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Summary: Objectives. The main objectives of this study were to (1) examine intrarater and inter-rater reliabilities
in perceptual ratings of vocal fold vibratory patterns and supraglottic characteristics for essential vocal tremor and ad-
ductor spasmodic dysphonia (AdSD) using high-speed videoendoscopy (HSV), and (2) to investigate the specificity
of the parameters in differentiating these two voice disorders.
Methods. HSV recordings of 34 cases diagnosed with essential vocal tremor, AdSD, or AdSD with vocal tremor were
evaluated blindly by two voice speech pathologists. The two raters examined all HSV video segments twice across
nine supraglottic and vocal fold vibratory characteristics for inter-rater and intrarater reliabilities. A separate consen-
sus rating was then developed, with the results analyzed to explore differentiation.
Results. Raters demonstrated moderate intrarater reliability with mean Spearman’s rho correlation coefficients of 0.68
(rater 1) and 0.73 (rater 2). Moderate inter-rater reliability for the two raters was seen across all parameters with a mean
Cohen’s kappa coefficient of 0.51. Raters showed higher intrarater and inter-rater reliabilities for supraglottic param-
eters. Only the presence of tremor differentiated between the two voice disorders in cases with a consistent diagnosis.
Conclusions. The high level of concomitance between vocal tremor and AdSD may affect subjective perceptual anal-
ysis of supraglottic and vocal fold vibratory patterns. Results indicate similar global involvement of supraglottic laryngeal
structures for both vocal tremor and AdSD.
Key Words: High-speed videoendoscopy–Essential voice tremor–Adductor spasmodic dysphonia–Inter-rater
reliability–Intrarater reliability.

INTRODUCTION

Establishing improved reliability for the endoscopic features of
vocal function is key to identifying characteristics that may dif-
ferentiate between voice disorders. This is particularly important
for two voice disorders, essential vocal tremor (EVT) and ad-
ductor spasmodic dysphonia (AdSD). EVT is a neurologic voice
disorder characterized by the perception of an unsteady, trem-
ulous voice with involuntary fundamental frequency modulations
caused by near rhythmic oscillations of muscle movements during
phonation.1–3 AdSD is a neurologic, focal laryngeal dystonia that
presents with a strained, strangled vocal quality, irregular voice
breaks, and marked effort during phonation as a result of an spasm
of the laryngeal muscles.4–8 Clinicians and doctors often find them
difficult to reliably distinguish because of overlapping auditory-
perceptual characteristics, their aperiodic voice signals, and high
co-occurrence rates.4,9–11

Misdiagnosis between EVT and AdSD or with other func-
tional voice disorders such as muscle tension dysphonia12–14 may
delay appropriate treatments for patients. Patients with

spasmodic dysphonia wait an average of 4.5 years to receive an
accurate diagnosis after initially seeing a physician.15 In the same
patient interviews, approximately 25% of the subjects reported
being prescribed ineffective medications or treatments other than
botulinum toxin, such as anxiety or reflux medications, to attempt
to treat their symptoms because of misdiagnosis.15 A reliable di-
agnosis will ensure the timely delivery of correct treatment
techniques for these similar-sounding voice disorders.

The differential diagnoses of EVT and AdSD is based on sub-
jective auditory perception, visual evaluation of endoscopic
laryngeal imaging, patient report, and a medical case history. Pre-
sentations of EVT and AdSD often present with similar perceptual
hallmarks, with full voice stoppages documented for severe EVT
cases and instances of tremor co-occurring with AdSD.4,9 Recent
studies report EVT accompanying AdSD between 26.0%
and 54.4% of all cases.11,16 These concomitant cases often
demonstrate an irregular tremor similar in rate to EVT10 and pe-
riodic fluctuations in pitch and loudness during sustained
phonation.5,13,17,18 Such cases can make it much more difficult
to reliably diagnose these disorders.

Despite similarities in auditory-perceptual presentation, clin-
ical diagnosis of EVT and AdSD still often relies most heavily
upon auditory-perceptual evaluations.10,11,13,19 Several studies have
assessed the reliability of auditory-perceptual evaluations of EVT
and AdSD.20,21 Chhetri et al21 found 64% exact agreement between
listeners rating the severity of cases with AdSD alone. Johnson
et al20 examined the perceptual reliability between diagnostic cases
of AdSD, EVT, AdSD with tremor, and abductor spasmodic dys-
phonia. Although Johnson et al discovered that raters could
reliably differentiate EVT or AdSD from other voice disorders
over the telephone, when asked to provide a differential diagnosis
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between the two disorders, results indicated poor reliability
(κ = 0.20–0.33).20

Direct laryngeal imaging of phonation is essential for reli-
able differential diagnosis of voice disorders. Complementing
auditory-perceptual, aerodynamic, and acoustic analysis, laryn-
geal imaging techniques can detect clinically significant findings
impossible by indirect means.22–26 Reliably judging the voice and
the vocal fold movement, however, can be challenging for clin-
ical assessment.27–29 Subjective auditory and visual-perceptual
judgments can be biased because of a lack of standardized, well-
defined criteria for reliably identifying and rating laryngeal
endoscopic parameters for voice disorders.30

Studies examining the differential diagnosis of voice disor-
ders using videostroboscopy27,31–33 and high-speed videoendoscopy
(HSV)34–36 often show high reliability differentiating normal from
disordered cases. However, ratings for individual dynamic la-
ryngeal and vocal fold vibratory parameters are often found to
have poor to fair inter-rater reliability.27,30,37–40 Common re-
ported parameters like glottal closure (0.38–0.83),27,30,33,40–44

mucosal wave (0.50–0.74),30,40–45 and vocal fold regularity
(0.32–0.96),27,30,40,41,44 for example, demonstrate wide variance
in agreement across studies. Despite the need for consistent and
reproducible ratings, recent reviews of the literature indicate that
studies examining voice therapy outcomes also under-reported
rater reliability for videostroboscopy. In the limited studies on
voice outcomes that do report the reliability, the findings are often
deemed to have poor reliability or insufficient methodology.38,39

To improve reliability outcomes, researchers have emphasized
training protocols, consensus ratings, minimal experience re-
quirements, and rating forms. Further research, however, is
required to determine whether the mixed outcomes seen across
individual parameters may be attributed to insufficient experi-
ence and training or human perceptual and technical limitations.

With videostroboscopy derived from an indirect, acoustic-
based signal, technical limitations arise in its ability to reliably
diagnose aperiodic voice disorders. New techniques using simu-
lated stroboscopy, which extracts the vibratory phase directly from
HSV data, show promise for better reliability over traditional
videostroboscopy for benign lesions.45 HSV allows for exami-
nation across each individual glottal cycle and lets clinicians
observe laryngeal spasms, phonatory breaks, and rapid laryn-
geal movements such as supraglottic constriction,23,25,46 features
that are often attributed to EVT and AdSD. In a recent compar-
ison of vocal fold vibratory parameters between stroboscopy and
HSV for clinical use, the inclusion of HSV changed the diag-
nosis in 7% of cases.47 Although previous studies have sought
to characterize AdSD against other voice disorders,4,8,26 identi-
fy risk factors,5 and examine tremor severity,37,48 no studies have
used HSV to examine reliability or to identify potential param-
eters between AdSD and EVT.4,8,19,23,29,49

The goals of the present study were twofold: first, to assess
the reliability of the raters’ judgments of supraglottic and vocal
fold vibratory characteristics obtained with HSV; and second,
to examine whether any of the parameters could differentiate
between EVT and AdSD. It was hypothesized that (1) the raters
would achieve a higher reliability for parameters with supra-
glottic activity during phonation compared with true vocal fold

(TVF) vibratory patterns, (2) reliability would increase in cases
where the diagnosis clearly indicated either EVT or AdSD with
no diagnosed concomitance, and (3) predicted parameters with
higher reliability would distinguish between EVT and AdSD.

METHODS

Data collection

HSV data were compiled to conduct this retrospective analy-
sis. The HSV video recordings were obtained over a period of
5 years during routine clinical examinations of patients. The same
otolaryngologist determined a clinical differential diagnosis: EVT,
AdSD, or AdSD with vocal tremor for each case. The selec-
tion criteria for HSV videos included an unobstructed view of
the arytenoids, the false vocal folds (FVFs), and the TVFs during
sustained phonation. Thirty-four HSV recordings met these cri-
teria. The distribution across the three diagnostic categories was
as follows: AdSD (n = 16), EVT (n = 8), AdSD with vocal tremor
(n = 10).

All video cases were performed using a 70° rigid laryngo-
scope (Model 9106; KayPENTAX, Montvale, NJ) and paired
with an HSV system (Model 9700, KayPENTAX) and a 300-W
cold light source (CLV-U20; Olympus America, Center Valley,
PA). During the collection procedure, the patients were in-
structed to sustain the vowel /i/ with a comfortable pitch and
loudness. Each video recording was digitally stored in a data-
base at an uncompressed 8-bit monochrome grayscale with a pixel
resolution of 120 × 256 pixels and a sampling rate of 2000 frames
per second (fps). Selected video segments included both initi-
ation and sustained phonation. No audio files were used during
the rating of supraglottic and vocal fold vibratory features for
any of the 34 cases in the study to ensure that raters were rating
only the parameters related to the supraglottic and vocal fold
vibratory behaviors. No perceptual or additional identifying in-
formation was included in the presentation of the videos for the
ratings. Raters were blind to the diagnosis for all the cases in-
cluded in the study.

Parameter selection

Following a review of the literature for supraglottic and vocal
fold vibratory characteristics identified with either EVT or AdSD,
nine parameters were initially selected. The parameters were to
be rated by their presence or absence. These included four su-
praglottic parameters: rhythmic supraglottic oscillation, arytenoid
tremor, supraglottic constriction, and sustained FVF involve-
ment; and five vocal fold vibratory parameters: TVF vibratory
disruption, aperiodicity, right-left (R/L) TVF asymmetry, anterior-
posterior (A/P) TVF asymmetry, and phase asymmetry. Of these
supraglottic parameters, the two identified with EVT were ary-
tenoid tremor and rhythmic supraglottic oscillation.2,3,9,10,50,51

The HSV videos from the 70° rigid laryngoscope captured a
tight frame around the larynx and did not include all supraglot-
tic structures. Although tremor along the tongue, palate, and
posterior pharyngeal wall can be present in EVT, this presence
was not visible within the identified frames of the HSV videos
for the current study and was therefore excluded. However,
rhythmic supraglottic oscillation patterns were evaluated. Two
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other parameters, supraglottic constriction and sustained in-
volvement of supraglottic structures such as the sustained FVF
involvement during phonation, are linked more closely with
AdSD.4,5,10 Although Sulica and Louis10 also assert some in-
volvement of global laryngeal structures during phonation for
EVT, the presence of these characteristics was reported less
frequently.

Depending on the severity of the presentation, disruptions of
the TVF vibratory behavior can potentially be present in all three
diagnostic categories in the present study: EVT, AdSD, and AdSD
with vocal tremor.4,9 However, given EVT’s physiological pre-
sentation with rhythmic movement of the laryngeal structures,
it was hypothesized that EVT would show less aperiodicity, TVF
asymmetry, and phase asymmetry; whereas the potential effects
of the intermittent hyperadduction of vocal folds in AdSD would
likely show increased aperiodicity and asymmetry.3,8,35,52 From
these nine dichotomous parameters examining presence or
absence, subcategories were created for a total of 21 potential
variables (see Appendix for a complete list of parameters and
their definitions). These subcategories were added to indicate
the location (right, left, or both TVFs) and the direction of move-
ment (lateral, A/P direction) for the affected structure, and the
degree of involvement (absent, intermittent, or consistent).

Subjective video analysis

The thirty-four HSV cases were rated by two speech-language
pathologists specializing in voice disorders. Both raters had prior
experience in evaluating laryngeal endoscopic examinations. The
two raters had different levels of clinical experience: a doctor-
al candidate with 3 years of experience with voice and a PhD
speech-language pathologist specializing in voice disorders. Before
beginning the video analysis, the raters participated in two train-
ing sessions where two separate HSV cases not included in the
current study were presented. With these training samples used
as a visual anchor, the characteristics were identified, dis-
cussed, and defined between the raters before judging the study’s
HSV data. The definition set for each of the parameters made
during the training session was available as a written anchor for
each rater during their review of the recordings. For intrarater
reliability, both raters completed a second round of ratings for
all 34 cases.

The selected HSV video segments for each case were ran-
domized and observed in a sequential order by the raters. Two
playback rates were used in the presentation of the recordings
to accommodate judgments for supraglottic and TVF charac-
teristics. First, the raters viewed an individual case at a 200-
fps playback rate to judge the identified supraglottic structures.
These observations were followed by a slow playback rate of
20 fps to judge the vocal fold vibratory function. The raters as-
sessed each case based on the identified parameters, scoring first
for the absence or the presence and then scoring the subcatego-
ries along a scaled rating for the location, direction, and degree
of the involvement as appropriate.

Consensus rating for differentiation

Following the reliability ratings, a separate consensus rating
between the two raters was established to produce a standard

score for each case across all of the identified characteristics.
This consensus score was used to analyze the specificity of the
parameters in differentiating between EVT and AdSD. During
the development of the consensus rating, each of the 34 indi-
vidual cases were reviewed and discussed between the two speech-
language pathologists to come to an agreed upon score across
each of the parameters.

Diagnosis reliability rating

Given the high level of documented concomitant cases of EVT
and AdSD, two otolaryngologists conducted a secondary anal-
ysis of diagnostic reliability, including the same otolaryngologist
who made the initial diagnoses. The otolaryngologists re-
viewed each of the 34 cases using auditory-perceptual evaluation
in addition to laryngeal videostroboscopy for confirmation to make
their diagnosis. Cases where the two laryngologists agreed upon
a diagnosis were further examined.

Statistical analysis

Statistical analysis was conducted using SPSS 22.0 (SPSS,
Chicago, IL) and MedCalc 15.11.4 (MedCalc Software, Ostend,
Belgium). Inter-rater reliability for the dichotomous param-
eters measuring presence or absence was calculated using the
Cohen’s kappa coefficient (κ). An alternative, weighted kappa
can be used for categorical data with an ordinal structure to take
into consideration scaled disagreements between raters along with
the degree of magnitude of the potential disagreement.53 Thus,
a quadratic weighted Cohen’s kappa was chosen for the sub-
category parameters based on location and severity.

Intrarater reliability was assessed using the Spearman’s rank
correlation coefficient after both raters completed a second round
of ratings for all 34 cases. Spearman’s rank measures the strength
of the association between two sets of ratings for an individual
rater, standardized on a −1 to 1 scale where 1 is a direct corre-
lation and −1 reflects an inverse correlation. Analysis for the
discrimination of parameters between the three diagnostic cat-
egories was conducted via Pearson chi-square analysis and
descriptive statistics. The observed level of statistical signifi-
cance was set by alpha (P < 0.05).

RESULTS

Inter-rater reliability

Inter-rater reliability using kappa and weighted kappa statis-
tics met a moderate mean agreement (κ = 0.51) for all 21
parameters. The Landis and Koch scale for assessing the mag-
nitude of agreement provided additional interpretation for the
findings (where 0.01–0.20 equals slight agreement, 0.21–0.40
equals fair agreement, 0.41–0.60 equals moderate agreement,
0.61–0.80 equals substantial agreement, and 0.81–1.0 is con-
sidered an almost perfect agreement).54 Table 1 shows the
reliability distribution for the parameters between the raters.
The raters demonstrated substantial agreement (.61–.80) for 7
of the 21 total parameters (33%), with high reliability noted for
the dichotomous presence or absence of rhythmic supraglottic
oscillation. Ratings for 9 of the remaining 14 parameters reached
moderate agreement (43%), including the dichotomous presence
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or absence of arytenoid tremor, TVF vibratory disruption, su-
praglottic constriction, aperiodicity, A/P TVF asymmetry, and
phase asymmetry. The raters demonstrated fair inter-rater relia-
bility for the presence of sustained FVF involvement and the
presence of R/L TVF asymmetry (Table 1).

Intrarater reliability

Findings calculated from the Spearman’s rank correlation co-
efficient indicated a moderate mean intrarater reliability for both
raters (rater 1 [R1]: r = 0.68, and rater 2 [R2]: r = 0.73, respec-
tively). Table 2 shows the intrarater reliability statistics for each
rater, comparing judgments across all 34 cases from two sepa-
rate rating intervals. The level of magnitude was interpreted based
on a scale with 0.2 being minimal agreement, 0.5 being mod-
erate agreement, and 0.8 being strong agreement.55 The raters
exhibited higher levels of agreement for supraglottic param-
eters (R1 mean r = 0.74 and R2 mean r = 0.73). Both raters
demonstrated a greater mean intrarater agreement for supraglot-
tic characteristics compared with TVF vibratory characteristics,
with the exception of TVF vibratory disruption.

Diagnosis reliability

Findings from the comparison of diagnostic ratings between the
two laryngologists indicated good inter-rater agreement (r = 0.68)
for clinical diagnosis. Descriptive statistics indicated 61% exact
agreement in the diagnosis of the 34 cases between the three di-
agnostic categories: EVT, AdSD, and AdSD with vocal tremor.
Although the laryngologists only outright differed on 6% of the
cases between AdSD or EVT, 33% of cases revealed a discrepancy

in determining a concomitant diagnosis. The laryngologist who
determined the initial diagnosis met fair agreement (r = 0.40)
for intrarater reliability. Descriptive analysis found 44% exact
agreement against the earlier diagnosis made years previously.
The laryngologist changed to or from a diagnosis of AdSD with
vocal tremor 41% of the time.

Further analysis on cases where the two otolaryngologists
agreed on the diagnosis provided insight into whether a con-
sistent diagnosis produced any changes in reliability across the
parameters for the two raters. This resulted in 12 cases that met
the criteria (AdSD, n = 5; EVT, n = 7). The mean results of a
second analysis for inter-rater reliability using the Cohen’s kappa
and a quadratic weighted Cohen’s kappa, and intrarater relia-
bility via the Spearman’s rank are provided in Table 3. Both raters
demonstrated reduced agreement for TVF vibratory param-
eters with this narrowed number of cases.

Parameter differentiation

The consensus rating was obtained between the two raters fol-
lowing the reliability test to investigate the occurrence of the
parameters in the three diagnostic categories: EVT, AdSD, and
AdSD with vocal tremor. From this consensus rating, six out of
the nine initial parameters were selected to determine if these
six parameters distinguished between EVT and AdSD. Aryte-
noid tremor showed up in less than 10% of the cases for the HSV
videos and was therefore excluded. Likewise, two parameters,
constant FVF involvement and with R/L TVF asymmetry, were
also discarded. This was due to poor inter-rater reliability
(κ = 0.266) for R/L TVF asymmetry, and a high occurrence of

TABLE 1.

Inter-rater Reliability via the Cohen’s Kappa

R1 vs R2 (n = 34)

Supraglottic parameters
Arytenoid tremor Presence of arytenoid tremor 0.541

Location of arytenoid tremor 0.366*
Rhythmic supraglottic oscillation Presence of rhythmic supraglottic oscillation 0.686

Degree of rhythmic supraglottic oscillation 0.714*
Location of rhythmic supraglottic oscillation 0.689*

Supraglottic constriction Presence of supraglottic constriction 0.403
Degree of lateral supraglottic constriction 0.771*
Degree of A/P supraglottic constriction 0.657*

Constant supraglottic activity Presence of sustained FVF involvement 0.287
Degree of lateral FVF involvement 0.687*
Location of lateral FVF involvement 0.474*
Degree of A/P supraglottic activity 0.419*

TVF vibratory parameters
TVF vibratory disruption Presence of TVF vibratory disruption 0.541

Degree of TVF vibratory disruption 0.762*
Aperiodicity Presence of aperiodicity 0.454

Degree of aperiodicity 0.420*
R/L TVF asymmetry Presence of R/L TVF asymmetry 0.266

Location of R/L TVF asymmetry 0.226*
A/P TVF asymmetry Presence of A/P TVF asymmetry 0.457

Location of A/P TVF asymmetry 0.388*
Phase asymmetry Presence of phase asymmetry 0.481

* Weighted Cohen’s kappa, Cohen’s kappa correlation significant at a P level of <0.05 (two-tailed).
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constant FVF involvement (90%) regardless of diagnosis. Thus,
the presence or the absence of six parameters, rhythmic supra-
glottic oscillation, supraglottic constriction, TVF vibratory
disruption, aperiodicity, A/P TVF asymmetry, and phase asym-
metry, was examined for differentiation between the groups. Of
the combined 34 cases analyzed in the present study from the
consensus rating, none of the means for the selected param-
eters met the observed significance level (P < 0.05) (Table 4).

Analysis of cases where both otolaryngologists agreed on the
diagnosis (N:12) demonstrated the presence of rhythmic supra-
glottic oscillation (χ(1) = 5.182, P = .023) separated AdSD from
EVT (Table 5). None of the other parameters produced signif-
icant levels of differentiation between the two voice disorders.
A frequency distribution for rhythmic supraglottic oscillation com-
paring the full 34 cases against the reduced number (n = 12) can
be seen in Table 5. Removing cases with inconsistent diagnoses

TABLE 2.

Intrarater Reliability via the Spearman’s Rho

R1 R2

Supraglottic parameters
Arytenoid tremor Presence of arytenoid tremor 0.698 0.685

Location of arytenoid tremor 0.740 0.707
Rhythmic supraglottic oscillation Presence of rhythmic supraglottic oscillation 0.868 0.827

Degree of rhythmic supraglottic oscillation 0.773 0.873
Location of rhythmic supraglottic oscillation 0.814 0.816

Supraglottic constriction Presence of supraglottic constriction 0.633 0.597
Degree of lateral supraglottic constriction 0.751 0.842
Degree of A/P supraglottic constriction 0.762 0.697

Constant supraglottic activity Presence of sustained FVF involvement 0.769 0.557
Degree of lateral FVF involvement 0.912 0.913
Location of lateral FVF involvement 0.480 0.407
Degree of A/P supraglottic activity 0.620 0.738

TVF vibratory parameters
TVF vibratory disruption Presence of TVF vibratory disruption 0.812 0.795

Degree of TVF vibratory disruption 0.823 0.850
Aperiodicity Presence of aperiodicity 0.296 0.647

Degree of aperiodicity 0.616 0.769
R/L TVF asymmetry Presence of R/L TVF asymmetry 0.581 0.757

Location of R/L TVF asymmetry 0.581 0.711
A/P TVF asymmetry Presence of A/P TVF asymmetry 0.626 0.742

Location of A/P TVF asymmetry 0.626 0.659
Phase asymmetry Presence of phase asymmetry 0.471 0.768

Note: Spearman’s correlation coefficient significant at a P level of <0.05 (two-tailed).

TABLE 3.

Comparison of Reliability With and Without Concomitant Cases

Inter-rater Reliability Intrarater Reliability

Parameters R1 vs R2 (n = 34) R1 vs R2 (n = 12)
R1

(n = 34)
R1

(n = 12)
R2

(n = 34)
R2

(n = 12)

Supraglottic mean 0.558 0.533 0.735 0.840 0.721 0.683
TVF vibratory mean 0.444 0.398 0.604 0.444 0.731 0.744
Total mean reliability 0.510 0.440 0.679 0.670 0.744 0.709

Note: Cohen’s kappa correlation significant at a P level of <0.05 (two-tailed).

TABLE 4.

Differentiation for Initial and Nonconcomitant Cases

Parameters
Initial Cases

(n = 34)
Nonconcomitant

Cases (n = 12)

Rhythmic supraglottic
oscillation

4.415 5.182*

Supraglottic
constriction

0.900 0.343

TVF vibratory
disruption

1.054 2.743

Aperiodicity 0.895 0.069
Phase asymmetry 4.200 1.029
A/P asymmetry 3.745 1.656

Note: Calculated with a Pearson chi-square analysis.
* Correlation significant at a P level of <0.05 (two-tailed).
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showed the presence of rhythmic supraglottic oscillation in six
out of the seven (85.7%) subjects diagnosed with EVT. A single
case of AdSD remained attributed to rhythmic supraglottic os-
cillation in the consensus rating.

DISCUSSION

The first objective of the present study examined rater reliabil-
ity in the judgment of laryngeal supraglottic and TVF parameters
using HSV. The results indicated stronger inter-rater and intrarater
agreement identifying supraglottic characteristics. Subtle, in-
termittent TVF vibratory patterns proved more difficult to detect
given the aperiodic fluctuations seen across glottal cycles. Al-
though reliability did generally improve for supraglottic
parameters when concomitant cases were removed from anal-
ysis, both raters’ reliability decreased in detecting the vocal fold
vibratory features investigated in the present study. The second
objective, through a consensus rating, examined whether any of
the parameters differentiated between EVT, AdSD, and cases of
AdSD with EVT when the data were collected with HSV. Su-
praglottic parameters that were reported in the literature to identify
AdSD, such as supraglottic constriction and sustained FVF in-
volvement, however, failed to show any predominance across
diagnoses. The results suggest that these features were present
in both EVT and AdSD in the current study and did not differ-
entiate these diagnostic groups.

Inter-rater reliability

Although the raters met an adequate, moderate inter-rater
reliability54 across 76% of their judgments, divergent patterns
in agreement emerged for the 21 parameters. The current find-
ings support the initial hypothesis, with the raters reaching the
highest level of agreement with supraglottic parameters com-
pared with those focused on vocal fold vibratory movement. The
exception to this was TVF vibratory disruption, which met sub-
stantial agreement similar to observed levels for other supraglottic
parameters. Specifically, the raters demonstrated the highest agree-
ment for parameters that either had more definitive movement
patterns across glottal cycles (arytenoid tremor and rhythmic su-
praglottic oscillation) or could readily be confirmed by pausing
the video via a frame-by-frame review (TVF vibratory disrup-
tion). Lowell et al37 found a similar moderate-to-substantial
inter-rater reliability (mean correlations ranging from r = 0.480–
0.759 post training) for visual-perceptual judgments of tremor
in pharyngeal and laryngeal structures using a tremor rating scale.

Inconsistent or mild presenting parameters proved more dif-
ficult to judge perceptually in HSV data. Given the nature of
these voice disorders, this finding may reflect in the lower re-
liability for TVF vibratory parameters. The four of the five TVF
vibratory characteristics, as well as supraglottic constriction,
exhibited poorer reliability in the judgment of their presence
and absence in the HSV data. Concerning supraglottic constric-
tion, other laryngeal movements may have impacted the raters’
judgments. The presence of intermittent, inconsistent constric-
tion of the FVFs at times mimicked lateral supraglottic
constriction. Raters noted this unusual constriction to be found
in a small number of cases across all three diagnoses with no
discernible pattern. The importance of inconsistent and tran-
sient TVF vibratory characteristics during sustained phonation
for differential diagnosis may be better highlighted in future
studies with the quantification of HSV data, which is the strength
of this laryngeal imaging tool. Objective quantification may iden-
tify transient patterns across glottal cycles with greater accuracy
and consistency than human perception.

Overall, the raters showed fair-to-moderate inter-rater agree-
ment judging the presence or the absence of TVF vibratory
parameters (κ = 0.266–0.481). Rosen27 found similar low-to-
adequate inter-rater reliability evaluating TVF symmetry
(intraclass correlation coefficient [ICC] = 0.54) and TVF peri-
odicity (ICC = 0.37–0.46) for normal and disordered voices.
Using simulated stroboscopy derived from HSV, Powell et al45

reported low agreement for left-right phase asymmetry
(ICC = 0.35). In contrast, Bonilha et al56 found higher agree-
ment for left-right phase asymmetry (ranging between r = 0.75
and 1.00 within one scalar level) when judging normal voices.
However, unlike the current study, the authors did not report
an exact agreement or examine dysphonic speakers. Differ-
ences in methodology for analyzing agreement, such as examining
differences at the scalar level rather than exact agreement,
likely elevated the inter-rater agreement compared with the
current study.

Both the study design and what is being measured can affect
the strength of rater agreement analysis. In the current study, the
raters evaluated supraglottic and TVF vibratory features with ape-
riodic, dysphonic voices. Several studies using videostroboscopy
found higher reliability distinguishing normal controls from voice
disorders32 or examining parameters for normal voices.56 However,
even in cases where raters determine a diagnosis using
videoendoscopy and HSV rather than identify individual

TABLE 5.

Chi-square Frequency Distribution for the Presence of Rhythmic Supraglottic Oscillation

Parameters

Rhythmic Supraglottic
Oscillation (n = 34)

Rhythmic Supraglottic
Oscillation (n = 12)*

Absent (%) Present (%) Absent (%) Present (%)

EVT (1) 12.5 (7) 87.5 (1) 14.3 (6) 85.7
AdSD (8) 50.0 (8) 50.0 (4) 80.0 (1) 20.0
AdSD with tremor (2) 20.0 (8) 80.0 — —

Note: Calculated with a Pearson chi-square analysis.
* Observed significance level at P < 0.05 (two-tailed).
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parameters, previous studies still show mixed-to-poor reliabil-
ity for dynamic rater judgments.29,45

Despite the use of visual anchors during training and the pro-
vision of textual anchors during the ratings, some differences
in parameter definitions and judgments of severity persisted
between the raters. Although most dichotomous parameters met
moderate inter-rater reliability, the presence of sustained FVF
involvement and the presence of R/L TVF asymmetry both
showed poor agreement for the present study. However, the raters
demonstrated greater internal agreement for both sustained FVF
involvement (r = 0.759 [R1] and r = 0.557 [R2]) and R/L TVF
asymmetry (r = 0.581 [R1] and r = 0.757 [R2]) compared with
between-rater agreement (sustained FVF involvement κ = 0.287,
R/L TVF asymmetry κ = 0.266). Discussion during the consen-
sus rating that followed the initial reliability judgments revealed
divergent internal reference points for the magnitude of sever-
ity, particularly for the mildest presentations of parameters.
Poburka et al41 found greater reliability judging stroboscopy and
HSV in their recent validation of the Voice-Vibratory Assess-
ment With Laryngeal Imaging (VALI) form.41 Incorporating visual
anchors into the rating form itself may increase inter-rater re-
liability for TVF parameters across examinations. However,
variation in vibratory patterns between glottic cycles in phona-
tion segment in HSV data might prove to be difficult to summarize
in cases like AdSD and EVT.

Intrarater reliability

Similar to the findings for inter-rater reliability, raters showed
greater internal consistency judging parameters that displayed
consistent supraglottic movements across glottal cycles. Al-
though neither rater met strong (≥0.80) agreement, R1 and R2
demonstrated moderate reliability for supraglottic parameters (R1:
mean r = 0.74, R2: mean r = 0.73). Differences in experience
level and clinical practice suggest that expert raters may be able
to better account for TVF characteristics that appear inconsis-
tently across phonation. R2 (expert) exhibited similar mean
reliability between supraglottic (r = 0.73) and TVF (r = 0.72) pa-
rameters. R1 (intermediate) showed more variability rating TVF
vibratory parameters (r = 0.54) compared with supraglottic pa-
rameters (r = 0.74). Bonilha et al56 found similar differences in
ability based on experience level and clinical practice for la-
ryngeal evaluations. Whereas raters who conducted frequent
evaluations showed no difference in their ratings for still (ky-
mography) and dynamic evaluations (HSV), raters who conducted
fewer laryngeal evaluations in their daily work noted the pres-
ence of TVF asymmetries more often using still imaging
techniques over dynamic ones.56 Thus, the frequency of clini-
cal practice with laryngeal imaging may impact the rater’s ability
to detect subtle TVF characteristics.

Examining the findings, both raters demonstrated higher mean
internal consistency compared with mean inter-rater reliability
across parameters. Previous studies report similar gaps within
and between groups for perceptual judgments of laryngeal
evaluations.27,37 The differences seen in the current study, in part
caused by diverging internal reference points and rater experi-
ence, share commonalities with reliability challenges seen for
auditory-perceptual evaluations of voice.37,57,58 Although training,

the use of external anchor points, and the study methodology
can help close these perceptual gaps for individual raters,58 in-
creasing inter-rater reliability can be a challenge. Although training
and visual anchors promoted internal consistency for rating tremor
location and severity, Lowell et al37 found no significant benefit
for inter-rater reliability. How well these gaps may be bridged
between raters must be further explored for dynamic, visual-
perceptual judgments.

Reliability for cases with an agreed diagnosis

Contrary to the second hypothesis, the inter-rater reliability of
TVF parameters did not improve when concomitant cases were
removed. Although it was thought that removing cases of AdSD
with vocal tremor might improve the inter-rater reliability, fo-
cusing on cases with a diagnosis of only EVT or AdSD did not
improve the agreement between the two raters when examin-
ing vocal fold characteristics. This finding may be due to
differences in experience or internal reference points between
the raters that were consistent across all diagnostic cases. The
reduction in the number of cases may have also affected the out-
comes reported. Despite all the efforts to improve reliability and
careful choice of parameters based on the literature review on
their presence/absence in AdSD and EVT, this study’s results
mostly demonstrated that subjective perceptual evaluations of
the dynamic supraglottic and vocal fold vibratory parameters in
HSV data lacked a strong agreement between raters.

Examining the selected cases using audio recordings and
videostroboscopy, the two otolaryngologists reached moderate
inter-rater agreement (r = 0.68) through a combination of au-
ditory and visual ratings. The intrarater reliability of
otolaryngologist who made the original diagnosis is compara-
ble with the existing literature for differential diagnosis.
Preliminary unpublished findings by Ludlow51 reported a mean
poor reliability for auditory-perception (r = 0.30) similar to the
poor auditory rater agreement (κ = 0.20–0.33) seen by Johnson
et al20 when making a differential diagnosis, and moderate re-
liability (r = 0.50) for nasoendoscopy discriminating between
AdSD and EVT. The otolaryngologists differed the most between
their judgments of a concomitant diagnosis. Such variance re-
flects the inherent challenges in standardizing assessment between
raters given varying definitions, internal reference points, and
clinical experience from person to person and from clinic to clinic.

Parameter differentiation

Against the expected hypothesis, none of the main parameters
identified in the present study differentiated between the three
diagnoses. Even the presence of rhythmic supraglottic oscilla-
tion did not discriminate between cases of EVT from cases of
AdSD or AdSD with vocal tremor. Further analysis found a sig-
nificant difference between cases of EVT and AdSD only when
excluding cases that failed to reach a consistent agreement in
diagnosis.

Examining the frequency distribution of rhythmic supraglot-
tic oscillation in the reduced subjects (n = 12) showed that the
consensus rating indicated tremor to be present in 85% of cases
diagnosed with EVT (six of the seven). In the case that pre-
sented no rhythmic supraglottic oscillation in the video segment,
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the source of the tremor may have been located outside of the
larynx. Although the distribution of tremor most commonly affects
laryngeal structures in individuals with EVT, tremor may also
occur (40%) in velopharyngeal, pulmonary, and oral structures.48

Although evident in an auditory recording, such oscillations would
not be detected visually with a 70° rigid laryngoscope, given the
restricted viewpoint to the larynx and the vocal folds. Review-
ing the mild, single case of AdSD where the raters determined
rhythmic supraglottic oscillation to be present, the video dis-
played a mild rocking of the larynx that mimicked the tremulous
movements associated with rhythmic oscillation. None of the
other parameters proved to separate the reduced cases.

Future objective studies with HSV quantifying amplitude and
frequency modulation activity at the TVF level and rhythmic su-
praglottic activity may aid our understanding of tremor types and
variation for when it co-occurs with AdSD. Patel et al8 visual-
ly identified the number of oscillatory breaks, motion irregularities,
and micromotions using the extracted HSV motion waveforms
and the glottal cycle montage in AdSD and muscle tension dys-
phonia. They reported that the motion irregularity (defined as
“segments consisting of nonrepetitive vibratory cycles in the ex-
tracted vocal fold area waveform” was the only significant
predictor of AdSD. Given the variability of parameters across
glottal cycles, using static image analysis of laryngeal HSV with
kymography may reveal distinctions that perceptual evalua-
tions of dynamic movement alone cannot; however, this method
may not allow the investigation of vibratory patterns along the
full length of vocal folds. Furthermore, given the subtleties and
variations in the presentation of these disorders, objective quan-
tification of laryngeal parameters may allow for a more precise
identification, offering consistency toward the discovery of the
most pertinent parameters.

Given that none of the hypothesized parameters differenti-
ated between the diagnoses, further study is warranted to
determine if these results hold true with larger sample sizes. How
well we can truly separate these factors given the variability, con-
comitance, and accuracy of diagnoses for EVT and AdSD should
also be investigated in future studies.

Limitations

The inconsistency in presentation of certain parameters across
glottal cycles within the same phonation segment may have
reduced rater agreement. Because of the aperiodic fluctuations
of the TVFs and the variation in supraglottic movements from
cycle to cycle for these voice disorders, 1- to 2-second sec-
tions were selected. Raters may have been more likely to miss
the presentation of intermittent vibratory and supraglottic fea-
tures. The results of the present study suggest that perceptual
judgments using dynamic laryngeal HSV in cases of aperiodic
voice disorders may not adequately capture the fluctuating vi-
bratory patterns that can vary across glottal cycles. Using static
composite analysis of glottal cycles might promote higher inter-
rater reliability for subjective judgments,8,26 or future studies

employing objective quantification of the vibratory patterns are
needed.

The development of quantitative and objective image pro-
cessing tools for HSV imaging techniques may have better clinical
applications to aid in the differential diagnosis of these voice
disorders. There is a long history examining the image segmen-
tation of the glottal area waveform to examine vocal fold
kinematics.59 Given the variability of parameter presentation, the
effects of training, and potential perceptual limitations with
dynamic video, objective measures may offer more reliable out-
comes for vocal fold vibratory characteristics.

The use of a textual rating form alone without the use of visual
anchors in the rating form itself or used in parallel during the
ratings may have also impacted reliability. Providing a visual
anchor for each parameter built into the rating form and not just
provided during training may promote increased reliability for
future studies.41

The current limitations of HSV using a rigid endoscope re-
strict both the image recorded during data collection and the voice
sample to a sustained vowel /i/. Other characteristics not cap-
tured within the analysis frame may still impact these voice
disorders and contribute to a potential diagnosis. Similarly, al-
though current collection methods allow for adequate perception
of vocal tremor, sustained phonation may not be best suited for
eliciting the characteristics of AdSD. Vocal tremor is most clearly
perceived during sustained phonation compared with con-
nected speech.60 Research also shows that listeners perceive more
voice modulation with vocal tremor audio samples with the vocal
tract shape for /i/ vs /a/.52 However, previous studies indicate the
clearest perception of AdSD on voiced consonant sentences.61

Although the raters observed an intermittent hyperadduction of
the supraglottic laryngeal structures characteristic of AdSD in
the video segments for this current study, the use of a sus-
tained vowel may not allow for the best differentiation of
movement patterns from EVT, especially in milder cases.

Clinical implications

HSV allows visualization of the individual glottal cycles for EVT
and AdSD where stroboscopy cannot. However, subjective per-
ceptual judgments alone without the use of visual anchors during
ratings may not provide a reliable parameter identification between
raters. Rater experience, concomitant characteristics, and the in-
termittent presentations of parameters for aperiodic voice disorders
create challenges in consistent ratings for dynamic video ex-
aminations. Thus, HSV is a viable examination tool for aperiodic
and severe voices but ought to be employed in conjunction with
other assessments used in clinical practice, including auditory
and acoustic measures, the patient’s physical presentation, and
relevant medical history. Continued focus on standard method-
ologies to close these gaps in disagreement between raters is
required. To increase precision, analysis of HSV data with ob-
jective quantification measures may provide researchers and
clinicians with new insights for differentiation.
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APPENDIX. PARAMETER DEFINITIONS

Supraglottic Parameters

Arytenoid tremor Absent = no arytenoid tremor present
Present = consistent “wobbly” rhythmic motion of arytenoid structures during

phonation
Location of arytenoid tremor 0 = No tremor

1 = Lateral rhythmic arytenoid cartilage motion, pulling apart and coming back
toward each other along the horizontal axis

2 = Anterior rhythmic arytenoid cartilage motion, which looks like the arytenoids are
bobbing along a vertical axis

3 = Consistent, rhythmic movement of the arytenoids along both axis
Rhythmic supraglottic oscillation Absent = no rhythmic oscillation during phonation

Present = the presence of rhythmic compression of the supraglottic structures
during a period of phonation in the middle of the glottal cycle

Degree of rhythmic supraglottic
oscillation

0 = No rhythmic oscillation
1 = Consistent presence of lateral or anterior-posterior rhythmic compression of the

supraglottic structures during phonation in the middle of the glottal cycle
2 = Occasional lateral or anterior-posterior rhythmic compression of the supraglottic

structures during a period of phonation in the middle of the glottal cycle
Location of rhythmic
supraglottic oscillation

0 = No rhythmic oscillation
1 = Lateral movement (along the horizontal axis)
2 = Anterior-posterior movement (along the vertical axis)
3 = Both movements combined

TVF vibratory disruption Absent = Continuous TVF vibration during phonation
Present = Disruption of the TVF vibratory movement during the glottal cycle viewed

via slowed down playback
Degree of TVF vibratory
disruption

0 = Continuous TVF vibration
1 = Disruption of the TVF vibratory pattern without complete cessation during the

glottal cycle, limited movement
2 = Brief cessation of the TVFs with no vibratory movement during the glottal cycle

of less than five frames
3 = Prolonged cessation of the TVFs with no vibratory movement during the glottal

cycle of less than five frames
Supraglottic constriction Absent = no supraglottic constriction during voice initiation

Present = supraglottic constriction during the onset of vibratory motion of the TVFs
following respiration; glottal attack

Degree of lateral supraglottic
constriction

0 = No supraglottic constriction during voice initiation
1 = Compression of the FVFs and supraglottic structures covering one-third of the

TVF width
2 = Compression of the FVFs and supraglottic structures covering two-thirds of the

TVF width
3 = Complete covering of the TVFs via compression of the FVFs and supraglottic

structures
Degree of anterior-posterior
supraglottic constriction

0 = No supraglottic constriction during voice initiation
1 = Compression of the supraglottic structures covering one-third of the TVF length
2 = Compression of the supraglottic structures covering two-thirds of the TVF length
3 = Complete covering of the TVFs via compression of supraglottic structures

Sustained FVF involvement Absent = no sustained FVF involvement during phonation
Present = sustained involvement of the FVFs during phonation. The FVFs are seen to

be pressing in and covering over part or all of the TVFs and remain in such a
position.

Degree of sustained FVF
involvement

0 = No FVF involvement
1 = FVF compression covering one-third of the width of the TVFs
2 = FVF compression covering two-thirds of the width of the TVFs
3 = Complete involvement of the FVFs covering over the whole of the TVFs

(Continued)
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Supraglottic Parameters

Location of lateral sustained
FVF involvement

0 = No FVF involvement
1 = Greater right FVF involvement
2 = Greater left FVF involvement
3 = Equal right and left FVF involvement

Degree of anterior-posterior
sustained FVF involvement

0 = No supraglottic activity during sustained phonation
1 = Compression of the supraglottic structures covering one-third of the TVF length
2 = Compression of the supraglottic structures covering two-thirds of the TVF length
3 = Complete covering of the TVFs via compression of supraglottic structures

TVF parameters
Aperiodicity Absent = The TVFs come together with regular precision and consistent duration for

the glottal cycles, approximately >80% regular
Present = the TVFs do not come together with regular precision or any consistency

during glottal cycles, approximately <20% regularity.
R/L TVF asymmetry Absent = Both the left and the right TVFs come together with the same pattern, in

sync, during the glottal cycle.
Present = horizontal asymmetry between the right and the left TVFs coming together

in uneven patterns during the glottal cycle
Location of R/L TVF asymmetry 0 = Symmetric motion between R and L TVFs

1 = Right TVF asymmetry
2 = Left TVF asymmetry
3 = Asymmetry is presented for both R and L TVFs.

A/P TVF asymmetry Absent = Both the anterior and posterior portions of each TVF come together with
the same pattern top and bottom, in sync together during the glottal cycle.

Present = vertical asymmetry along a single vocal fold, where the anterior and
posterior portions of each TVF are out of sync during the glottal cycle

Location of A/P TVF asymmetry 0 = Symmetric motion along the same fold
1 = Right TVF asymmetry
2 = Left TVF asymmetry
3 = Asymmetry is presented for both R and L TVFs along the same fold.

Phase asymmetry Absent = The TVFs consistently come together and meet at the midline of the glottis.
Present = The TVFs come together past the midline; one vocal fold overlapping onto

the other during the glottal cycle.
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