cases, hemodialysis rapidly eliminates methanol and
its metabolites while correcting acidosis (10). Folate and sodium
bicarbonate (HCO,) support formatted metabolism and acid-
base balance (11). In the busy emergency department, clinicians
must evaluate multiple biochemical parameters to guide
treatment. Complex interactions may not be easily understood
using numerical data. Alternative visualization methods can help
interpret multidimensional data. Chernoff faces (CF), invented by
Chernoff (12) in 1973, are widely used to visualize complex datasets
by mapping multiple variables to facial features such as eye size,
mouth curvature, and nose length. This technique, developed
for general data analysis, has been used in psychology, social
sciences, engineering, and finance to find patterns, clusters, and
anomalies in large datasets (13). CF enables medical researchers
to visually represent clinical data and compare multiple variables
in an intuitive, interpretable format.

Computational algorithms generate CF. Each facial feature
represents a variable in a multidimensional dataset. Any change in
the 18 parameters alters the facial structure; therefore, each face
visually encodes a unique, 18-dimensional data point. For datasets
with fewer variables, missing dimensions are filled with fixed
values to maintain consistency (12). Stata, Python, MATLAB, and R
can create CF. These tools make complex datasets visual. Trends
and relationships are easier to identify than when presented in
tables or as numerical data. This method helps researchers and
clinicians interpret large-scale data more easily and holistically.

J Acad Res Med 2026;16(1):29-35

This study examined CF as a multidimensional data visualization
toolin emergency medicine, particularly for interpreting metabolic
parameters and guiding clinical management. The parameters
and facial features of the original CF are presented in Table 1 and
Figure 1.

—_ e —_———

CHERNOFF FACE

Figure 1. The original Chernoff face

Table 1. Parameters and facial features represented in the original Chernoff face

Parameter (X)
X1

Feature
Face width (h*)

Description
Horizontal width of the face, low values correspond to narrower faces

Horizontal level of the ears based on distance from the face center

Curvature of the mouth, indicating positive or negative expressions

X2 Ear level (6%)

X3 Face height (h) Vertical height of the face

X4 Upper face eccentricitys Roundness or ellipticity of the upper half of the face
X5 Lower face eccentricity Roundness or ellipticity of the lower half of the face
X6 Nose length Length of the nose, high values indicate longer noses
X7 Mouth center (P ) Vertical position of the mouth

X8 Mouth curvature

X9 Mouth length Width of the mouth

X10 Height of eye center (Ye) Vertical position of the eyes

X11 Eye separation (Xe) Distance between the two eyes

X12 Eye slant (6) Horizontal slant of the eyes

X13 Eye eccentricity Ovality or roundness of the eyes

X14 Eye length (Le) Size of the eyes

X15 Pupil position Position of the pupil within the eye

X16 Eyebrow height (Yb) Vertical position of the eyebrows

X17 Eyebrow angle (6**) Angle of the eyebrows

X18 Eyebrow length Length of the eyebrows

h*: A normalized (standardized) measure representing facial width. It expresses a relative (proportional) value rather than an absolute length,
0*: An angular parameter indicating the position of features (e.g., ear level) relative to the facial center,

P_: A normalized parameter representing the vertical position of the mouth center,

** (double asterisk): A derived angular measurement, particularly used for parameters such as eyebrow angle that define facial expressions
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METHODS
Study Design

This research was conducted as a retrospective, observational
study and was approved by the izmir Katip Celebi University Ethics
Committee on March 21, 2024, under decision number 0175. It
was conducted in accordance with ethical and scientific standards
and was approved unanimously by the committee.

Study Population

Patients aged 18 years and older with methanol intoxication who
received dialysis between November 1, 2015, and September
1, 2022 were included. Eligible patients were identified in the
hospital database using international classification of diseases
codes F10 (alcoholic mental and behavioral disorders) and T51.1
(methanol toxicity). Confirmation was obtained by reviewing
nephrology and internal medicine consultations. Of the 92
patients initially identified, 6 were excluded due to missing data
and 5 were excluded because they did not receive dialysis. For
the final study, clinical and laboratory data from 81 patients were
extracted from records and stored in a structured database.

Variables

The collected data included demographics (age, gender) and
mode of hospital arrival (ambulance or self-admission).

Clinical symptoms: blurred vision, altered mental status, suspected
alcohol intake, nausea/vomiting, syncope, dyspnea

Laboratory parameters: blood urea nitrogen (BUN), creatinine,
sodium, potassium, chloride, calcium, pH, partial pressure of
carbon dioxide (PaCO,), HCO,, lactate, ethanol, base excess,
amylase, total bilirubin, international normalized ratio (INR).

These laboratory values were mapped to different facial features
in a multidimensional visualization using CF.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics (Standard
Concurrent User, v. 27, IBM Corp., Armonk, New York, USA).
Descriptive statistics were presented as the number of units (n),
percentage (%), mean + standard deviation, median, minimum,
and maximum values. The normality of the numerical variables
was assessed using the Shapiro-Wilk normality test. Values that
met the prerequisites for parametric tests were analyzed using
the paired t-test; otherwise, the Wilcoxon signed-rank test was
used. A p-value <0.05 was considered significant. Each laboratory
parameter was mapped to a facial feature for CF visualizations.
Assignments included: face—height (BUN), width (PaCO,), and
shape (lactate); mouth—height (sodium, HCO,) and curvature
(smile; pH); eye—height (base excess) and width (ethanol); hair—
height (potassium, chloride, calcium); nose—height (creatinine,
amylase); and ear—width (total bilirubin) and height (INR). This
variable-feature mapping is shown in Table 2.

Data visual data visualization was performed in RStudio version
2024.04.2 using the "aplpack” package for CF representation.
This study used CF to visualize pre- and post-dialysis laboratory
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parametersin patients with methanolintoxication. Representations
of metabolic changes after treatment made it easy to understand
these changes.

RESULTS

This study included 81 patients: 6 women and 75 men. The
average age was 52.9 years, ranging from 18 to 77. The emergency
department received 38 walk-ins and 43 ambulance arrivals.
Blurred vision (20 patients) and altered mental status (37 patients)
were the most common symptoms. Overall, 54.3% of patients
required intensive care. 12.3% of ED patients died (exitus), while
13.6% were discharged. The descriptive statistics for the patients
are presented in Table 3.

Post-dialysis laboratory values showed a significant decrease
in BUN and creatinine levels (p<0.01). While sodium levels
remained unchanged (p=0.815), potassium levels significantly
decreased (p<0.001). Treatment resulted in a significant increase
in pH, indicating an improvement in metabolic acidosis (p<0.001).
Lactate levels decreased slightly after treatment (p=0.053).
Additionally, levels of base excess, HCO,, INR, and total bilirubin
significantly improved (p<0.001). Laboratory values and data
visualization before and after dialysis are presented in Table 4 and
Figure 2.

Data visualization and CF were generated from the average
laboratory data of all patients, collected before and after dialysis.
The CF technique effectively demonstrated the variations in
biochemical parameters pre- and post-dialysis. The pH levels
associated with the “smile” feature of the faces increased
significantly post-treatment, from 7.04£0.23 to 7.17+0.24

Corresponding

Chernoff face parameter
laboratory value

Face height BUN

Face width PaCO,
Face structure Lactate
Mouth height Sodium
Mouth width HCO,
Smile pH

Eye height Base deficit
Eye width Ethanol
Hair height Potassium
Hair width Chloride
Hair style Calcium
Nose height Creatinine
Nose width Amylase
Ear width Total bilirubin
Ear height INR

BUN: Blood urea nitrogen, INR: International normalized ratio, PaCO,:
Partial pressure of carbon dioxide, HCO,: Bicarbonate
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(p<0.001). The change was visually evident in the post-treatment
facial appearance, with a more pronounced smile, signifying
improvement in metabolic acidosis. BUN levels decreased from
16.33+14.29 to 14.71+12.05 (p=0.010), indicating a corresponding

Variables n %
Gender

Female 6 7.4
Male 75 92.6
Age

X + SD 52.90+14.33

M (min-max) 56 (18-77)
Admission type

Walk-in 38 46.9
Ambulance 43 53.1
Presenting symptoms

Blurred vision 20 24.7
Altered mental status 37 45.7
Suspected alcohol intake 16 19.8
Nausea/vomiting 3 3.7
Syncope 2 2.5
Dyspnea 3 3.7
Mortality

Exitus 18 22.2
Survive 63 77.8
Outcome

Exitus 10 12.3
Intensive care 44 54.3
Inpatient ward 12 14.8
Left against medical advice 4 49
Discharged 1 13.6

x: Mean, SD: Standard deviation, M: Median

J Acad Res Med 2026;16(1):29-35

reduction in face height in the CF. This visual alteration indicated
an improvement in renal function. Creatinine levels demonstrated
a significant reduction (from 1.33+0.52 to 1.21+0.56, p=0.004),
which correlated with a decrease in nose height in the visual
representation. HCO, levels, correlated with mouth width,
increased from 11.31+6.88 to 15.55+7.31 (p<0.001), indicating a
wider mouth in post-treatment faces, which visually reflected the
correction of metabolic acidosis. Ethanol levels, indicated by eye
width, decreased from 65.22+103.44 to 52.17+89.63 (p=0.028),
resulting in narrower eyes in post-treatment faces. The base
deficit, associated with eye height, improved significantly from
-17.87+9.85 to -7.35+8.26 (p<0.001), resulting in elevated eye
positions in the post-treatment faces. Potassium levels, correlated
with hair height, decreased from 4.94+1.16 to 4.23+1.19 (p<0.001),
resulting in shorter hairin the visual representation. representation.

Total bilirubin levels, indicated by ear width, rose from 0.66+0.62
to 1.01£0.75 (p<0.001), leading to an increase in ear width in post-
treatment subjects.

The pre-dialysis CF depicted features consistent with impaired
metabolic and renal function, including elongated facial features
and reduced pH. In contrast, the post-dialysis facial appearance
demonstrates significant changes: a shorter, broader structure;
a noticeable smile indicating pH normalization; and wider eyes
suggesting improved metabolic status.

Case Examples

CF is shown in four randomly selected patients to demonstrate
their clinical features. To ensure impartial representation of the
study population, these patients were selected without selection
criteria. The comparison of pre- and post-dialysis biochemical

Measurement times

Test statistic

Variable

Before After Test value p-value
BUN 13 (9) 11 (7.50) 2.593 0.010¢
Creatinine 1.24 (0.63) 1.11 (0.69) 2.898 0.004*
Sodium 137.33+5.59 137.23+5.01 0.235 0.815¢
Potassium 4.80 (1.60) 3.90 (1.40) 5.080 <0.001*¥
Chloride 102.0 (6.50) 103.0 (6.50) 0.869 0.385*
Calcium 8.78+0.86 8.66+0.88 1.524 0.131¢
pH 7.10 (0.37) 7.30 (0.36) 5.144 <0.001*
PaCO, 32.5(21.05) 34.10 (14.05) 1.505 0.132¢
HCO, 8.90 (7.60) 16.90 (13.50) 5.143 <0.001*
Lactate 4.30 (8.20) 3.0 (7.05) 1.936 0.053*
Ethanol 10.0 (76.0) 10.0 (25.0) 2.194 0.028*
Base excess -21.0 (11.50) -6.0 (11) 6.538 <0.001*
Amylase 75.0 (57.50) 68.0 (80) 1.715 0.086*
Total bilirubin 0.46 (0.50) 0.84 (0.97) 4.480 <0.001*
INR 0.97 (0.14) 1.04 (0.23) 4.061 <0.001*

Data are expressed as mean + standard deviation or median (interquartile range)

¥ Wilcoxon signed-rank test, £ Paired samples t-test, PaCO,: Partial pressure of carbon dioxide, HCO,: Bicarbonate
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parameters in the case series and CF, based on individual data
from four selected patients, is shown in Table 5 and Figure 3.

In the first patient, the pre-dialysis facial appearance was tense

Dayioglu et al.
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poisoning. The patient initially presented with a severely distorted
facial appearance due to extreme acidosis (pH 6.60, base deficit
-27). After treatment, facial balance improved; however, residual

acidosis (pH 7.19, base deficit -11) left the mouth relatively narrow.
Overall, CF offered a unique visual summary of patients’ clinical
progression. Changes in smile, eye position, and facial symmetry
corresponded to key biochemical improvements, enabling rapid
and intuitive assessment of treatment effectiveness.

DISCUSSION

Methanol poisoning, a rare but serious medical condition,
is caused by industrial or illegal alcohol consumption (1,2).
Outbreaks can strain healthcare systems. Managing complex
metabolic disturbances during crises requires timely and accurate
clinical decision-making. Methanol intoxication causes rapid
fluctuations in pH, base deficit, HCO,, and lactate, making real-
time assessment crucial for patient outcomes.

and asymmetrical, reflecting severe metabolic derangement.
Elevated lactate (15.0) and PaCO, (36.0) distorted the facial
structure, while extreme acidosis (pH 6.60) created a pronounced
frown. Post-dialysis, normalized values (lactate 1.2, pH 7.49, HCO,
25.1) produced a more symmetrical, smiling facial appearance,
visually confirming an improved acid-base balance.

Similarly, the second patient’s face narrowed after PaCO, dropped
from 50.7 to 31.6, and the frown softened as pH improved from 6.8
to 7.3. An increase in HCO, (5.9 to 15.3) and a reduction in lactate
(13.6 to 8.7) further normalized facial features. These changes
reflected respiratory and metabolic recovery.

The third patient showed subtle but meaningful improvements:
pH increased from 7.33 to 7.37, base excess from -3 to 3, and
HCO, from 21.4 to 25.5; a sharp drop in ethanol (286 to 10) and

narrowing of the pupils, indicating detoxification after methanol CF has been studied and applied in epidemiology, environmental

sciences, and social sciences since Hermann Chernoff introduced
itin 1973, butits use in clinical medicine remains limited. One study
has compared them to star plots and profile graphs (14). Some
researchers have shown that CF elicits rapid visual awareness,
but data analysis has mostly focused on detecting psychological

ﬂlqm AT 00 P states and on depicting heart rate and other physiological data
— in evaluations of adolescent social anxiety, enabling non-experts

to accurately discern patterns and deviations from established

norms (15-18). In this study, we aim to understand not only

Before dialysis After dialysis patients’ central state but also their metabolic state upon arrival

at emergency services. Because the facial results are binary

Figure 2. Chernoff face derived from pre- and post-dialysis mean (white or black), more facial-point variables are needed to better

data understand the severity of patients. In a 1992 study by Phillipou (19),

E Patient 1 Patient 2 Patient 3 Patient 4
Before After Before After Before After Before After

BUN 12 12 21.0 21.0 10 12 8 8
PaCO, 36.0 29.7 50.7 31.6 41.5 48.3 53.9 43.6
Lactate 15.0 1.2 13.6 8.7 2.1 1.4 8 5.5
Sodium 140 134 138.0 139.0 143 144 135 132
HCO, 3.8 25.1 59 15.3 214 25.5 10.6 15.6
pH 6.60 7.49 6.8 7.3 7.33 7.37 6.60 7.19
Base excess -26 -1 -24.2 -10.7 -3 3 -27 -1
Ethanol 10 10 10 10 286 10 397 10
Potassium 4.7 3.7 5.4 3.2 3.7 3.8 5.9 3.6
Chloride 105 105 105 105 99 104 102 104
Calcium 9.1 8.7 9.3 9.3 9.1 9.4 7.5 6.5
Creatinine 1.29 1.62 1.8 1.8 0.81 0.82 1.53 1.45
Amylase 283 181 78 78 77 63 175 116
Total bilirubin 0.85 1.00 0.4 0.4 0.31 0.50 0.18 0.18
INR 1.07 0.97 1.0 1.0 0.93 0.95 0.97 1.41

BUN: Blood urea nitrogen, INR: International normalized ratio, PaCO,;: Partial pressure of carbon dioxide, HCO,: Bicarbonate
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Case 1 Case 2

Case 3 Case 4

Pre-dialysis

Post-
dialysis

Figure 3. Chernoff faces based on individual data from four selected patients

CF was used to visually represent capillary blood glucose levels
in diabetic individuals, facilitating rapid assessment of glucose
regulation and temporal trends. This method enables both
patients and healthcare providers to comprehend complex data
more effectively than with conventional charts or tables. In studies
by He et al. (20) and Shi et al. (21), the authors claim that machine
learning, specifically RNN-LSTM, can precisely forecast the onset
of acute kidney disease in patients with sepsis-associated acute
kidney injury. Moreover, flexible machine learning techniques are
widely used for predicting acute kidney injury, yet more complex
deep learning models are emerging (22). As CF is a machine
learning starter model, and among its advantages, rapid results
are the most important, it can be used in emergency services in
triage areas for multiple illnesses, such as methanol intoxication
CF has been used to visually represent cancer incidence rates
and to interpret large-scale health data in epidemiology (23). Lott
and Durbridge (24) demonstrated how CF could be employed
to track metabolic and biochemical changes in critically ill
patients, thereby facilitating the interpretation of complex
laboratory trends. In orthodontic research, CF has been utilized
to visualize morphological changes before and after treatment
(25). In this study, the pre- and post-treatment data of patients
who presented to the emergency department with methanol
intoxication were visualized, and their potential contributions to
clinical decision-making were examined. The results indicated that
facial visualizations generated from key laboratory parameters
commonly monitored in methanol intoxication could serve as
effective tools to support clinical decision-making before and
after treatment. Although this study focused specifically on CF—
one of the most widely used methods of data visualization—the
findings underscore the broader value of data visualization in
enhancing diagnostic and therapeutic processes. Previous studies

have reported that CF is an effective tool for displaying trends in
laboratory data and assisting in the recognition of abnormalities in
acute care settings (24,26,27). Considering advances in technology
and artificial intelligence, it is increasingly apparent that data
visualization can be used more effectively. The conclusion that
data visualization may be a useful tool in acute conditions such as
methanol intoxication, which require urgent treatment and close
monitoring, is therefore particularly significant. More research has
examined which facial features are most perceptually informative
(27,28). Eye size and mouth width are more intuitively recognized
by observers, making them effective for visually encoding critical
variables, while nose length and ear width had less impact on
information retention (27). This study linked metabolic markers
to distinct facial features, such as pH (smiling expression), HCO,
(mouth width), base deficit (eye height), and ethanol (eye width),
highlighting treatment-related changes. Pre- and post-dialysis
average laboratory values for all patients showed a striking
difference in CF values. Post-treatment, the face showed improved
metabolic stability, whereas the pre-treatment face showed
severe metabolic derangement. Individual case analyses showed
clear correlations between laboratory improvements and facial
transformations, supporting the clinical use of CF.

Study Limitations

CFSs have limitations despite their benefits. As the number of
variables increases, facial representation becomes more complex,
potentially causing cognitive overload. Chernoff noted that
exceeding 18 variables could reduce interpretability and reduce
the technique’s ability to convey nuanced details (12). Graphical
representations simplify data interpretation, but they may
obscure numerical subtleties and require additional analytical
methods for high-precision evaluations. Integrating CF into
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clinical applications requires appropriate software and technical
infrastructure, which may pose logistical and financial challenges
for healthcare institutions. The retrospective single-center design
of our study limits it. Future research should validate these findings
in larger, prospective cohorts to investigate the potential of CF for
real-time clinical decision-making. Researchers and clinicians can
assign facial features to parameters based on their study, thereby
enabling highly adaptable data representation. This flexibility may
limit study comparability due to the lack of a standardized feature-
variable mapping method. Each study must explicitly define its
parameter assignments, as a map legend does, because there is
no universal framework. Implementation in clinical settings may
require additional training to ensure that healthcare professionals
accurately interpret visualized data.

CONCLUSION

CF visualizes multivariate data by mapping variables to facial
features, thereby facilitating pattern recognition and comparison.
They work well in clinical and emergency medicine. We found that
CF may benefit emergency medicine, particularly during mass-
casualty events in which rapid patient assessment is essential.
It visualizes complex metabolic changes to improve triage,
prioritize treatment, and monitor patients. More standardization
and validation of CF are needed to help healthcare professionals
manage critical cases.

Ethics

Ethics Committee Approval: The study was approved by the izmir Katip
Celebi University Ethics Committee on March 21, 2024, under decision
number 0175.

Informed Consent: This research was conducted as a retrospective study.

Footnotes

Author Contributions: Concept - E.S.B., M.G.E.; Design - E.S.B.; Data
Collection and/or Processing - MA.T., EK.; Analysis and/or Interpretation
- M.G.E;; Literature Search - M.AT,, EK.; Writing - E.S.B., M.G.E.

Conflict of Interest: The authors have no conflicts of interest to declare.

Financial Disclosure: The authors report that no financial support was
received for this study

REFERENCES

1. Bennett IL Jr, Cary Fh, Mitchell GL Jr, Cooper MN. Acute methyl alcohol
poisoning: a review based on experiences in an outbreak of 323 cases.
Medicine (Baltimore). 1953; 32: 431-63.

2. Barceloux DG, Bond GR, Krenzelok EP, Cooper H, Vale JA; American
Academy of Clinical Toxicology Ad Hoc Committee on the Treatment
Guidelines for Methanol Poisoning. American Academy of Clinical
Toxicology practice guidelines on the treatment of methanol poisoning.
J Toxicol Clin Toxicol. 2002; 40: 415-46.

3. Kruse JA. Methanol poisoning. Intensive Care Med. 1992; 18: 391-7.
Hizarci B, Erdogan C, Karaaslan P, Unlukaplan A, Oz H. Transdermal
methyl alcohol intoxication: a case report. Acta Derm Venereol. 2015;
95: 740-1.

5. Bitar ZI, Ashebu SD, Ahmed S. Methanol poisoning: diagnosis and
management. A case report. Int J Clin Pract. 2004; 58: 1042-4.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Dayioglu et al.
Chernoff Faces in Methanol Intoxication

Brent J. Fomepizole for ethylene glycol and methanol poisoning. N Engl
J Med. 2009; 360: 2216-23.

Hayreh MS, Hayreh SS, Baumbach GL, Cancilla P, Martin-Amat G, Tephly
TR, et al. Methyl alcohol poisoning Ill. Ocular toxicity. Arch Ophthalmol.
1977, 95: 1851-8.

Wedge MK, Natarajan S, Johanson C, Patel R, Kanji S. The safety of
ethanol infusions for the treatment of methanol or ethylene glycol
intoxication: an observational study. CJEM. 2012; 14: 283-9.

Bestic M, Blackford M, Reed M. Fomepizole: a critical assessment of
current dosing recommendations. J Clin Pharmacol. 2009; 49: 130-7.
Bouchard J, Lavergne V, Roberts DM, Cormier M, Morissette G,
Ghannoum M. Availability and cost of extracorporeal treatments for
poisonings and other emergency indications: a worldwide survey.
Nephrol Dial Transplant. 2017; 32: 699-706.

Lim CS, Bryant SM. Forgoing the folate?-Contemporary recommendations
for methanol poisoning and evidence review. Am J Ther. 2016; 23: e850-
4.

Chernoff, H. The use of faces to represent points in K-dimensional space
graphically. J Am Stat Assoc. 1973; 68: 361-8.

Celik S, Akdamar E. Big data and data visualization [BUlyuk veri ve veri
gorsellestirme]. Akademik Bakis Dergisi. Uluslararasi Hakemli Sosyal
Bilimler E-Dergisi. 2018; 65: 253-64. Turkish.

Lee MD, Reilly RE. An empirical evaluation of Chernoff faces, star glyphs,
and spatial visualisations for binary data. InVis.au. 2003; 24: 1-10.

Carp J, Park J, Polk TA, Park DC. Age differences in neural distinctiveness
revealed by multi-voxel pattern analysis. Neuroimage. 2011; 56: 736-43.
De Los Reyes A, Augenstein TM, Aldao A, Thomas SA, Daruwala S,
Kline K, et al. Implementing psychophysiology in clinical assessments
of adolescent social anxiety: use of rater judgments based on graphical
representations of psychophysiology. J Clin Child Adolesc Psychol. 2015;
44: 264-79.

Akbulut S, Celebi N. Diagnosis and prediction of Alzheimer's disease
by Chernoff faces. In: 2023 Innovations in Intelligent Systems and
Applications Conference (ASYU). 2023; 303-8.

De Los Reyes A, Aldao A, Qasmieh N, Dunn EJ, Lipton MF, Hartman
C, et al. Graphical representations of adolescents’ psychophysiological
reactivity to social stressor tasks: reliability and validity of the Chernoff
face approach and person-centered profiles for clinical use. Psychol
Assess. 2017; 29: 422-34.

Phillipou G. Graphical display of capillary blood glucose data using
Chernoff faces. Diabet Med. 1992; 9: 293-4.

He J, Lin J, Duan M. Application of machine learning to predict acute
kidney disease in patients with sepsis associated acute kidney injury.
Front Med (Lausanne). 2021; 8: 792974.

ShiJ, Han H, Chen S, Liu W, Li Y. Machine learning for prediction of acute
kidney injury in patients diagnosed with sepsis in critical care. PLoS One.
2024; 19: e0301014.

Vagliano |, Chesnaye NC, Leopold JH, Jager KJ, Abu-Hanna A, Schut
MC. Machine learning models for predicting acute kidney injury: a
systematic review and critical appraisal. Clin Kidney J. 2022; 15: 2266-80.
Rahu M. Graphical representation of cancer incidence data: Chernoff
faces. Int J Epidemiol. 1989; 18: 763-7.

Lott JA, Durbridge TC. Use of Chernoff faces to follow trends in
laboratory data. J Clin Lab Anal. 1990; 4: 59-63.

Battagel JM. Chernoff faces: an orthodontic application. Br J Orthod.
1995, 22: 135-44.

Dunn EJ, Aldao A, De Los Reyes A. Implementing physiology in
clinical assessments of adult social anxiety: a method for graphically
representing physiological arousal to facilitate clinical decision-making. J
Psychopathol Behav Assess. 2015; 37: 587-96.

Yurtsever G, Arikan C, Acar H, Sorgun O, Bora ES. Methanol poisoning
in the emergency department: a retrospective study. J Health Sci Med
2022; 5: 949-53.

Soete G, Corte W. On the perceptual salience of features of Chernoff
faces for representing multivariate data. Applied Psychological
Measurement. 1985; 9: 275-80.



36

Original Investigation

DOI: 10.4274/jarem.galenos.2026.34713
J Acad Res Med 2026;16(1):36-42

Effectiveness of the Mini-clinical Evaluation Exercise in

Otorhinolaryngology Training

Sezen Milli Avtan

University of Health Sciences Tiirkiye, Hamidiye Faculty of Medicine, Department of Medical Education, istanbul, Tiirkiye

Cite this article as: Milli Avtan S. Effectiveness of the mini-clinical evaluation exercise in otorhinolaryngology training. J Acad Res Med.

2026;16(1):36-42

ABSTRACT

Objective: This study aimed to evaluate the impact of the mini-clinical evaluation exercise (mini-CEX) on clinical competence and educational
outcomes in otorhinolaryngology (ENT) training across different educational levels.

Methods: A systematic review and meta-analysis was conducted in accordance with Preferred Reporting Items for Systematic reviews and Meta-
analyses 2020 guidelines. PubMed/MEDLINE, Scopus, Web of Science, and Google Scholar were searched for studies assessing the mini-CEXin ENT
education. Eligible studies included pre-post or observational designs reporting quantitative outcomes. Random-effects meta-analysis was used to
calculate standardized mean differences (SMD) with 95% confidence intervals (Cls). Risk of bias was assessed using NIH and Newcastle-Ottawa tools.
Results: Five studies, including 506 trainees and over 2,600 mini-CEX encounters, were included. Mini-CEX implementation resulted in a large,
statistically significant improvement in overall clinical competence (SMD=1.29; 95% Cl 1.01-1.57; p<0.001), with moderate heterogeneity (1?=52%).
Improvements were observed across all competency domains, with the largest effects in physical examination and history-taking skills. The assessment
was feasible within routine clinical practice, with high levels of learner engagement and faculty acceptance.

Conclusion: Mini-CEX is an effective and practical formative assessment tool for improving clinical competence in ENT training. Its integration into

competency-based curricula may support sustained improvements in clinical performance.

Keywords: Mini-CEX, otorhinolaryngology, ENT education, workplace-based assessment, clinical competence, meta-analysis

INTRODUCTION

Medical education requires students to learn clinical abilities
which include surgical competencies as essential elements for
their development (1). Medical education today requires more
than theoretical knowledge assessment because students must
demonstrate their abilities through real clinical work (2,3). The
traditional educational system bases its teaching methods on
teacher authority which makes students receive information
without participation thus resulting in decreased student interest
andinferior academicresults (1). The development of competency-
based educational models has become essential because surgery
and emergency medicine need their new physicians to perform
correct immediate decisions based on their limited clinical
experience (4).

The medical education system of competency-based medical
education (CBME) works to minimize the difference between
academic learning and clinical skills through its focus on formative
assessment which serves as the core assessment method (5).
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The assessment system includes workplace-based assessments
(WPBA) tools that allow direct observation of trainees during
their work in real clinical environments and help overcome the
weaknesses of conventional assessment approaches. The mini-
clinical evaluation exercise (mini-CEX) stands as one of the most
commonly used assessment tools which the American Board of
Internal Medicine developed through its mini-CEX program (1,6).
The mini-CEX assesses seven essential areas which include medical
interviewing and physical examination and professionalism and
clinical reasoning and counseling skills and organizational skills
and overall clinical competence through direct observation with
immediate structured feedback (1,4,6).

The literature contains substantial evidence that mini-CEX
implementation leads to improved clinical competence across
various medical specialties. The combination of mini-CEX with
a teaching method that divides content into sections leads to
better resident results in both written and practical tests (1). The
combination of mini-CEX with checklist-based assessment tools
in emergency medicine and intensive care rotations has shown

Copyright® 2026 The Author(s). Published by Galenos Publishing House on
behalf of University of Health Sciences Tirkiye Gaziosmanpasa Training and
Research Hospital. This is an open access article under the Creative Commons
AttributionNonCommercial 4.0 International (CC BY-NC 4.0) License.
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success in enhancing both diagnostic precision and procedural
adherence (4). The instrument functions as a vital educational
resource for infectious diseases training because it enables
residents to study biosafety standards and delivers them with all
necessary patient infection information (5).

The mini-CEX assessment provides special value to
otorhinolaryngology (ENT) practitioners because it evaluates
their ability to perform complex motor tasks and their skills in
microscopic and endoscopic procedures which represent the
highest level of clinical competence according to Miller's Pyramid
(3). The research evidence from meta-analyses and prospective
studies shows that mini-CEX improves clinical competencies
and faculty-student communication for ENT students at both
undergraduate and postgraduate levels (6). The evidence shows
this tool functions as an effective formative assessment method
which produces valid and reliable results in non-physician
healthcare fields including dietetics (7).

The implementation of mini-CEX in clinical practice faces multiple
obstacles which stem from time limitations and excessive work
for faculty members and differences in evaluation between raters
(2,5). The method needs specific training programs for medical
school faculty members and proper implementation methods
to succeed as a sustainable clinical teaching approach in busy
hospital settings (2,6).

The objective of this meta-analysis is to assess how the mini-CEX
affects clinical competence, skill development, and educational
outcomes in ENT residency training programs. The research
investigates how mini-CEX affects clinical competence in ENT
education at three educational stages: undergraduate, internship,
and residency programs and their impact on six competency
areas: history taking, physical examination, clinical decision-
making, communication, professionalism, and organization/
efficiency. The research will use an extensive analytical method
to study secondary educational results including feasibility and
educator-learner satisfaction. The research results will help create
better, more sustainable educational systems that support CBME
reform initiatives.

METHODS
Study Design and Reporting Standards

The research design consisted of a systematic review and meta-
analysis that assessed the effectiveness of mini-CEXin ENT training
programs. The review followed the guidelines from PRISMA
2020 for Preferred Reporting Items for Systematic Reviews and
Meta-analyses (8,9). The researchers created a protocol before
starting their research, while following all established criteria
for participant selection, measurement procedures, and data
processing techniques.

Eligibility Criteria

The research team selected studies for evaluation based on their
assessment of mini-CEX applications in ENT training programs.
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The population of interest included medical trainees at different
stages of training, namely undergraduate medical students,
medical interns, and postgraduate ENT residents.

The research focused on using the mini-CEX as an assessment
tool that healthcare providers used to evaluate their performance
during clinical work in ENT facilities providing outpatient,
inpatient, and emergency services.

The research included baseline data from before-after studies,
as well as standard assessment methods that used comparison
groups.

The research team obtained its main results through changes
in mini-CEX scores and global competency-rating assessments,
which showed how mini-CEX implementation affected clinical
competence. The study measured two additional outcomes which
consisted of changes in competency scores that fell under specific
domains including history taking and physical examination and
clinical judgment and professionalism and communication and
counseling skills and organization/efficiency (10). The research
team monitored two main outcome variables: trainee and teacher
contentment with mini-CEX implementation, and the length of
assessment and feedback sessions and the number of mini-CEX
encounters per trainee.

The research included all studies that used prospective and
retrospective  observational methods, and interventional
educational designs with pre-post structures and control-group
options. The research team eliminated all studies that were case
reports, narrative reviews, editorials, conference abstracts lacking
measurable quantitative information or that focused on subjects
other than ENT training.

Information Sources and Search Strategy

The research team performed an extensive search of the
PubMed/MEDLINE, Scopus, Web of Science, and Google Scholar
databases. The search included studies published up to the most
recent available date (11).

The following keywords and medical subject headings were used
in various combinations: the search terms included “mini-CEX” OR
“Mini Clinical Evaluation Exercise” AND “Otorhinolaryngology”
OR “ENT” AND “medical education” OR “clinical competence”
OR "formative assessment”.

The research team conducted a manual review of reference lists of
relevant articles to identify additional eligible studies.

Study Selection

The reference management software received all retrieved
records, which allowed researchers to eliminate duplicate entries
from the dataset. Title and abstract screening was performed
independently by two reviewers to assess potential eligibility.
The research team performed a full-text evaluation of all articles
that were potentially relevant to determine which studies met the
established inclusion criteria. Reviewers at both stages needed to
reach a common understanding through discussion of all points.
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Data Extraction

Data extraction was conducted independently by two reviewers
using a predefined, standardized data-extraction form. The
research team extracted the following data from each included
study: the authors’ publication year and the country and location
where the study was conducted. The research design of this study
followed a specific method described by the authors. Participants
were categorized into specific groups based on their training
level and demographic characteristics. The research involved
participants who completed multiple mini-CEX assessment
sessions. The assessment included multiple domains that were
evaluated using specific scoring systems. The study presented
both pre-intervention and post-intervention mean scores
together with their corresponding standard deviations. The
researchers documented both participant satisfaction levels and
the practicality of the intervention.

The research team used established statistical methods to convert
medians, ranges, and graphical data into means and standard
deviations for quantitative analysis.

Risk of Bias Assessment

Two reviewers used validated tools that meet the requirements
of educational intervention research to conduct independent
assessments of the methodological quality of the included
studies. The National Institutes of Health Quality Assessment Tool
for Before-After Studies assessed pre-post design studies, and the
Newcastle-Ottawa Scale, with educational research modifications,
assessed observational studies.

The assessment results enabled researchers to determine the risk of
bias for each study, which they classified into three categories: low,
moderate, and high risk of bias. The team members discussed and
reached agreement on the final risk-of-bias judgments for all studies.

Statistical Analysis

This research used a random-effects model in the meta-analysis
to account for expected differences between studies arising
from their methodological and educational variations. The
research team combined continuous data using standardized
mean differences (SMDs; Hedges' g), including 95% confidence
intervals (Cls) to enable comparison across studies despite varying
scoring systems.

The assessment of statistical heterogeneity used Cochran’s Q test
to identify variations, while the |2 statistic evaluated the degree
of heterogeneity, with higher values indicating more substantial
differences. The study conducted subgroup analyses based on
training level when sufficient data were available to analyze three
trainee groups: undergraduate medical students, medical interns,
and postgraduate residents.

The researchers performed sensitivity analyses to determine how
each study affected the combined effect estimates by removing
one study at a time. Assessment of publication bias was conducted
by visual inspection of funnel plots when sufficient studies were
available to perform the evaluation.
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All statistical analyses were conducted using standard meta-
analysis software and statistical significance was defined as a two-
sided p-value <0.05.

Subgroup analyses were planned based on training level
(undergraduate, internship, and residency) when sufficient data
were available.

As this study utilized data from previously conducted research, no
additional ethical approval was required for the present analysis.

RESULTS

The study selection process is illustrated in the flow diagram
(Figure 1).

Study Selection and Included Studies

The research team conducted a systematic screening and
eligibility assessment and selected five studies that assessed the
effectiveness of the mini-CEX for ENT training. The research team
selected these five studies for their meta-analysis because they
met all the criteria established for inclusion. The research included
participants who were medical trainees at various levels of their
education, including 444 undergraduate medical students, 50
ENT interns, and 12 ENT postgraduate residents. The study
included 506 trainees who participated in more than 2600 mini-

Figure 1. Flow diagram of the study selection process

WoS: Web of Science, ENT: Otorhinolaryngology
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CEX assessments that took place in outpatient, inpatient, and
emergency departments.

Study Characteristics

The included studies were published between 2015 and 2025
and originated in South Asia, primarily in India and Pakistan. The
mini-CEX assessment was evaluated in three research studies that
focused on undergraduate medical education programs, while two
additional studies examined ENT interns and ENT postgraduate
residency training. The research design used in all studies was
a pre-post educational assessment that incorporated mini-CEX
as either a formative or a WPBA tool. The mini-CEX evaluation
required trainees to participate in two to six patient interactions,
each followed by immediate structured feedback (Table 1).

Primary Outcome: Overall Clinical Competence

All included studies demonstrated a statistically significant
improvement in overall clinical competence following mini-CEX
implementation. Random-effects meta-analysis revealed a large
effect size favoring mini-CEX (SMD=1.29; 95% CI 1.01-1.57;
p<0.001). Between-study heterogeneity was moderate (12=52%),
reflecting variations in trainee level, assessment scales, and
educational settings.

Subgroup Analysis by Training Level

Subgroup analysis was planned to compare the impact of mini-
CEX across different training levels (undergraduate students,
interns, and residents). However, due to the limited number of
included studies and insufficient reporting of stratified outcome
data, a formal subgroup meta-analysis was not feasible.

Descriptive comparisons suggest that the magnitude of
improvement was greater for interns and postgraduate trainees
than for undergraduate students, as reflected by larger absolute
score changes. These findings should be interpreted with caution
and require confirmation in future studies with more homogeneous
and stratified datasets.

Pre-post Improvement in Overall Competence
Scores

Across studies reporting quantitative pre-post data, improvements
in overall competence scores were consistently observed. The
magnitude of improvement varied by scoring scale and trainee
level, with the largest absolute gains observed in intern and
postgraduate cohorts (Table 2).
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Domain-specific Competency Outcomes

Pooled analyses of domain-specific outcomes demonstrated
significant improvements across all assessed competency
domains. The largest effects were observed in physical examination
and history-taking skills, while professionalism and organizational
efficiency showed moderate but consistent gains (Table 3).

Feasibility and Acceptability Outcomes

Mini-CEX was consistently reported to be feasible and well
accepted by both trainees and faculty in all included studies. The
mean duration of a single mini-CEX encounter was between 11
to 16 minutes, with an additional 5 to 10 minutes allocated for
structured feedback. The average number of encounters per
trainee ranged from three to six, and no study reported significant
disruption to routine ENT clinical workflow. High levels of learner
engagement and faculty satisfaction were noted, supporting the
practicality of integrating mini-CEX into ENT training curricula.

As shown in Table 4, implementation of the mini-CEX was
associated with statistically significant improvements in clinical
competence among ENT interns and residents. All within-study
analyses demonstrated significant pre-post gains, and the pooled
significance analysis confirmed a robust overall effect favoring
mini-CEX (p<0.001) (Table 4).

DISCUSSION

The study employs a systematic review and meta-analysis to
demonstrate that mini-CEX implementation results in substantial,
statistically significant improvements in clinical competence
among ENT trainees across educational stages. This study
confirmed earlier educational research showing that direct
observation with structured feedback produces the best learning
outcomes for students acquiring clinical competencies in real-
world practice. The research provides quantitative evidence of
improvements in ENT education that exceed those of previous
studies by presenting precise results for the specific field of ENT
education that requires advanced psychomotor and endoscopic
examination skills.

The physical examination and history-taking competencies
demonstrated the greatest improvement through domain-level
assessments because these fundamental skills enable doctors
to make correct diagnoses and choose appropriate procedures
in ENT practice. The educational value of moderate gains in

Author (year) Country  Training level fiazr:ple Study design ﬁ:ﬁ:ﬁi):rs Outcome measure
Sowmya et al. (3) (2025) India ENT postgraduate 12 Prospective interventional 3 Total mini-CEX score
Sivaraman et al. (12) (2024)  India Undergraduate (ENT) 149 Retrospective pre-post >5 Domain scores
Shafgat et al. (13) (2022) Pakistan ~ Undergraduate 199 Prospective pre-post 2 Clinical performance
Saeed et al. (14) (2015) Pakistan ~ Undergraduate 96 Longitudinal observational ~ ~10/year  Skill progression
Gurumani et al. (15) (2025)  India ENT interns 50 Prospective pre-post 3.2+0.6 Overall competence

ENT: Otorhinolaryngology, mini-CEX: Mini-clinical evaluation exercise
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professionalism, communication, and organizational efficiency
important because these competencies directly
affect patient safety, healthcare quality, and interprofessional
teamwork. The research findings validate the CBME model that
uses workplace assessments to help students develop their skills
through progressive learning.

remains

Feasibility outcomes further strengthen the translational
relevance of mini-CEX. The research showed that assessment time
remained short enough to fit within standard medical practice,
while participants in both groups expressed strong interest in the
assessment. The research findings solve one major problem with
WPBA, namely time consumption and demonstrate that proper
implementation methods allow educational programs to become
permanent parts of clinical training in busy medical facilities.

The research data show that statistical heterogeneity exists at a
moderate level because different trainee levels, scoring systems,
and educational settings produced these varying results. The
results provide strong evidence because sensitivity analyses and
all studies indicate the same direction of effect. The upcoming
multicenter trials will determine the optimal number of patient

Post-
Study (year) Pre- mini-CEX mini-CEX Mean
Yy mean * SD mean * difference
SD
Gurumani et al. (15) (2025) 5.0+0.8 7.2+0.7 +2.2
Sowmya et al. (3) (2025) 36.1+£3.2 47428 +11.3
Saeed et al. (14) (2015) 6.78+1.3 7.49+14  +0.71

mini-CEX: Mini-clinical evaluation exercise, SD: Standard deviation

Competency domain :&oéed 95% Cl :Enif::':;:;::tion
History taking 1.25 0.96-1.54  Large
Physical examination 1.38 1.06-1.70  Large
Clinical judgment 1.18 0.87-1.49 Large

Communication/

1.07 0.74-1.40 Moderate-large

counseling
Professionalism 0.91 0.57-1.25 Moderate
Organization/efficiency 1.02 0.70-1.34  Moderate-large

SMD: Standardized mean differences, Cl: Confidence interval
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interactions and the optimal feedback delivery method that
support physician competence, through their implementation
of mini-CEX protocols and their tracking of patient outcomes at
different time points.

The study has several limitations that should be acknowledged.
The review process becomes difficult because there are not
enough ENT-specific studies, which makes it impossible to apply
research findings across different population groups. The majority
of included studies employed pre-post educational designs which
lacked randomized controls thus creating potential bias because
of participant development and additional training activities (3,12-
15). Third, the studies conducted in South Asia show a geographic
concentration, which reduces the generalizability of findings to
other healthcare systems worldwide. Research results show that
mini-CEX produces equivalent educational outcomes across
diverse healthcare environments despite its limitations.

This meta-analysis demonstrates, based on statistical evidence,
that mini-CEX improves ENT students’ clinical skills and has
potential for use in standard medical practice. The implementation
of structured WPBA in ENT curricula provides an evidence-
based approach to improving medical training through practical
assessment methods that support competency-based education.
The development of official mini-CEX implementation protocols
should be the focus of future research for tracking surgeons’
development and conducting location-based tests that will
enhance the tool’s effectiveness in surgical training.

Study Limitations

Several limitations of this study should be acknowledged. First,
the number of eligible studies that specifically investigated the
mini-CEX in ENT training was relatively limited. Consequently, the
pooled analysis was based on a small number of studies, which
may restrict the generalizability of the findings.

Second, most of the included studies employed pre-post
educational designs  without
Although these designs are commonly used in medical education
research, they may introduce sources of bias, including maturation
effects, concurrent educational interventions, and uncontrolled
contextual factors that could influence observed improvements
in clinical competence.

randomized control  groups.

Third, the majority of the included studies were conducted in South
Asian countries, particularly India and Pakistan. This geographical
concentration may limit the external validity of the results, as

Study (year) Training level Comparison Statistical test Test statistic p-value
Gurumani et al. (15) (2025) ENT interns (n=50) 5.0+£0.8—7.2+0.7 Paired t-test t (49)=20.6 <0.001
. 5 Repeated- .
Sowmya et al. (3) (2025) ENT residents (PGY-1,n=8)  36.1—-47.4 measures ANOVA F=21.799 <0.00001
. . Fisher's combined
Pooled significance* Interns+residents - y?=34.7 <0.001

probability test

*Pooled significance was calculated by combining the p-values of the included studies using Fisher’s combined probability test, ENT: Otorhinolaryngology,

PGY: Program for first postgraduate year, ANOVA: Analysis of variance
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educational structures, clinical training environments, and assessment
cultures may differ across healthcare systems and regions.

Fourth, variability in training levels (undergraduate students,
interns, and residents), mini-CEX implementation protocols,
scoring scales, and the number of assessment encounters may
have contributed to the moderate statistical heterogeneity
observed in the meta-analysis. Although a random-effects model
was used to account for such variability, these methodological
differences should be considered when interpreting the pooled
estimates.

Finally, while this review demonstrates improvements in clinical
competence scores, most studies assess short-term educational
outcomes. Long-term effects of mini-CEX implementation
such as sustained competency development, impact on clinical
performance over time, and potential effects on patient care
outcomes remain insufficiently explored.

Future research should therefore include larger multicenter
studies with standardized mini-CEX implementation protocols
and longer follow-up periods to better evaluate the durability and
broader educational impact of this assessment method in ENT
training.

CONCLUSION

The findings across diverse medical and health disciplines,
including surgery, pediatrics, emergency medicine, infectious
diseases, ENT, and dietetics, consistently demonstrate that
the mini-CEX is an effective and feasible formative assessment
instrument. The present study indicates that the structured
implementation of mini-CEX significantly enhances trainees’
clinical competencies, with substantial improvements observed in
medical interviewing, physical examination, and clinical reasoning
skills.

A principal strength of the mini-CEX lies in its alignment with the
principles of CBME and in its capacity to assess performance
at the “does” level of Miller's Pyramid within authentic clinical
contexts. Evidence suggests that the tool not only enhances
practical performance but also correlates positively with
outcomes in traditional summative examinations, indicating that
the competencies and self-confidence acquired are transferable
to formal assessment settings. Moreover, innovative adaptations
such as integrating mini-CEX with segmented teaching strategies
or structured checklists have demonstrated superior outcomes
by effectively bridging the gap between theoretical knowledge
acquisition and procedural standardization.

Despite high satisfaction levels reported by both faculty and
trainees, the sustainability of mini-CEX implementation is
challenged by systemic barriers, primarily time constraints in high-
volume clinical environments and the need for structured faculty
development. To overcome these limitations, institutions should
consider adopting distributed assessment models that integrate
evaluations into routine clinical workflows, in conjunction with
digital scoring platforms, to minimize administrative burden.
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The mini-CEX serves as a transformative mechanism for mentored
clinicallearning, promoting continuous student-faculty interactions
and timely, constructive feedback. Although its construct validity
has been supported, including in non-physician health disciplines
such as dietetics, future research should prioritize multicenter
trials with larger sample sizes to assess the long-term durability
of competency gains and the direct impact of those gains on
patient care outcomes. The systematic integration of mini-CEX
into undergraduate and postgraduate curricula represents a
critical step toward enhancing the quality of clinical education and
preparing a highly competent healthcare workforce.
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ABSTRACT

Objective: This study aimed to compare nasalance values obtained using the Praat-assisted Nasalance Meter (PANM) and the Nasometer Il model
(NMII) 6450 by examining the effects of hardware and software configurations and evaluating the strength of the linear relationships between
measurements derived from these systems.

Methods: A total of 60 healthy participants (17 men, 43 women) aged 18-23 years were included. Acoustic signals were recorded and analyzed
separately using PANM and NMII hardware and software configurations. PANM measurements were obtained using 80-1000 Hz and 300-750 Hz
bandpass filters, whereas NMIl measurements were obtained using a 300-750 Hz bandpass filter. Data were analyzed using Pearson correlation and
two-way repeated-measures analysis of variance (ANOVA).

Results: Positive correlations were observed between nasalance scores obtained from different hardware and software configurations (p<0.05).
Repeated-measures ANOVA revealed significant main effects of both software and hardware across speech materials. NMII software yielded higher
nasalance scores than PANM software, whereas PANM hardware produced higher scores than NMII hardware in most speech materials. Similar
patterns were observed across different types of speech materials.

Conclusion: The findings demonstrate that nasalance scores obtained from the PANM and NMII systems vary according to hardware and software
configurations. Although measurements showed linear associations, the consistent differences observed across speech materials indicate that
system-specific technical properties influence score magnitude. Therefore, hardware and software configurations should be carefully considered

when interpreting and reporting nasalance scores in clinical and research settings.

Keywords: Velopharyngeal dysfunction, nasal resonance, nasalance measurement, Praat

INTRODUCTION

Nasal measurement is a widely used technique for clinical
evaluation of nasal resonance disorders (1). The nasalance
score obtained from this measurement is calculated by dividing
the nasal acoustic energy by the sum of nasal and oral acoustic
energies (also called “total acoustic energy”), and multiplying
this by 100 (2). In this context, different systems have different
software and hardware to measure nasalance [e.g., Nasometer
6200 (Kay Elemetrics Corp.), Nasometer Il 6400 (KayPENTAX,
Inc.), Nasometer Il 6450 (KayPENTAX, Inc.), Nasometer 6500
(KayPENTAX, Inc.), NasalView (Tiger DRS, Inc.), OroNasal Nasality
System (Glottal Enterprises, Inc.)] (1,3).

The aforementioned systems, which play an active role in the
diagnostic and therapeutic processes of nasal resonance disorders
are usually expensive and/or relatively difficult to access. This may

be a challenge for clinicians and researchers dealing with nasal
resonance disorders. Therefore, the Praat-assisted Nasalance
Meter (PANM) system, which has free software, is easily accessible
and requires only low-cost materials was developed by the first
author and was standardized by Kili¢ et al. (4).

The PANM system consists of hardware with earphones acting as
microphones on both sides (upper and lower) of the separator
plate to measure nasalance and software to calculate the
nasalance score in a computer environment. The software of
the PANM system is designed as the Praat (5) plugin and has an
easy-to-use interface, which also runs on Praat after installation.
Headphones are used instead of microphones to minimize costs
and facilitate the accessibility of PANM hardware. Dynamic
headphones use the electromagnetic field created by a vibrating
diaphragm and a copper coil around a magnet. As a result, they
have the same working principle as dynamic microphones. Thus,
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headphones, in addition to being cost-effective, can also function
as microphones that allow minimal sound transmission between
microphones, especially for nasalance measurement (6). Another
important aspect of this research is that the pair of microphones
used in this study is a matched pair. For this reason, the researchers
tested their assumption that a matched pair of headphones can
maintain this property when used as a microphone, and when the
frequency response curves were analysed, they found that both
microphones had a similar frequency response (Figure 1). In this
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context, it should not be forgotten that an audio interface capable
of stereo recording is required to record the acoustic energy from
the nose and mouth separately for the PANM system to work
correctly.

The aim of this study was to compare nasalance values obtained
using the Nasometer Il and the PANM by examining the effects
of hardware and software configurations on nasalance scores and
by evaluating the strength of the linear relationships between
measurements derived from these systems.
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Figure 1. Frequency response curves of microphones at 2, 5 and 30 cm distance
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METHODS

Participants

A total of 60 adults, consisting of 43 women and 17 men aged
18-23 years, were included in this study. The criteria for inclusion
in the study were (1) not having hearing loss, (2) not having a
physiological and anatomical anomaly that would impair speech
and speech intelligibility, (3) not having a runny nose and/or nasal
congestion during the study, and (4) not having a perceptually
significant resonance disorder.

This study was conducted in accordance with the principles of the
Declaration of Helsinki. Written informed consent was obtained
from all participants prior to participation in the study. Ethical
approval to conduct the study was obtained from the Non-
Interventional Research Ethics Board (number: 61351342/2020-
653, date: 31.12.2020) of Uskiidar University.

Data Collection Tools and Procedure

The necessary information about the programs and instructions
for the PANM software were turned into an internet link, shared
with the readers in this article (link: https://bit.ly/2Xt608x).
Necessary documents related to PANM software and hardware
are located in the file named "PANM Script”. Nasalance score
analyses can be easily performed with the “Simplified Nasalance
Measurement” button on the Praat interface of the PANM Plugin,
and the audio signal recorded with the "TextGrid for PANM,”
entered via the "Annotate” button, can be divided into target
segments and analyzed collectively. Detailed information on this
analysis is provided in Appendix 1.

An important distinguishing feature of PANM software from
nasalance measurement batteries is that the band filter setting can
be changed easily. Therefore, the filter settings used in this study
were 80-1000 Hz according to researchers’ recommendations (4,7)
and the 300-750 Hz filter ranges were preferred for comparing
the PANM software with the Nasometer Il model (NMII) software.
Consequently, two different bandpass-filter settings were used in
this research, and the analyses were carried out on these two filter
settings.

The PANM equipment comprises a headset (Philips SHE1350)
with two microphones on a 3 mm-thick plexiglass plate. One
side of the plate has a concave morphology that coincides with
the mouth and nose, and an integrated plexiglass handle that
separates the energy emanating from the mouth and nose. The
headphones use a 3.5 mm jack and are positioned 20 mm from the
concave edge of the plate. This distance was preferred because of
the low sensitivity of the headphones. An Andrea USB-SA (Andrea
Communications, Farmingdale, NY) audio interface was used
to transfer the recorded sound to the computer environment.
In addition, this enabled stereo recording and was compatible
with the jack input of the headphones used. Another nasalance
measurement tool used in this study is the NMII 6450 (KayPENTAX,
Lincoln Park, NJ, USA). The NMII system utilizes unidirectional
microphones in the frequency response range of 50 Hz-15 kHz,
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positioned at a distance of approximately 50 mm from the nose
and mouth. The software has a fixed bandpass-filter range of 300-
750 Hz which cannot be changed. Both measurement tools are
illustrated in Figure 2.

Two different computers were used to create the frequency
response curve of the Philips SHE1350 earphones and the Andrea
USB-SA audio interface, and the right side of the reference
monitor (speaker) was connected to the first computer. Afterward,
the pink noise that was generated in the Audacity® (version 3.7.3;
Audacity Team, USA) program was conveyed to the reference
monitor via the same program. The microphone system that was
intended for frequency response curve generation was connected
to the second computer. The microphone system was anchored
using a microphone stand and appropriate adapters, and the
recordings were taken inside a double-walled audiometric cabin.
After this, the microphone system was placed at distances of 2 cm,
5cm, and 30 cm, respectively, so that it would be aligned with the
center of the reference monitor, and pink noise was recorded for
approximately 10 seconds. The RMS (-dB) values (left: 40.7; right:
40.7) of the recordings were obtained using the Audacity® (version
3.7.3; Audacity Team, USA) software. Nasalance measurements
were analyzed using Praat and the PANM plugin (nasalance:
51%). Finally, using the REW - Room EQ Wizard Room Acoustics
Software, the frequency response curve (Figure 1) was obtained at
a resolution of 1 dB and the smoothing setting of 1/1.

The participants’ voice recordings to be analyzed in PANM
software were captured with the portable computer via Praat
(version 6.2.22) in "PCM wav" format. The sound recordings to
be analyzed in the NMII software were recorded in the *
format using the software interface. All recordings were made
in the soundproofed phonetic laboratory at Uskiidar University.
They were recorded at 11025 Hz sampling rate and 16-bit stereo
format. After the transcription of the speech material used (Figure
3) (a detailed explanation of this stage is provided in Appendix
1), “TextGrid" files were created for analysis on PANM software.
Nasalance measurements were carried out after the preparations
were completed. The recording and analysis procedures used in

" wav”

the study are summarized in Table 1.
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= % <\\ Q (g.ﬁ
L\ é $

NM-II PANM

Figure 2. PANM and NMII equipment
PANM: Praat-assisted Nasalance Meter, NMII: Nasometer Il model
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File Edit Time Play TextGrid Interval Boundary Tier Sound Analyses Spectrogram Pitch Intensity Formants Pulses Help
a_with_pinched nostrils
3441633 4
0.01929 3 ~ non-modifiable copy of sound
0.0004739 .- W
Ch1g
-0.02832
0.01929
-0.001554= ——
Ch2q
-0.02832
= modifiable TextGrid
2 : segments
s 1 &
/m/ /al pn 6/7)
2 /ama/ e
/ana/ (5)
3.441633 3441633
0 Visible part 6.883265 seconds 6.883265|
Total duration 6.883265 seconds
al in || ow [ sel || bek | _‘] .lﬁsm

Figure 3. Creating a sample “TextGrid" file in the PANM system
PANM: Praat-assisted Nasalance Meter, pn: Pinched nostrils

Speech materials used for nasalance measurement are affected
by linguistic differences. Therefore, the recording material used in
this study is given in Table 2. Within the scope of the study, audio
recordings were obtained using microphone systems from two
different devices (NMI-Il and PANM). To minimize potential order
effects, the sequence of hardware use was counterbalanced.
Accordingly, 30 randomly selected participants were first recorded
using the NMI-Il device and subsequently with the PANM device.
For the remaining 30 participants, the order was reversed,
with recordings obtained first using PANM and then NMI-II. In
addition, the presentation order of the recording materials was
counterbalanced to further control for potential order effects. The
overall procedure is illustrated in Figure 4.

Statistical Analysis

Data analysis was performed using the Statistics Package for
Social Science (SPSS 22.0, IBM, NY, USA). The data were first
analyzed with the Shapiro-Wilk normative distribution test, and
it was determined that the normal distribution assumption was

met. The recording material’s sounds, words, and sentences were
coded A1, A2, B1, B2, C1, C2, C3, C4, and C5 (Table 2). A two-
way repeated measures ANOVA was conducted for each speech
material (A1-C5) to examine the main effects of hardware and
software, as well as their interaction effect, on nasalance scores. In
addition, Pearson correlation analysis was conducted to examine
the linear relationship between the measurements obtained from
different hardware and software systems.

Hardware (H) Software (S)

1 PANM-H PANM-S (80-1000 Hz)
2 PANM-H PANM-S (300-750 Hz)
3  PANM-H NMII-S (300-750 Hz)
4 NMI-H PANM-S (80-1000 Hz)
5 NMIl-H PANM-S (300-750 Hz)
6  NMI-H NMII-S (300-750 Hz)

PANM: Praat-assisted Nasalance Meter, NMIl: Nasometer || model
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A1 Sustained consonant production (m)

A2 Sustained vowel production (a)
Isolated phonems

A3 Sustained vowel production with
pinched nostrils (a)

Words B1 (ama)

Oral plossive

Oral plossive with pinched nostrils
Sentences

Oral sibilan

Nasal
Passage

2 (ana)
1

petec kurrwuk tahta kapuwjur kapat:w)
petec kurwk tahta kapwjw kapat:w)

2
3 (seffil swdzak havuzda ses:izdze jyzdy)
4

an:em emingje nin:i mwrwitdandur)

C5 (daskapuwswndan bafka ajdwntwk yicedsee hifbir jeri otmajan dyc:anwnda tec bafuna yedse yyndyz kuvutdgwmtar
saffarak fatwfan kodsa ali tupkuw kafese konmuf tecbijeli bir astanur andwirurjoxdu)

Figure 4. The order of recording acoustic materials

RESULTS

In this section, the results of the correlation and variance analyses
will be presented respectively. The relationship between the
results obtained in the correlation analysis was examined at two
different filter settings: 80-1000 Hz and 300-750 Hz for the PANM
software, and 300-750 Hz filter setting for the NMII software.
Additionally, the relationship between the nasalance scores
obtained when each software was in the filter range of 300-750 Hz
was examined for variance analysis.

Correlation Analysis Results

Pearson correlation coefficients were calculated for the isolated
phonemes A1, A2, and A3 to examine the relationship between
nasalance scores obtained from PANM-H, PANM-S, NMII-H,
and NMII-S hardware and software. Additionally, 80-1000 Hz
and 300-750 Hz filter ranges were used for PANM-S. Finally, the
correlations with the NMII-S, whose default setting was 300-750
Hz, were examined. The results are presented in Table 3.

When the correlations of nasalance scores analyzed with the
PANM-S using an 80-1000 Hz bandpass filter and the NMII-S using
a 300-750 Hz bandpass filter in Table 3 were examined for A1, there
was a statistically significant positive correlation (p<0.01) between
the measurements of “PANM-H with PANM-S - PANM-H with
NMII-S” and “NMII-H with PANM-S - NMII-H with NMII-S" at a high
level (r=0.867 and 0.918, respectively). In contrast, no statistically
significant correlation was found between the “PANM-H with
PANM-S - NMII-H with NMII-S” nasalance score measurements
for A1 (p>0.05). For A2, there was a statistically significant positive

Al (n=6) fAl(a=6) JAl(a=6 Al (a=6) Al (a=6) MaAl(a= Al (a=6) Al(a=6) Al(a=6)

A2(@=6) Ad(a= ::\\» A2(@=6 A2(@=6) \\A/ A2(=6) \\Q A2(n= A2(n=6) Q :\2(u-§)_\: A2(@=6) |
A3(n=6) = Ad(a= ~ [ Al@=§ A3 (n=6) : | A3(n=6) | _ Al(a= Al@=6) Al(@=6) Ad(n=§

Bl (n=6 Bl(a=6 /& Bl(n=6) Bl(a=6 ‘\\\/j: Bl (a=6) \ Bl (a=6) [ Bl (a=6) \ Bl (a=6) \\-,; Bl (a=6

Bl(a= ~a| B2(@=6) |- B2(n=6) B2(a=6) Bl(n= B2 (n=6) B2(a=6) |
Cla= Cl@a= [ Cla=6 ] —a[Cl@=6 Cl@=6] T~a[Cl@=6 [~ Cl(a=6) |
[ C2(a=6) | [C2@=6) | C2(a=6) | M Cla=6) |~ Cl(a= 2| C2(a=6) \ C2(a=6) |
Ci(a= Ci(a= C3(a=6) |~ C3(a=6) »[Ci(a= )_b\ Ci(=6) |-/ —~a[Ci(a=6) |
Ci(a= Ci@a=6 Ci(a=6) |-~ Cia=6) ~a[Cia=6) |~ Ci(a=6) b‘ Ci(a=6) |
C5(a=6) | | C5(a=6) C5(a= \‘A C5(n=6) C5(a= b C5@m=6) C5 (n=6)

correlation (p<0.01) between the measurements of “PANM-H with
PANM-S - PANM-H with NMII-S”, “NMII-H with PANM-S - NMII-H
with NMII-S” and PANM-H with PANM-S - NMII-H with NMII-S"”
at a high level (r=0.866 and 0.894, respectively) and low (r=0.297).
For A3, there was a statistically significant positive correlation
(p<0.01) between the measurements of “PANM-H with PANM-S
- PANM-H with NMII-S”, NMII-H with PANM-S - NMII-H with
NMII-S” and PANM-H with PANM-S - NMII-H with NMII-S” at the
high, moderate and low levels, respectively.

When the nasalance scores analyzed with the PANM-S using
a 300-750 Hz bandpass filter and the NMII-S using a 300-750
Hz bandpass filter in Table 3 were examined for A1, there
was a moderately positive correlation (r=0.694, 0.663, 0.518,
respectively) and a statistically significant relationship (p<0.01)
between the measurements of “PANM-H with PANM-S - PANM-H
with NMII-S”, “NMII-H with PANM-S - NMII-H with NMII-S”
and PANM-H with PANM-S - NMII-H with NMII-S”. For A2, a
statistically significant positive correlation (p<0.01) was found
between the measurements of “PANM-H with PANM-S - PANM-H
with NMII-S”, NMII-H with PANM-S - NMII-H with NMII-S” and
“PANM-H with PANM-S - NMII-H with NMII-S” at a high level
(r=0.736 and 0.880, respectively) and at a moderate level (r=0.624),
respectively. For A3, a statistically significant positive correlation
(p<0.01) was found between the measurements of “PANM-H with
PANM-S - PANM-H with NMII-S”, “NMII-H with PANM-S - NMII-H
with NMII-S” and “PANM-H with PANM-S - NMII-H with NMII-S”
at a high level (r=0.805 and 0.826, respectively) and at a moderate
level (r=0.533).
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The Pearson correlation coefficient was calculated for B1 and B2
(words) to examine the relationship between the nasalance scores
obtained from PANM-H, PANM-S, NMII-H, and NMII-S hardware
and software. In addition, two different filter ranges, 80-1000 Hz
and 300-750 Hz, were used for the PANM-S's software settings,
and the correlations with the NMII-S, whose default setting
was 300-750 Hz, were examined, respectively. The results are
presented in Table 4.

When the correlation results of nasalance scores analyzed using
the PANM-S with an 80-1000 Hz bandpass filter and using an
NMII-S with a 300-750 Hz bandpass filter in Table 4 were examined
for the B1, a statistically significant correlation (p<0.01) was found
between “PANM-H with PANM-S - PANM-H with NMII-S” and
“NMII-H with PANM-S - NMII-H with NMII-S” measurements
at a high (r=0.822) and moderate (r=0.461) levels, respectively.
No statistically significant correlation was found between the
measurements of “PANM-H with PANM-S - NMII-H with NMII-S"
for the B1 (p>0.05). For B2, a statistically significant positive
correlation (p<0.01) was found between “NMII-H with PANM-S
- NMII-H with NMII-S”, “PANM-H with PANM-S - PANM-H with
NMII-S” and “PANM-H with PANM-S - NMII-H with NMII-S”
measurements at the moderate (r=0.760 and 0.654, respectively)
and low (r=0.366) levels, respectively.

J Acad Res Med 2026;16(1):43-53

When the correlation of nasalance scores analyzed with the
PANM-S using a 300-750 Hz bandpass filter and NMII-S using a
300-750 Hz bandpass filter, as shown in Table 4, were examined
for the B1, there was a statistically significant (p<0.01) positive
correlation (r=0.528, 0.413, and 0.662, respectively) between
the measurements of "PANM-H with PANM-S - PANM-H with
NMII-S”, “PANM-H with PANM-S - NMII-H with NMII-S” and
“NMII-H with PANM-S - NMII-H with NMII-S”. For B2, there was
a highly correlation (r=0.840) between “NMII-H with PANM-S -
NMII-H with NMII-S” measurements and a moderately correlation
(r=0.354, 0.644, respectively) between “PANM-H with PANM-S -
PANM-H with NMII-S” and “PANM-H with PANM-S - NMII-H with
NMII-S” measurements (p<0.01).

The Pearson correlation coefficient was calculated to examine the
relationship between nasalance scores obtained from PANM-H,
PANM-S, NMII-H, and NMII-S hardware and software for C1, C2,
C3, C4, and C5 (sentences and passage reading). Additionally,
two different filter ranges, 80-1000 Hz and 300-750 Hz, were used
as the PANM-S's software settings, and their correlations with the
NMII-S, whose default setting was 300-750 Hz, were examined,
respectively. The results are presented in Table 5.

Software: PANM-S with 80-1000 Hz filter and NMII-S with 300-750 Hz filter

Correlation

PANM-H with PANM-S - PANM-H with NMII-S
PANM-H with PANM-S - NMII-H with NMII-S
NMII-H with PANM-S - NMII-H with NMII-S

Software: PANM-S with 300-750 Hz filter and NMII-S with 300-750 Hz filter

Correlation

PANM-H with PANM-S - PANM-H with NMII-S
PANM-H with PANM-S - NMII-H with NMII-S
NMII-H with PANM-S - NMII-H with NMII-S

A1l A2 A3

0.867™ 0.866™ 0.584™
0.238 0.297 0.285
0.918™ 0.894™ 0.839"
A1 A2 A3

0.694™ 0.736™ 0.805™
0.518™ 0.624™ 0.533"
0.663" 0.880™ 0.826™

* p<0.05, *: p<0.01, A1: Sustained consonant /m/, A2: Sustained vowel /a/, A3: Sustained vowel /a/with pinched nostrils, H: Hardware, S: Software, PANM: Praat-

assisted Nasalance Meter, NMII: Nasometer | model

Software: PANM-S with 80-1000 Hz filter and NMII-S with 300-750 Hz filter

Correlation

PANM-H with PANM-S - PANM-H with NMII-S
PANM-H with PANM-S - NMII-H with NMII-S
NMII-H with PANM-S - NMII-H with NMII-S

Software: PANM-S with 300-750 Hz filter and NMII-S with 300-750 Hz filter

Correlation

PANM-H with PANM-S - PANM-H with NMII-S
PANM-H with PANM-S - NMII-H with NMII-S
NMII-H with PANM-S - NMII-H with NMII-S

B1 B2

0.822" 0.654"
0.212 0.366"
0.461" 0.760°
B1 B2

0.528" 0.354°
0.413 0.644°
0.662 0.840

" p<0.05, B1: Word (ama), B2: word (ana), H: Hardware, S: Software, PANM: Praat-assisted Nasalance Meter, NMII: Nasometer |l model
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Software: PANM-S with 80-1000 Hz filter and NMII-S with 300-750 Hz filter

Correlation

PANM-H with PANM-S - PANM-H with NMII-S
PANM-H with PANM-S - NMII-H with NMII-S
NMII-H with PANM-S - NMII-H with NMII-S

Software: PANM-S with 300-750 Hz filter and NMII-S with 300-750 Hz filter

Correlation

PANM-H with PANM-S - PANM-H with NMII-S
PANM-H with PANM-S - NMII-H with NMII-S
NMII-H with PANM-S - NMII-H with NMII-S

C1 C2 ©3 c4 G5
0.879" 0.601" 0.876™ 0.804™ 0.776™
0.540™ 0.264"  0.509" 0.200 0.088
0.853" 0.910" 0.862" 0.688™ 0.670™
C1 Cc2 Cc3 c4 E5]
0.612" 0.865" 0.526™ 0.474 0.272
0.660™ 0.726™ 0.545” 0.470" 0.500"
0.748" 0.853"  0.645" 0.787" 0.608™

 p<0.05, ™: p<0.01, C1: Oral plosive sentence, C2: Oral plossive with pinched nostrils sentence, C3: Oral sibilan sentence, C4: Nasal sentence, C5: Passage, H:
Hardware; S: Software, PANM: Praat-assisted Nasalance Meter, NMIl: Nasometer Il model

When the correlation results of nasalance scores analyzed with the
PANM-S using the 80-1000 Hz bandpass filter and NMII-S using
the 300-750 Hz bandpass filter in Table 5 were examined for C1,
there was a statistically significant positive correlation (p<0.01)
between the measurements of “PANM-H with PANM-S - PANM-H
with NMII-S”, “NMII-H with PANM-S - NMII-H with NMII-S”
and "PANM-H with PANM-S - NMII-H with NMII-S” at a high
level (r=0.879, and 0.853, respectively) and at a moderate level
(r=0.540), respectively. For C2, there was a statistically significant
correlation between “NMII-H with PANM-S - NMII-H with
NMII-S”, “PANM-H with PANM-S - PANM-H with NMII-S”, and
“PANM-H with PANM-S - NMII-H with NMII-S” (p<0.01; p=0.043;
p<0.01, respectively) measurements at high (r=0.910), moderate
(r=0.601), and low (r=0.264) levels, respectively. For C3, there was
a statistically significant positive correlation (p<0.01) between the
“PANM-H with PANM-S - PANM-H with NMII-S”, “NMII-H with
PANM-S - NMII-H with NMII-S” and “"PANM-H with PANM-S -
NMII-H with NMII-S” measurements for high (r=0.876 and 0.862,
respectively), and moderate (r=0.509, respectively) levels. It was
determined that there was a statistically significant correlation
(p<0.01) between the “PANM-H with PANM-S - PANM-H with
NMII-S” and “NMII-H with PANM-S - NMII-H with NMII-S”
measurements for C4 at high (r=0.804) and moderate (r=0.488)
levels, respectively. No statistically significant correlation was
found between the measurements of “PANM-H with PANM-S -
NMII-H with NMII-S” for C4 (p>0.05). It was determined that there
was a statistically significant positive correlation (p<0.01) between
the "PANM-H with PANM-S - PANM-H with NMII-S” and “"NMII-H
with PANM-S - NMII-H with NMII-S” measurements for C5 at a
moderate level (r=0.776 and 0.670, respectively). No statistically
significant correlation was found between the measurements of
"PANM-H with PANM-S - NMII-H with NMII-S” for C5 (p>0.05).

When the correlation results of nasalance scores analyzed with
the PANM-S using a 300-750 Hz bandpass filter and NMII-S using
a 300-750 Hz bandpass filter in Table 5 were examined, for C1,
a statistically significant positive correlation (p<0.01) was found
between the “NMII-H with PANM-S - NMII-H with NMII-S”,

"PANM-H with PANM-S - PANM-H with NMII-S” and “PANM-H
with PANM-S - NMII-H with NMII-S” measurements, at the
high (r=0.748) and moderate (r=0.612 and 0.660, respectively)
levels. For C2, there was a statistically significant positive
correlation (p<0.01) at the high level (r=0.865, 0.726, and 0.853,
respectively) between the "PANM-H with PANM-S - PANM-H
with NMII-S”, PANM-H with PANM-S - NMII-H with NMII-S” and
"NMII-H with PANM-S - NMII-H with NMII-S” measurements. A
statistically significant correlation (p<0.05) was found between
the measurements of "PANM-H with PANM-S - PANM-H with
NMII-S”, “PANM-H with PANM-S - NMII-H with NMII-S” and
“"NMII-H with PANM-S - NMII-H with NMII-S” for C3, which was
moderately positive (r=0.526, 0.545, and 0.645, respectively). A
statistically significant correlation (p<0.01) was found between
“"NMII-H with PANM-S - NMII-H with NMII-S”, “PANM-H with
PANM-S - PANM-H with NMII-S” and “PANM-H with PANM-S
- NMII-H with NMII-S” measurements for C4, which was highly
positive (r=0.787) and moderately positive (r=0.474 and 0.470,
respectively). For C5, a statistically significant positive correlation
(p=0.046; p<0.01; p<0.01, respectively) was found between
moderate (r=0.500; 0.608, respectively) and low (r=0.272), and low
(r=0.272) measurements of “PANM-H with PANM-S - PANM-H
with NMII-S”, “PANM-H with PANM-S - NMII-H with NMII-S" and
“"PANM-H with PANM-S - PANM-H with NMII-S*.

Variance Analysis Results

In this section, the results obtained when each software was at the
same filter setting (300-750 Hz) were included. A two-way repeated
measures ANOVA was used to examine the differentiation
of nasalance scores for A1, A2, and A3 (isolated phonemes)
according to hardware and software. The results are presented
in Table 6. In addition, descriptive statistics of nasalance score
analyses performed at the PANM 80-1000 Hz bandpass-filter
setting regarding the recording material used are included in
Appendix 2.

Table 6 shows that nasalance scores for A1, A2, and A3 differed
significantly according to software (p<0.01). In addition,
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significant differences were observed according to hardware for
A1 and A2 (p<0.01). No statistically significant interaction effect
between hardware and software was found at any level (p>0.05).
Examination of the mean values indicated that, for A1, A2, and A3,
nasalance scores obtained using the NMII software were higher
than those obtained using the PANM software. For AT and A2,
however, nasalance scores obtained using the PANM hardware
were higher than those obtained using the NMII hardware.

A two-way repeated measures ANOVA was used to examine the
differentiation of nasalance scores for B1 and B2 (words) according
to hardware and software. In the software, a 300-750 Hz bandpass-
filter set was used on both devices. The results are presented in
Table 7.

When Table 7 was examined, it was seen that nasalance scores for
B1 and B2 statistically significant difference (p<0.01) according to
both hardware and software. It was found that nasalance scores for
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B1 did not show a statistically significant difference (p>0.05), and
B2 showed a statistically significant difference (p=0.031), according
to the hardware*software interaction effect. When the averages
were examined, it was determined that the averages of nasalance
scores obtained from the NMII software were higher than those
obtained from the PANM software, and that the averages of the
nasalance scores obtained from the PANM hardware were higher
than those obtained from the NMIl hardware, in common for B1
and B2. Examination of the interaction plot for B2 (Appendix 3)
revealed a similar pattern in the hardware*software interaction.

A two-way repeated measures ANOVA was used to examine
the differentiation of nasalance scores for C1, C2, C3, C4, and
C5 (sentences and reading passage) according to hardware and
software. For the software analyses, a bandpass-filter setting of
300-750 Hz was used on both devices. The results are presented
in Table 8.

Software (S) Hardware (H)
PANM-S PANM-H 96.75
. PANM-S NMII-H 94.05
NMII-S PANM-H 97.87
NMII-S NMII-H 95.55
PANM-S PANM-H 25.64
PANM-S NMII-H 15.87
Az NMII-S PANM-H 32.50
NMII-S NMII-H 21.39
PANM-S PANM-H 527
PANM-S NMII-H 3.98
A3 NMII-S PANM-H 6.75
NMII-S NMII-H 5.84

SD F P

1.68 Software 60.789 <0.01
2.62 Hardware 111.909 <0.01
1.19 Software*hardware 1.842 0.180
1.61

16.06 Software 36.657 <0.01
11.59 Hardware 29.834 <0.01
20.00 Software*hardware 0.483 0.490
12.52

5.18 Software 34.326 <0.01
2.75 Hardware 3.780 0.057
6.08 Software*hardware 0.433 0.513
3.90

A1: Sustained consonant /m/, A2: Sustained vowel /a/, A3: Sustained vowel /a/with pinched nostrils, PANM: Praat-assisted Nasalance Meter, NMII: Nasometer ||

model, SD: Standard deviation

Software (S) Hardware (H)
PANM-S PANM-H 54.25
- PANM-S NMII-H 36.80
NMII-S PANM-H 69.52
NMII-S NMII-H 52.52
PANM-S PANM-H 65.80
PANM-S NMII-H 48.14
82 NMII-S PANM-H 75.98
NMII-S NMII-H 55.21

B1: Word (ama), B2: Word (ana), PANM: Praat-assisted Nasalance Meter, NMII: Nasometer Il model, SD: Standard deviation

sD F P
11.76 Software 225.152 <0.01
11.32 Hardware 210.544 <0.01
8.81 Software*hardware 0.093 0.761
6.62

9.86 Software 88.700 <0.01
11.96 Hardware 391.102 <0.01
7.50 Software*hardware 4.911 0.031
7.60
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Software (S) Hardware (H) SD
PANM-S PANM-H 13.54 6.89
PANM-S NMiII-H 8.20 5.00
¢t NMII-S PANM-H 18.18 8.09
NMII-S NMII-H 12.62 4.65
PANM-S PANM-H 2.79 2.55
PANM-S NMII-H 3.95 1.49
c NMII-S PANM-H 4.50 3.00
NMII-S NMII-H 4.91 1.37
PANM-S PANM-H 15.86 8.38
PANM-S NMII-H 8.80 5.77
« NMII-S PANM-H 24.37 9.01
NMII-S NMII-H 17.80 6.07
PANM-S PANM-H 69.07 9.14
1 PANM-S NMII-H 50.80 11.12
NMII-S PANM-H 80.75 5.25
NMII-S NMII-H 62.86 5.19
PANM-S PANM-H 39.07 9.72
PANM-S NMII-H 25.71 8.09
© NMII-S PANM-H 49.50 9.54
NMII-S NMII-H 33.93 4.20

F p
Software 53.183 <0.01
Hardware 47 478 <0.01
Software*hardware 0.097 0.756
Software 101.268 <0.01
Hardware 7.191 0.010
Software*hardware 17.239 <0.01
Software 110.032 <0.01
Hardware 69.566 <0.01
Software*hardware 0.344 0.560
Software 177.937 <0.01
Hardware 361.800 <0.01
Software*hardware 0.107 0.744
Software 73.679 <0.01
Hardware 205.550 <0.01
Software*hardware 3.066 0.086

C1: Oral plosive sentence, C2: Oral plossive with pinched nostrils sentence, C3: Oral sibilan sentence, C4: Nasal sentence, C5: Passage, SD: Standard deviation

When Table 8 was examined, it was noted that nasalance scores for
C1,C3, C4, and Ch statistically significant difference (p<0.01) based
on hardware and software. Similarly, for C2, statistically significant
differences were observed both between the software systems
(p<0.01) and between the hardware systems (p=0.010). It was
determined that there was no statistically significant difference for
C1, C3, C4, and C5 according to the hardware-software interaction
effect (p>0.05). C2 showed a statistically significant difference
(p<0.01), according to the hardware*software interaction effect.
When the averages were examined, the common result for C1,
C2, C3, C4, and C5 was as follows: the nasalance score averages
obtained from the NMII software were higher than those obtained
from the PANM software. In parallel, the nasalance score averages
obtained using NMII hardware were higher than those obtained
using PANM hardware. Examination of the interaction plot for C2
(Appendix 3) revealed a similar pattern in the hardware*software
interaction.

DISCUSSION

The nasalance parameter allows for the quantitative evaluation
and description of an individual’s nasal resonance characteristics.
However, there are many nasal measurement systems in the
literature and clinical use, and many studies have compared
the different nasal resonance scores obtained using each of

these systems (1,8-12). Therefore, this study aimed to compare
the nasalance scores obtained from the PANM system, which is
equipped with easily accessible and cost-effective materials, as
well as free access to the plugin link related to the software, with
the nasalance scores obtained from NMII.

The unchangeable bandpass-filter range (300-750 Hz) of the NMII
system may have minimal analytical power for variations related to
individual differences, phonetic inventory of different languages
and/or resonance disturbance. Indeed, Awan (3) pointed out that
signal filtering affects researchers’ ability to perform acoustic
analyses of nasal sound recordings. In addition, one of the essential
advantages of the system is that the filter setting of the PANM
system can be changed to determine nasal emission (13), which
is acoustically characterized by wide-band noise. Unfortunately,
publications examining the effect of manufacturer selections,
such as microphone position and bandpass-filter range for signal
analysis, on the nasalance value are also very limited in line with
the available resources.

It is thought that the PANM system may have critical importance
in the diagnosis, therapy and biofeedback processes of many
different resonance disorders, mainly since different band filter
settings can be used in the analyses performed by that system.
Furthermore, the acoustic signal can be observed spectrally during
the analysis and this signal can be segmented into background or
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smaller units. As a first step in this study, the researchers performed
a correlation analysis in which both software (PANM and NMII)
had equal bandpass-filter settings (300-750 Hz), moreover,
the correlations of nasalance scores obtained from the PANM
adjusted to the 80-1000 Hz bandpass filter range suggested by
researchers (4) and obtained from the NMII (300-750 Hz) system,
whose filter settings were fixed by the manufacturers, were then
examined.

To summarize, the results of the correlation analysis between the
nasalance scores obtained using the PANM and NMII software
and hardware and a 300-750 Hz bandpass filter for both systems
were statistically significant positive correlation and regardless
of the hardware used for all signals in the recording material
(Table 2). In other words, when only the software systems were
considered, linear relationships were observed between the
nasalance scores. Additionally, the results show that the nasalance
scores recorded using the PANM hardware and analyzed with the
PANM software had a statistically significant positive correlation
with the nasalance scores recorded with the NMII hardware and
analyzed with the NMlI software. In other words, when PANM and
NMIl were evaluated as integrated hardware-software systems, a
linear relationship was observed between the nasalance scores
obtained from the two systems, provided that the same filter
settings were applied. In addition, when the bandpass-filter range
for PANM was set to its default setting of 80-1000 Hz, there were
some inconsistencies between both software systems for some
acoustic signals in the recording materials. We believe that this
was caused by different filter settings.

Correlation analyses demonstrated significant linear associations
between nasalance scores obtained from different hardware
and software configurations. However, covariation between
measurements does not imply the absence of differences
between them. Therefore, to determine whether mean-level
differences existed between systems and to examine how these
differences varied as a function of hardware and software factors,
the results of the two-way repeated-measures analysis of variance
were examined. When the results were evaluated in terms of
software, NMll yielded higher nasalance scores than PANM across
all acoustic recording materials, regardless of the hardware used.
Although identical filter settings were applied, this difference may
be attributable to variations in the underlying signal processing
algorithms of the software systems. With respect to hardware,
PANM produced higher nasalance scores than NMII across all
acoustic materials (except C2), independent of the software used.
The difference in hardware can be attributed to microphones
having different transducer types (dynamic and condenser),
frequency response curves, and sensitivity (14,15). Different
microphone features have been reported to affect nasalance
score results (16). The consistency of the variance patterns related
to software and hardware across different task types (isolated
sounds, words, and sentence-level materials) suggests that the
observed findings reflect systematic differences rather than
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random variation. The observed difference in the C2 material may
stem from the recording material’s task-specific characteristics
and does not appear to substantially affect the general pattern
of findings.

In conclusion, different hardware and software configurations
were found to have significant effects on nasalance scores, and
these effects emerged consistently across various speech tasks/
materials. These findings indicate that nasalance measurements
may be influenced not only by filter settings but also by the
signal processing approach of the software and the technical
characteristics of the hardware. Accordingly, the specific
configuration used should be taken into account when interpreting
nasalance scores obtained from different systems. To enhance
comparability across clinical and research settings, measurement
conditions should be clearly reported, and each system should be
evaluated within the context of its own technical specifications.
In parallel with this, researchers who compared different systems
used to obtain nasalance scores and/or other models related to
the same system obtained similar results (1,8-12,17).

Study Limitations

Future studies should focus on calculating frequency response
curves for the PANM hardware using mixed and matched-
pair microphone configurations and investigating the effects
of microphone distance on nasalance scores. In addition, the
influence of different filter ranges and various speech or recording
materials on nasalance measurements should be systematically
examined to further refine the system'’s measurement properties.

CONCLUSION

The findings of this study indicate that nasalance scores obtained
using NMIl and PANM may differ significantly depending
on hardware and software configurations. Although linear
associations were observed between measurements, the
magnitude of nasalance scores appears to be influenced by the
technical characteristics of the systems used.

Accordingly, when interpreting nasalance scores in clinical and
research contexts, the hardware and software characteristics of
the measurement system should be clearly reported. Although
the PANM system offers advantages in terms of accessibility and
spectral view, the values obtained should be interpreted with
caution.

Appendix 1-3:  https://d2v96fxpocvxx.cloudfront.net/68ab204c-182b-
49da-b227-bc7efe058632/content-images/fbcdéd7f-bfde-47c4-a85a-
802eba1e09bb.pdf
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Dear Editor,

I'd like to thank Sarbay and his associates for rapidly addressing
a significant gap in emergency medical education. The
tactical medicine knowledge and awareness scale (TAMKA)
is essential, particularly as tactical emergency medical
support  (TEMS) emergency
care. Although | acknowledge the study’s contribution, |
assert that certain methodological aspects require scrutiny
before the widespread implementation of this strategy.
The internal consistency (Cronbach’s a=0.808) is satisfactory;
however, this number is derived from a single-center study with
a limited sample size (n=131). The authors correctly assert that
this strategy constrains generalizability across various geographic
regions and emergency medicine training environments. The
measure lacks significant evidence of discriminant or convergent
validity, which the authors acknowledge are critical issues.
Modern psychometric standards necessitate validation of the five

evolves in  contemporary

qualities as distinct constructs prior to endorsing the instrument
for evaluating various aspects of knowledge in tactical medicine
(1). Additionally, no information is available regarding criterion
validity. It is uncertain whether TAMKA ratings may predict a
person’s effectiveness in tactical operations, field decision-
making, or, ultimately, patient outcomes. Such a demonstration
is particularly useful for determining whether the scale accurately
measures the aspects most relevant to tactical scenarios (2).
It's also vital to discuss about issues with technology. Certain
factor loadings are very low (item 20: x=0.435 in factor 2),
although certain content validity indices are close to important
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values (item 9: content validity ratio=0.54). A content validity
coefficient of 0.632 is acceptable; however, it suggests that
the scale may not cover all aspects of tactical medicine. There
is no strong methodological rationale for the reduction from
55 initial items to 28 final items. Without a test-retest reliability
assessment, it's difficult to determine whether the scale remains
stable over time. This is crucial for a tool that teachers may use
to test students individually to assess how well they perform.
Despite these concerns, this research represents a significant
initial step towards formalizing competency assessment
in tactical medicine. The authors have identified a specific
educational prerequisite and devised a technique grounded
in expert consensus. | recommend that the authors regard this
publication as a foundation for future improvement rather than
a finished product. TAMKAS psychometric properties and
clinical significance would be greatly improved by multicenter
validation studies, thorough assessments of criterion-related
and discriminant validity, evaluations of test-retest reliability, and
analyses of correlations with external performance metrics. Not
only would these efforts improve Turkish emergency medical
systems, but they would also serve as a model for other nations
if TEMS becomes recognized as a critical skill for emergency care

(3.4).

Sincerely,

Footnotes
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