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Abstract

Background and objectives: Reinke’s edema is a benign disease of the vocal folds caused
by smoking and excessive vocal effort that usually leads to chronic dysphonia, especially
in women. Diagnosis requires direct evaluation of the vocal folds using videolaryngoscopy.
Biomechanical analysis of the voice makes it possible to obtain from a sound sample
a set of parameters that describe the pattern of voice production associated with the
specific architecture of each vocal fold. The objective is to identify the characteristic vocal
production pattern in Reinke’s edema while analyzing the validity of this methodology for
screening the pathology. Methods: The study was performed with a sample of 175 women,
from 26 to 74 years old, separated into 3 groups: Control Group, 52 participants; Reinke’s
edema Group, 26 patients; Vocal Fold Pathology—no Reinke’s edema, 97 patients. All
the patients were evaluated by the biomechanical analysis tool App Online Lab VCS® by
Voice Clinical Systems®. Results: It is observed that a decrease in F0 (Pr01), an increase
in the mucosal wave in the opening phase (Pr20), a shortened closure phase (Pr04) and
the presence of mass effect (Pr22) are the main features that characterize Reinke’s edema
compared to the control group with broad statistical significance (p < 0.001). These results
establish that the screening based on the joint presence of the decrease in F0 (Pr01) and the
increase in the mucosal wave effect (Pr18/Pr20) presents high sensitivity and specificity
indices: Group control vs. Reinke’s edema, Specificity: 0.92, Sensitivity: 0.77; Reinke’s
edema vs. Vocal Fold Pathology—no Reinke’s edema, Specificity: 0.93, Sensitivity: 0.77.
Conclusions: Biomechanical voice analysis objectively identifies voice patterns in women
with Reinke’s edema, aiding in effective screening.

Keywords: laryngeal cancer; Reinke’s edema; voice pathology; biomechanical analysis;
mucosal wave; laryngeal anatomy

1. Introduction
Reinke’s edema is a chronic inflammatory condition characterized by the accumulation—

usually bilateral—of fluid in the superficial layer of the lamina propria, known as Reinke’s
space, in the membranous portion of the vocal folds. It was first described by Hajek in
1891 [1].

Although other risk factors such as vocal abuse or laryngopharyngeal reflux [2] have
been implicated, the primary cause is tobacco use [3], which induces hypoxia and leads to
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the release of endothelial growth factors. Over time, this results in increased vascularization
of the lamina propria due to the proliferation of dilated and fragile capillaries, facilitating
plasma extravasation into Reinke’s space [4], causing thickening of the vocal folds. This
thickening results in a vocal pitch lower than expected for the patient’s age and gender.

Reinke’s edema accounts for between 4% and 16% of laryngeal surgeries [5] and is
more frequently diagnosed in women than in men [6]. This difference is attributed not to a
higher incidence in women but to the fact that a deepened voice is more often a reason for
medical consultation among women [7].

Diagnosis of Reinke’s edema is based on visual examination of the vocal folds, which
appear thickened and fluctuant. With significant volume, the folds may overlap during
phonation and lose contact between their free edges (Figure 1). Under stroboscopic light, an
increased amplitude of the mucosal wave can be observed due to the flaccidity of the folds.
Acoustic analysis of the voice signal typically shows a reduced fundamental frequency,
while distortion parameters (Shimmer, Jitter, HNR) may remain within normal limits and
show no characteristic pattern [8].

 

Figure 1. Reinke’s edema observed via distal-chip flexible laryngoscopy. (A) Mild-to-moderate,
symmetric Reinke’s edema. Pr01: 172.9 Hz; Pr20: 200 r.u. (B) Severe, asymmetric Reinke’s edema
with predominant involvement of the right vocal fold. Pr01: 128 Hz; Pr20: 800 r.u. (C) Moderate
Reinke’s edema with extensive leukoplakia on the right vocal fold, resulting in mucosal wave
limitation (N-69). Pr01: 198.6 Hz; Pr20: 0 r.u. The mucosal wave limitation caused by the leukoplakia
counteracts the typically increased mucosal wave associated with Reinke’s edema.

Treatment of Reinke’s edema involves eliminating risk factors, correcting improper
vocal behavior through voice therapy, and removing redundant tissue via laryngeal mi-
crosurgery. Biomechanical voice analysis examines the mechanical and structural factors
involved in the movement of the free edge of the vocal folds, using models based on the
underlying histological structure. This study evaluates the validity of biomechanical voice
analysis in identifying Reinke’s edema and characterizing the mechanisms that contribute
to its development, persistence, or onset.

Beyond these aims, the study also seeks to determine whether biomechanical markers
can provide objective indicators of tissue alteration that correlate with clinical findings and
endoscopic severity. Since Reinke’s edema is fundamentally associated with changes in the
viscoelastic properties of the superficial lamina propria, a method capable of quantifying
vibratory irregularities and mass-related alterations may offer additional diagnostic value
and support clinical decision-making. Furthermore, by analyzing how the mechanical
behavior of the vocal folds deviates from normative patterns, biomechanical voice anal-
ysis may clarify the extent to which edema, increased mass, or impaired mucosal wave
propagation contribute to dysphonia. Establishing these relationships could improve early
detection, help differentiate Reinke’s edema from other mass-loading conditions, and pro-
vide clinicians with objective tools to monitor treatment outcomes or disease progression.
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2. Materials and Methods
The study was designed as an analytical cross-sectional observational investigation

aimed at evaluating the screening capability of the proposed method for the detection of
Reinke’s edema. The primary sample included 175 women treated in the Department of
Otorhinolaryngology, Vithas Arturo Soria University Hospital and classified into three
groups: controls without vocal pathology (GC, n = 52), patients with Reinke’s edema (REG,
n = 26), and patients with other vocal pathologies (NER, n = 97). All participants provided
informed consent.

Voice samples from all participants in the study were consistently collected by the
same otorhinolaryngology specialist in a consultation room without ambient noise, using a
Samsung Galaxy S8 mobile device (Electronics Co., Ltd. Suwon, South Korea) equipped
with an external Saramonic SmartMic Professional TRRS condenser microphone (Saramonic,
North White Plains, New York, United States). The recorded sample consisted of a non-
nasalized /a/phonation at a natural pitch for 4 s, captured at approximately 15 cm from
the participant’s mouth [9].

Visual examinations of the OC participants were performed and recorded using
an Olympus Visera Elite OTV-S190 flexible videolaryngoscope (Olympus Corporation,
Hachioji, Tokyo, Japan) equipped with a chip-on-tip digital camera, which provided high-
resolution imaging of the laryngeal structures. A stroboscopic light source (Strobolux
III, Optomic) was employed to enable detailed assessment of vibratory function during
phonation. All recordings were captured and stored using a Game Capture HD II device
(AVerMedia Technologies, Inc. New Taipei City, Taiwan), ensuring stable acquisition and
high-quality playback for subsequent analysis.

For all studied cases, signal processing for the extraction of biomechanical parameters
associated with voice production was performed using the OnlineLab VCS® Android ver-
sion developed by Voice Clinical Systems® [10–16], and a comprehensive R3 biomechanical
report (version 9.1.6.2024) was generated via the virtual lab (see Table 1).

Table 1. Normal and pathological ranges of biomechanical parameters presented in the study.
Abbreviations: (r.u) Relative units; (Hz.) Hertz; (SER) Severe reduction; (SLR) Slight reduction; (N)
Normality; (SLE) Slight elevation; (SEE) Severe elevation. Parameters: (Pr01) Fundamental Frequency;
(Pr04) Closed phase; (Pr5) Open phase; (Pr08) Strain; (Pr09) Effort; (Pr10) Efficiency; (Pr17) Mucosal
wave correlation in the closed phase; (Pr18) Mucosal wave correlation in the opening phase, (Pr19)
Correlation of edema in the mucosal wave during the closed phase (Pr20) Correlation of edema in
the mucosal wave during the opening phase; (Pr21) Structural imbalance at the free edge of the vocal
cords; (Pr22) Correlate of possible mass at the free edge of the vocal cords [17].

Pr01
(Hz.)

Pr04
(%)

Pr05
(%)

Pr08
(%)

Pr09
(%)

Pr10
(r.u)

Pr17
(r.u)

Pr18
(r.u)

Pr19
(r.u)

Pr20
(r.u)

Pr21
(r.u)

Pr22
(r.u)

(SER) <160 <50 <25 <0.46 <40 <1 <130 <10 <(−40) - - -

(SLR) 160–179 50–54 25–29 0.46–1 40–80 1–1.2 130–189 10–19 (−40)–(−9) - - -

(N) 180–240 55–70 30–45 1.0–26 80–749 1.2–1.7 190–330 20–65 (−10)–60 0–99 <75 0

(SLE) 241–260 71–75 46–50 27–44 750–1360 1.8–2.3 331–370 66–100 60–90 100–199 75–84 >0

(SEE) >260 >75 >50 >44 >1360 >2.3 >370 >100 >90 >200 >85 >0

X CG 195.1 56.5 43.4 9.7 562.3 0.75 150.2 68.3 −13.6 51.9 70.2 0

X REG 145.6 44.4 55.5 42.5 1795.5 0.63 168.0 242.2 6.4 288.4 * 84.3 0.79 **

* Indicative value of the correlate of edema in the vocal cord; ** Mass correlate at the free edge.

A statistical study was conducted using SPSS version 25 to assess the significance of
the mean differences between groups. To do this, the ANOVA test was applied, allow-
ing variables with statistically significant differences between the groups analyzed to be
identified. Subsequently, a principal components analysis (PCA) was performed to reduce
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the dimensionality of the data and facilitate the grouping of cases based on the observed
patterns. This procedure allowed the identification of the most relevant parameters ex-
plaining the variability between cases. Based on the most significant parameters obtained
from the PCA and ANOVA, a decision-making algorithm was established for the screening
of pathological cases. This algorithm was evaluated in terms of its diagnostic capacity,
assessing its sensitivity and specificity to effectively discriminate between normal and
pathological cases.

3. Results
3.1. Descriptive Analysis

The sample was divided into three groups, obtaining the following results in the
descriptive study:

• Control Group (CG): This group included 52 women with no clinical signs of dyspho-
nia in the previous 3 weeks (to avoid residual acute laryngeal pathology that could
affect biomechanical analysis) and no organic lesions on videolaryngoscopy. Ages
ranged from 38 to 60 years (mean age: 46.88 years).

• Reinke’s Edema Group (REG): This group included 26 women with videolaryn-
gscopic diagnosis of Reinke’s edema, those aged between 40 and 74 years (mean
age: 59.88 years).

• Pathology Group (PG): This group included 97 women with videolaryngoscopic
diagnosis of vocal pathology other than Reinke’s edema, aged 26 to 74 years (mean
age: 48.78 years). The categorization of pathologies was as follows: unilateral vocal
fold paralysis, 4.1%; superficial leukoplakia, 4.1%; sulcus vocalis, 8; vocal cyst, 1%;
vocal polyp, 10.3%; vocal nodules, 33%; acute laryngitis, 18.6%; presbyphonia, 7.2%;
adductor spasmodic dysphonia, 1%; hyperfunctional dysphonia, 2.1%; hypofunctional
dysphonia, 10.3%.

3.2. Results Obtained from the Biomechanical Analysis
3.2.1. Fundamental Frequency (Pr01)

Comparative analysis of fundamental frequency (F0) between the control group and
patients with Reinke’s edema showed a significant reduction in F0 in the latter (p < 0.001).
Specifically, 71.8% of patients had F0 values below 160 Hz, indicative of free edge thickening,
compared to 3.8% observed in the control group.

3.2.2. Vocal Cycle Phase Durations (Pr04–Pr05)

A significant reduction in closed phase duration, within pathological range, was
observed in the Reinke’s edema group compared to controls (p < 0.001). Despite the
thickness of the free edge, contact between the vocal folds becomes less effective, prolonging
the opening phase (Pr05) and causing a loss of energy that reduces glottal efficiency. The
differences in the duration of this phase are statistically significant, with an average increase
of 27% in the group with REG compared to the CG.

3.2.3. Vocal Effort and Strain Parameters (Pr08–Pr09)

Parameter Pr08, representing vocal strain during glottic closure, was significantly
elevated in the Reinke’s edema group (p < 0.001), as was Pr09, which reflects force at the
free edge during closure (p < 0.001). These results show that patients with Reinke’s edema
must make a greater compensatory effort to counteract the mass effect produced by the
thickening of the free edge and achieve effective glottic closure that allows the desired F0
to be reached. In the group with Reinke’s edema (REG), the tension (Pr08) increases, on
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average, by 338% (CG = 9.7 u.r.; REG = 42.5 u.r.), while glottic squeeze (Pr09) increases by
219% (CG = 562.3 u.r.; REG = 1785.5 u.r.).

3.2.4. Glottic Efficiency (Pr10)

Average glottal efficiency was lower in patients with Reinke’s edema than in the
control group, constituting a clinical finding in 88.95% of cases. However, the differences
between the two groups were not statistically significant (p > 0.005).

3.2.5. Mucosal Wave (MW) in the Closed Phase (Pr17–Pr19)

In Reinke’s edema patients, the MW adequacy index tended to remain within the
normal range, while in the control group, it was slightly reduced. However, no significant
difference was found (p > 0.005).

3.2.6. Mucosal Wave (MW) in the Opening Phase (Pr 18–Pr20)

The Reinke’s Edema group showed a marked increase in MW amplitude during the
opening phase, affecting 90% of patients, compared to controls (p < 0.001) (Figure 2).

Figure 2. The ROC curves corresponding to the three parameters with the greatest discriminatory
capacity for differentiating Reinke’s oedema from the normal population are presented: (A) Pr1,
Fundamental Frequency; (B) Pr18, Mucosal wave correlation in the closing phase; (C) Pr20 Correlation
of oedema during the mucosal wave in the open phase.

3.2.7. Glottic Impact Parameters (Pr21–Pr22)

In the group with Reinke’s edema, there was a marked alteration of the free edge,
reflected in elevated mass effect values (Pr22), which were significantly higher than those
of the control group (p < 0.001). However, no significant differences were found in the mass
effect of the free edge when comparing the group with Reinke’s edema with the group
with other vocal pathologies (p > 0.001). This pattern suggests that Reinke’s edema has
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distinctive acoustic properties that do not depend solely on the increase in mass at the free
edge but rather respond to pathophysiological characteristics specific to this entity.

3.3. Screening Reinke’s Edema via Biomechanical Analysis

Using biomechanical parameters, combining a decrease in F0 below normal female
range (Pr01 < 180 Hz) with increased MW indices (Pr18 ≥ 90 u.r. and Pr20 ≥ 200 u.r.), the
analysis correctly identified 76.9% of Reinke’s edema cases compared to controls (Table 2).

Table 2. Screening results for the full patient cohort (OC-N Control Group and RE) using the criteria
of decreased F0 and increased mucosal wave (Pr18/Pr20). Abbreviations: PPV: Positive Predictive
Value; NPV: Negative Predictive Value.

CG (N:52) REG (N:26)

↓ F0 + ↑ Pr18 ± ↑ Pr20 No Yes No Yes
48 4 6 20

Sensitivity 0.77
Specificity 0.92

PPV 0.83
NPV 0.89

This screening method was applied to a broader group of 123 patients with various
vocal pathologies, including the 26 patients diagnosed with Reinke’s edema (RE). The
analysis identified 77% of Reinke’s edema cases as positive and correctly excluded 93% of
non-Reinke’s pathologies (Table 3).

Table 3. Screening results comparing patients with general voice disorders versus those with a
main diagnosis of Reinke’s edema, using the criteria of decreased F0 and increased mucosal wave
(Pr18/Pr20) [17].

PG (N:97) REG (N:26)

↓ F0 + ↑ Pr19 ± ↑ Pr20 No Yes No Yes
90 7 6 20

Sensitivity 0.77
Specificity 0.93

PPV 0.74
NPV 0.94

4. Discussion
Voice results from airflow acting upon the vocal folds [18]. The MW—and therefore

the vocal signal—depends on airflow and the biomechanical properties of the vocal folds.
The vocal fold structure is described as a layered system [19]. Histologically, it contains
three layers: epithelial mucosa, lamina propria (with superficial, intermediate, and deep
divisions—Reinke’s space included), and the vocal muscle. The viscoelastic structure of the
lamina propria, determined by fiber density and composition, defines its biomechanical
behavior [20]. Biomechanically, the folds are divided into three functional layers: Cover
(epithelial mucosa + superficial lamina propria); Transition (intermediate + deep lamina
propria -vocal ligament-; and Body (vocal muscle).

The lining epithelium must withstand repeated contact between the vocal folds.
Reinke’s space, the most vibratory portion of the vocal fold, is rich in extracellular ma-
trix proteins and has few fibers, and its thickness is maximum in the intermediate third
of the vocal folds [21]—the primary contact region during phonation. In the transition
layer, collagen and elastin fibers allow the ligament to adapt to length and strain changes
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(anteroposterior and lateromedially), modulating F0 and ensuring proper fold contact [22].
The vocalis muscle (thyroarytenoid) regulates vocal fold stiffness and strain [23], while
the cricothyroid muscle—external to the fold—modulates elongation, increasing F0. Thus,
the structure determines the biomechanical signal, and any pathological disruption alters
voice production.

Pathophysiology of Reinke’s Edema. Histologically, Reinke’s edema is characterized
by increased subepithelial vascularization [4] due to dilated and fragile capillaries. Plasma
extravasation occurs during vibration through endothelial pores. Inflammatory cells ex-
pressing VEGF are also present, responding to hypoxia from smoking or phonation [24].
The increased volume in Reinke’s space disrupts vocal fold architecture, limiting pitch
modulation despite functioning transition and body layers. The larger the edema, the
greater the impairment. Diagnosis is based on visual assessment (videolaryngoscopy),
allowing for severity grading [25,26]. This study included only female patients, due to
the clear gender predominance (13:1) in our ENT department; and consistent findings in
the literature [7], but it should be noted that the findings observed in this study cannot be
automatically extrapolated to the male population.

Biomechanical Analysis in Reinke’s Edema. Acoustic voice analysis shows F0 reduc-
tion proportional to edema size, but parameters like jitter, shimmer, or Noise-to-Harmonics
Ratio do not define a characteristic pattern [27], although the combination of acoustic, aero-
dynamic and electroglottographic parameters of a patient with Reinke’s edema is useful to
establish a comparison before and after surgical treatment [28]. However, biomechanical
voice signal analysis provides correlations of fold dynamics and accurately describes each
patient’s vocal production pattern. In Reinke’s edema, the pathological biomechanical
voice pattern is characterized by alterations at three levels:

1. Structural Alterations: Marked F0 reduction (Pr01), often within male frequency range.
Increased MW amplitude in opening (Pr20), due to redundant flaccid tissue fluttering
with subglottic airflow (Figure 3).

2. Functional Consequences: Shortened closed phase duration (Pr04–Pr05) due to floppy
consistency of folds, preventing stable contact despite increased volume [29]. Mass
effect at the free edge impeding closure, producing glottic impact (Pr21–Pr22).

3. Compensatory Mechanisms: Include increased phonatory effort and heightened
muscular tension to achieve and maintain glottal closure (Pr08–Pr09), with the goal of
enhancing glottal efficiency and counteracting the drop in fundamental frequency.

Correlate of the mucosal wave. The marked reduction in the closure phase observed
in patients with Reinke’s edema limits the possibility of reliably evaluating the expected
increase in the mucosal wave associated with the pathophysiology of this entity. The
alteration and shortening of this phase prevent biomechanical biomarkers from adequately
reflecting the vibratory behavior of the free edge during glottic closure. In contrast, the
large and increased movement of the surface edge characteristic of Reinke’s edema is
clear during the open phase, where the mucosal wave can be consistently detected and
quantified using biomechanical voice biomarkers.

Screening Performance. The combined use of reduced Pr01 and elevated Pr18/Pr20
achieved a sensitivity and specificity of 77% for identifying Reinke’s edema when compared
with healthy controls (Figure 2). This indicates that the biomechanical profile defined by
these parameters is highly representative of the functional alterations associated with the
disorder, particularly the increased mass and impaired vibratory efficiency of the superficial
lamina propria. When the same criteria were applied to individuals with other laryngeal
pathologies, certain biomechanical patterns showed partial resemblance to those seen in
Reinke’s edema. For example, a reduction in fundamental frequency may also occur in
acute laryngitis due to inflammatory thickening, while an increased mucosal wave can be
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observed in lesions such as vocal fold polyps, which also modify the pliability of the free
edge. Despite these overlaps, the screening approach demonstrated strong discriminatory
capability: it correctly identified 77% of Reinke’s edema cases while maintaining a low
false-positive rate of only 7%. This balance between sensitivity and specificity suggests
that biomechanical voice analysis may serve as a valuable adjunct tool for early detection,
differential diagnosis, and clinical decision-making in patients presenting with mass-related
vocal fold alterations (Table 3).

Figure 3. Scatterplot of cases from CG (green circles) versus cases from REG (red circles), based
on F0 values (Pr01) and the mucosal wave correlate during opening (Pr20). Cases located below
the horizontal dotted line (F0: 160 Hz) exhibit severely reduced F0, while the vertical line (200 r.u.)
marks the upper limit for severe Pr20 values (200 r.u.). The plot shows that most Reinke’s edema
cases cluster around Pr01 values below 160 Hz and Pr20 values above 200 r.u. Outliers from this
distribution include: (1) cases with very mild, compensable edema or coexisting pathology that
counteracts the edema (e.g., N-69, see Figure 1), which are grouped in the upper left quadrant;
(2) cases with increased mucosal wave during closure but not during opening (e.g., N-62); and
(3) cases where the vocal biomechanics suggest difficulty in generating sufficient subglottic pressure
to initiate a mucosal wave—such as the presence of a glottic gap (N-72) or severely prolonged open
phase duration (N-75).

Several false positives were likely attributable to excess mucus behaving as a mass
during phonation [30], underscoring the importance of adequate vocal clearing before
recording. Finally, in a subset of Reinke’s cases, coexisting lesions (Figure 1) modified
the biomechanical pattern; however, the screening method still accurately identified the
underlying condition (Figure 4). In contrast, most of the false negatives observed in
Figure 4 corresponded to mild presentations of Reinke’s edema. In these early stages,
the mucosal wave remains largely preserved, and the characteristic vibratory impairment
caused by increased mass is not yet pronounced enough to meet the detection threshold
of the screening parameters. These milder cases are often accompanied by a glottic gap
during phonation; because the free edges do not achieve full contact, the amplitude and
propagation of the mucosal wave appear reduced, creating a pattern that can mask the
initial biomechanical consequences of edema and thereby reduce sensitivity.

Another compensatory mechanism appears to contribute to false-negative classifica-
tions. Some patients actively counteract the typical pitch-lowering produced by thickening
of the free edge by increasing their fundamental frequency. They achieve this by elongating
the vocal folds and elevating longitudinal tension, which decreases the mucosal wave. This
compensatory increase in F0 produces a biomechanical profile that more closely resembles
that of normal phonation, allowing mild cases of Reinke’s edema to remain undetected by
the screening model.
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Figure 4. Scatterplot showing the distribution of patients with general voice pathology (crosses)
versus those with a main diagnosis of Reinke’s edema (circles), based on the main parameters of
the study: F0 (Pr01), mucosal wave correlation in the closing phase (Pr18), and correlation of edema
during the mucosal wave in the open phase (Pr20).

5. Conclusions
Reinke’s edema is a frequent cause of chronic dysphonia, particularly in women.

This study demonstrates that biomechanical voice analysis can identify the characteristic
pathological vocal production patterns associated with this condition. As a non-invasive,
objective, and reproducible method, it offers significant potential as a screening tool for
diagnosing Reinke’s edema. Early identification of vocal biomechanical alterations may
facilitate timely referral, improve patient outcomes, and contribute to the detection of
early-stage laryngeal pathologies. Therefore, integrating biomechanical voice analysis into
routine clinical practice as a screening and monitoring tool complementary to videolaryn-
gostroboscopy could enhance diagnostic accuracy and support preventive strategies in
voice-related disorders.
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Abbreviations
The following abbreviations are used in this manuscript:

CG Non-pathological cases
REG Cases of Reinke’s edema
PG Vocal Fold Pathology—no Reinke’s edema
MW Mucosal Wave
r.u Relative units
Hz Hertzs.
SER Severe reduction
SLR Slight reduction
N Normality
SLE Slight elevation
SEE Severe elevation
Pr01 Fundamental Frequency
Pr04 Closed phase
Pr05 Open phase
Pr08 Strain
Pr09 Effort
Pr18 Mucosal wave correlation in the closing phase
Pr20 Correlation of edema during the mucosal wave in the open phase
Pr21 Structural imbalance at the free edge of the vocal cords
Pr22 Correlate of possible mass at the free edge of the vocal cords
PPV Positive Predictive Value
NPV Negative Predictive Value
AUR Area under ROC curve
X CG Average value in the control group
X REG Average value in the group of patients with Reinke’s edema

References
1. Hajek, M. Anatomische Untersuchungen über das Larynxödem. Langenbecks Arch. Chir. 1891, 42, 46–93.
2. Dewan, K.; Chhetri, D.K.; Hoffman, H. Reinke’s edema management and voice outcomes. Laryngoscope Investig. Otolaryngol. 2022,

7, 1042–1050. [CrossRef]
3. Quinton, B.A.; Arianpour, K.; Yaffe, N.M.; Tierney, W.S.; Benninger, M.S.; Bryson, P.C. Reassessing the Role of Phonomicrosurgery

and Smoking Status in the Management of Reinke’s Edema. Laryngoscope 2024, 134, 2659–2663. [CrossRef] [PubMed]
4. Sato, K.; Hirano, M.; Nakashima, T. Electron Microscopic and Immunohistochemical Investigation of Reinke’s Edema. Ann. Otol.

Rhinol. Laryngol. 1999, 108, 1068–1072. [CrossRef] [PubMed]
5. Tavaluc, R.; Tan-Geller, M. Reinke’s Edema. Otolaryngol. Clin. N. Am. 2019, 52, 627–635. [CrossRef]
6. Rubin, J.S.; Sataloff, R.T.; Korovin, G.S. Diagnosis and Treatment of Voice Disorders, 4th ed.; Plural Publishing: San Diego, CA, USA,

2014.
7. Simpson, C.B.; Rosen, C.A. Reinke’s Edema. In Operative Techniques in Laryngology; Springer: Cham, Switzerland, 2024.
8. Longo, L.; Pipitone, L.L.; Cilfone, A.; Gobbi, L.; Mariani, L. Reinke’s Edema: New Insights into Voice Analysis, a Retrospective

Study. J. Voice 2026, 40, 256.e9–256.e18. [CrossRef]
9. Pedersen, M.; Nashaat, N.H.; Camesasca, V.; Hernández-Villoria, R.; Das, S. (Eds.) Voice-Related Biomarkers; Springer Nature:

Cham, Switzerland, 2026. [CrossRef]
10. Wallace, J.; Kanegaonkar, R. The role of smartphone applications in clinical practice: A review. J. Laryngol. Otol. 2020, 134, 96–103.

[CrossRef] [PubMed]

https://doi.org/10.3390/jpm16030133

https://doi.org/10.1002/lio2.840
https://doi.org/10.1002/lary.31207
https://www.ncbi.nlm.nih.gov/pubmed/38009572
https://doi.org/10.1177/000348949910801108
https://www.ncbi.nlm.nih.gov/pubmed/10579234
https://doi.org/10.1016/j.otc.2019.03.006
https://doi.org/10.1016/j.jvoice.2023.08.008
https://doi.org/10.1007/978-3-032-03134-1
https://doi.org/10.1017/S0022215119002652
https://www.ncbi.nlm.nih.gov/pubmed/31957631
https://doi.org/10.3390/jpm16030133


J. Pers. Med. 2026, 16, 133 11 of 11

11. Pérez-Bonilla, M.; Borrego, P.D.; Mora-Ortiz, M.; Fernández-Baillo, R.; Muñoz-Alcaraz, M.N.; Mayordomo-Riera, F.J.; López, E.G.
Relationship Between Voice Analysis and Functional Status in Patients with Amyotrophic Lateral Sclerosis. Audiol. Res. 2025, 15,
53. [CrossRef]

12. Martínez-Cano, A.; Martín-Conty, J.L.; Mordillo-Mateos, L.; Bernal-Jimenéz, J.J.; Polonio-López, B.; Martínez-Lorca, M. Funda-
mental Frequency of the Voice in Schizophrenia and Its Value as a Biomarker of the Disease. J. Voice 2024. [CrossRef]

13. Romero-Arias, T.; Redondo-Cortés, I.; Pérez-Del-Olmo, A. Biomechanical Parameters of Voice in Parkinson’s Disease Patients.
Folia Phoniatr. Logop. 2024, 76, 91–101. [CrossRef]

14. Romero-Arias, T.; Hernández-Velasco, R.; Betancort, M.; Mena-Chamorro, P.; Sabater-Gálvez, L.; Pérez-Del-Olmo, A. Exploring
Biomechanical Correlates in Voice Analysis of Multiple Sclerosis Patients. Folia Phoniatr. Logop. 2025, 77, 147–160. [CrossRef]
[PubMed]

15. Gómez-Vilda, P.; Fernández-Baillo, R.; Nieto, A.; Díaz, F.; Fernández-Camacho, F.J.; Rodellar, V.; Álvarez, A.; Martínez, R.
Evaluation of Voice Pathology Based on the Estimation of Vocal Fold Biomechanical Parameters. J. Voice 2007, 21, 450–476.
[CrossRef]

16. Tenesaca Pintado, W.; Fernández Baillo, R.; Cardoso Lopez, I.; Rodriguez Paramas, Á.; Martínez Martínez, A. Scale for the
assessment of mucosal wave dynamics during stroboscopic examination: Clinical validation study. Eur. Arch. Otorhinolaryngol.
2024, 281, 6565–6577. [CrossRef]

17. Tenesaca, W.; Fernández-Baillo, R.; Cardoso, I.; Pino, V.; Chachi, E. Approach to the Dynamics of the Vocal Cords During the
Exploration With Flexible Laryngeal Stroboscopy. Laryngoscope Investig. Otolaryngol. 2025, 10, e70219. [CrossRef]

18. Van Den Berg, J. Myoelastic aerodynamic theory of voice production. J. Speech Hear. Res. 1958, 1, 227–244. [CrossRef]
19. Hirano, M. Clinical Examination of Voice; Springer: Vienna, Austria, 1981.
20. Gray, S.D.; Titze, I.R.; Alipour, F.; Hammond, T.H. Biomechanical and histologic observations of vocal fold fibrous proteins. Ann.

Otol. Rhinol. Laryngol. 2000, 109, 77–85. [CrossRef]
21. Benboujja, F.; Hartnick, C. Quantitative evaluation of the human vocal fold extracellular matrix using multiphoton microscopy

and optical coherence tomography. Sci. Rep. 2021, 11, 2440. [CrossRef]
22. Xuan, Y.; Zhang, Z. Influence of embedded fibers and an epithelium layer on glottal closure pattern. J. Speech Lang. Hear. Res.

2014, 57, 416–425. [CrossRef] [PubMed]
23. Jiang, W.; Geng, B.; Zheng, X.; Xue, Q. A computational study of the influence of thyroarytenoid and cricothyroid muscle

interaction. Biomech. Model. Mechanobiol. 2024, 23, 1801–1813. [CrossRef]
24. Grossmann, T.; Steffan, B.; Kirsch, A.; Grill, M.; Gerstenberger, C.; Gugatschka, M. Exploring the pathophysiology of Reinke’s

edema: The cellular impact of cigarette smoke and vibration. Laryngoscope 2021, 131, E547–E554. [CrossRef] [PubMed]
25. Yonekawa, H. A clinical study of Reinke’s edema. Auris Nasus Larynx 1988, 15, 57–78. [CrossRef] [PubMed]
26. Eckel, H.E.; Remacle, M. Fundamentals of Laryngeal Surgery: Approaches, Instrumentation, and Basic Microlaryngoscopic

Techniques. In Textbook of Surgery of Larynx and Trachea; Springer: Cham, Switzerland, 2022; pp. 37–45.
27. Brockmann-Bauser, M.; Drinnan, M.J. Routine acoustic voice analysis: Time to think again? Curr. Opin. Otolaryngol. Head Neck

Surg. 2011, 19, 165–170. [CrossRef] [PubMed]
28. Lim, J.Y.; Choi, J.N.; Kim, K.M.; Choi, H.S. Voice analysis of patients with diverse types of Reinke’s edema. Acta Otolaryngol. 2006,

126, 62–69. [CrossRef]
29. Alipour, F.; Scherer, R.C. Vocal fold bulging effects on phonation. J. Voice 2000, 14, 470–483. [CrossRef]
30. Döllinger, M.; Grohn, F.; Berry, D.; Eysholdt, U.; Luegmair, G. Preliminary results on the influence of engineered artificial mucus

layer on phonation. J. Speech Lang. Hear. Res. 2014, 57, S637–S647. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jpm16030133

https://doi.org/10.3390/audiolres15030053
https://doi.org/10.1016/j.jvoice.2024.11.005
https://doi.org/10.1159/000533289
https://doi.org/10.1159/000540457
https://www.ncbi.nlm.nih.gov/pubmed/39033740
https://doi.org/10.1016/j.jvoice.2006.01.008
https://doi.org/10.1007/s00405-024-08975-5
https://doi.org/10.1002/lio2.70219
https://doi.org/10.1044/jshr.0103.227
https://doi.org/10.1177/000348940010900115
https://doi.org/10.1038/s41598-021-82157-9
https://doi.org/10.1044/2013_JSLHR-S-13-0068
https://www.ncbi.nlm.nih.gov/pubmed/24167236
https://doi.org/10.1007/s10237-024-01869-9
https://doi.org/10.1002/lary.28855
https://www.ncbi.nlm.nih.gov/pubmed/32569447
https://doi.org/10.1016/S0385-8146(88)80010-5
https://www.ncbi.nlm.nih.gov/pubmed/3421866
https://doi.org/10.1097/MOO.0b013e32834575fe
https://www.ncbi.nlm.nih.gov/pubmed/21483265
https://doi.org/10.1080/00016480510043927
https://doi.org/10.1016/S0892-1997(00)80004-1
https://doi.org/10.1044/2014_JSLHR-S-12-0277
https://www.ncbi.nlm.nih.gov/pubmed/24686925
https://doi.org/10.3390/jpm16030133

	Introduction 
	Materials and Methods 
	Results 
	Descriptive Analysis 
	Results Obtained from the Biomechanical Analysis 
	Fundamental Frequency (Pr01) 
	Vocal Cycle Phase Durations (Pr04–Pr05) 
	Vocal Effort and Strain Parameters (Pr08–Pr09) 
	Glottic Efficiency (Pr10) 
	Mucosal Wave (MW) in the Closed Phase (Pr17–Pr19) 
	Mucosal Wave (MW) in the Opening Phase (Pr 18–Pr20) 
	Glottic Impact Parameters (Pr21–Pr22) 

	Screening Reinke’s Edema via Biomechanical Analysis 

	Discussion 
	Conclusions 
	References

