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ABSTRACT
Objective: Creak is an acoustic feature that serves an umbrella term for irregularities in fundamental frequency. This study 
evaluated whether automated creak distinguished speakers with adductor laryngeal dystonia (AdLD), primary muscle tension 
dysphonia (pMTD), and those without voice disorders during conversational speech.
Methods: Two stimulus types (reading passage and conversational speech) were produced by 50 speakers with AdLD, 50 speak-
ers with pMTD, and 50 control speakers. An automated creak detector was used to calculate the percentage (%) of creak in both 
stimuli. The effects of group, stimulus type, and their interaction on % creak were assessed. Receiver operating characteristic 
curve analyses were conducted and the area under the curve (AUC) was used to evaluate the effectiveness of the creak detector 
in distinguishing among groups.
Results: We found a statistically significant effect of group on % creak, but no effect of stimulus type on % creak, suggesting 
that creak distinguished speakers with AdLD, pMTD, and controls during both a reading passage and conversational speech. 
AUC values indicated acceptable discriminative ability in distinguishing AdLD speakers from both pMTD speakers and controls 
across both stimuli types.
Conclusion: Automated creak demonstrates promise as a discriminative feature for identifying differences between speakers 
with AdLD from pMTD and controls in both a reading passage and conversational speech.
Level of Evidence: 3.

1   |   Introduction

Laryngeal dystonia (LD) is a focal dystonia with neurological 
origins [1]. Adductor laryngeal dystonia (AdLD), or spasmodic 

dysphonia, is the most common subtype, characterized by invol-
untary spasms of the adductor laryngeal muscles [2, 3]. These 
spasms cause phonatory breaks, pitch shifts, irregular funda-
mental frequency ( fo), as measured by spectral noise, low fo, 
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aperiodicity [4–7], and creak [8]. Creak, an acoustic umbrella 
term for types of irregularities in fo, can be characterized as low 
or irregular fo, a constricted glottis with low glottal airflow indi-
cated by lower values of H1–H2, damped glottal pulses, and/or 
the presence of subharmonics [9]. Over half of individuals with 
AdLD may experience co-occurring vocal tremor [10, 11]. AdLD 
symptoms hinder communication [12–14], voice-related quality 
of life [15–17], and work productivity [18–20].

Symptom severity in AdLD depends on task: connected speech 
is often more affected than sustained vowels [21]. Symptom se-
verity is also greater during voiced-loaded speech than voiceless-
loaded speech [22–25] and syntactically complex speech relative 
to syntactically simple speech [23]. AdLD symptoms can resem-
ble primary muscle tension dysphonia (pMTD) [25–27], but dif-
fer by being task-specific, typically occurring in voiced-loaded 
tasks, whereas pMTD symptoms persist across tasks [21, 24, 27]. 
Despite these differences, differential diagnosis of AdLD remains 
challenging [28]. There is no single diagnostic test, and the task-
specific nature of AdLD is often considered only when AdLD is 
already suspected [24, 29]. Differentiation of the two disorders is 
essential, as they respond differently to treatment options.

Creak is a common acoustic feature in speech [8]. Variations 
include prototypical creak (particularly at phrase boundaries) 
vocal fry, breathy creak, diplophonia, and extreme aperiodicity 
[9]. One study found that creak was significantly higher in AdLD 
compared to pMTD [30]. However, creak also occurs in typical 
speakers [31–34]. Creak is used to show expression and inflec-
tion or to indicate phrasal boundaries [35] and is more preva-
lent in informal contexts [36]. One small study found increased 
creak in conversational speech relative to a reading passage in 
controls [37]; whether this applies to AdLD remains unknown.

Marks et al. [30] found that creak distinguished AdLD from pMTD 
and from controls, using a standard reading passage in a small 
dataset (n = 16 per group). One advantage they noted in the study 
is that creak appeared agnostic to phonemic stimuli. However, it 
is unclear whether findings would generalize to conversational 
speech, in which creak may be more common in typical speakers. 
In everyday speech, speakers typically use a more relaxed, con-
versational speaking style that includes more prosodic variation 
compared to reading [38, 39]. Effective clinical tools should be gen-
eralizable across contexts, such as speaking tasks [39]. Thus, this 
study aimed to evaluate the discriminative ability of automated 
creak estimates in differentiating among speakers with AdLD, 
speakers with pMTD, and speakers with typical voices during con-
versational speech compared to reading. We sought to validate the 
discriminative performance of creak in a larger sample size and 
during an ecologically valid speech task. We hypothesized that 
automated creak would have weaker discriminative accuracy be-
tween groups in conversation compared to reading aloud.

2   |   Materials and Methods

2.1   |   Participants

Fifty individuals with AdLD, 50 individuals with pMTD, and 
50 individuals without voice disorders (controls) participated at 
one of the following sites: Boston University, the University of 

Washington, and the University of Texas Southwestern Medical 
Center. Participants provided written informed consent, per the 
Boston University Institutional Review Board (#2625).

Participants with AdLD and pMTD were included based on case 
history, comprehensive voice evaluation, and videostroboscopy 
by a board-certified otolaryngologist and a voice-specialized 
speech-language pathologist (SLP). Participants with AdLD were 
42 females and 8 males (M = 58.5 years, SD = 14.2 years) and in-
cluded individuals with co-occurring Meige syndrome (n = 1), 
foot dystonia (n = 1), tardive dyskinesia (n = 1), and Barrett's 
esophagus (n = 1). Otherwise, participants had no history of any 
other speech-related or neurological disorders. Ninety-four per-
cent of participants with AdLD (n = 47) were receiving botulinum 
toxin (Botox) injections. Recordings were conducted immedi-
ately prior to each participant's next scheduled Botox injection; 
injection intervals ranged from 8 to 40 weeks (M = 15 weeks). 
Participants with pMTD and controls were matched to the AdLD 
group by sex and age within 2 years. Participants with pMTD 
were included based on a diagnosis of pMTD: hyperfunction in 
the absence of structural/phonotrauma or neurological condi-
tion. All control participants reported no history of voice, speech, 
hearing, or neurological disorders. All participants were speakers 
of American English. Full demographics are listed in Table 1.

Five blinded voice-specialized SLPs, with at least 6 years of ex-
perience working primarily with voice disorders (M = 9 years), 
completed the overall severity (OS) of dysphonia section of the 
Consensus Auditory-Perceptual Evaluation of Voice [40] using 
conversational speech samples and the Rainbow Passage [41]. 
Samples were rated on a visual analog scale ranging from 0 to 
100 mm, with textual anchors for mild at 10, moderate at 35, and 
severe at 72 mm; 20% of samples were repeated to assess intra-
rater reliability. OS of dysphonia, averaged across SLPs, ranged 
from 6.43 to 83.58 in AdLD, 4.94 to 58.31 in pMTD, and 0.81 to 
17.75 in control speakers. Intra- and inter-rater reliability were 
calculated using intraclass correlation coefficients (ICCs) [42]. 
Average intra-rater reliability ICC (A, 1) was 0.93 (SD = 0.06; 
range: 0.83–0.97). Inter-rater reliability ICC (A, k) was 0.89.

As part of the current study, participants with AdLD were also 
evaluated for vocal tremor using a combined sample of sustained 
vowel production, a voice-loaded sentence, and a voiceless-loaded 
sentence based on a validated screening tool for assessing LD sub-
types and the presence of co-occurring tremor [43]. Although the 
screening tool was originally developed for use via telephone, in 
this study, we used the same acoustic recordings that were ana-
lyzed for creak. For each sample, the blinded voice-specialized 
SLP rated vocal tremor as present or absent and marked whether 
they were certain. For the three participants for whom the primary 
SLP was uncertain, two additional blinded voice-specialized SLPs 
performed ratings and the majority opinion determined the final 
tremor distinction. Based on these ratings, 36% of participants with 
AdLD presented with co-occurring tremor, roughly consistent with 
the previously reported co-occurrence of tremor in AdLD [10, 11].

2.2   |   Procedure

Acoustic recordings were obtained using a headset microphone 
placed 45 degrees from the midline and 7 cm from the lips and 

 15314995, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/lary.70332 by D

aria D
ragicevic - B

oston U
niversity , W

iley O
nline L

ibrary on [22/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



3The Laryngoscope, 2025

digitized at 44.1 kHz. Among AdLD participants, 14% were re-
corded in a sound-treated room and 86% in a quiet room; of the 
pMTD participants, 26% were recorded in a sound-treated room 
and 74% in a quiet room; all controls were recorded in a sound-
treated room. There was no difference in % creak for any of the 
groups based on the recording environment. Two stimulus types 
were used: the first paragraph of the Rainbow Passage and con-
versational speech. Prompts were provided to elicit the conversa-
tional speech, including: “How did you get here today?; What did 
you do last weekend?” The first 20 s of each recording were ana-
lyzed to ensure equal data across participants and stimulus types.

The percentage (%) of creak was calculated via an automated 
open-source algorithm [44] implemented in a custom MATLAB 
script [30]. The algorithm was trained to detect at least three pat-
terns of creak: highly irregular temporal characteristics, fairly 
regular temporal characteristics with strong secondary exci-
tation peaks, and fairly regular temporal characteristics without 
strong secondary excitation peaks [44]. The % creak was calcu-
lated per speaker per stimulus type, defined as the total time 
creak occurs in the voiced segments divided by the total dura-
tion of the voiced segments.

2.3   |   Statistical Analysis

An analysis of covariance (ANCOVA) was performed to test 
the effects of group (AdLD, pMTD, controls), stimulus type 
(Rainbow Passage, conversational speech), and their interac-
tions on % creak. Tremor and OS were included as covariates 
to account for the presence of tremor in the AdLD group and 
the varying levels of OS across the groups. Effect sizes for 

significant effects were calculated as partial eta squared (ηp
2) 

with 95% confidence intervals (CI). Values were interpreted as 
small (0.01), medium (0.09), and large (0.25) [45]. Post hoc com-
parisons between groups were made using Tukey's tests of mul-
tiple comparisons. Effect sizes for significant differences were 
calculated using Cohen's d [46], with values interpreted as small 
(0.25), medium (0.55), or large (> 0.93) [47]. Statistical analyses 
were conducted using R [48–53] with a statistical significance 
set a priori to p < 0.05.

Receiver operating characteristic (ROC) curve analyses were com-
pleted using a custom MATLAB script [54] to assess the sensitiv-
ity and specificity of % creak in distinguishing between the three 
groups for each stimuli type. ROC curves plot sensitivity versus 
1—specificity at various thresholds. Sensitivity, or the true positive 
rate, is the proportion of actual positives correctly identified by the 
model, with higher values indicating better performance, whereas 
specificity is the proportion of actual negatives correctly identified 
(1—false positive rate), with higher specificity indicating better 
performance. A threshold was set to achieve 70% sensitivity, aim-
ing to find a point on the curve that optimally balanced the trade-
off between the true positive rate and false positive rate across all 
group and stimuli combinations [55, 56]. ROC curves also provide 
the area under the curve (AUC), a measure of diagnostic accuracy. 
An AUC of 1 represents perfect classification, 0.5 no discrimina-
tive ability, and 0 perfectly incorrect classification [57].

3   |   Results

The mean % creak and 95% CI are displayed in Figure  1 
for each stimuli type and group. The ANCOVA revealed a 

TABLE 1    |    Demographic characteristics and CAPE-V overall severity ratings for participants with adductor laryngeal dystonia (AdLD), muscle 
tension dysphonia (PMTD), and controls.

Group AdLD PMTD Control

Age, M (SD), years 58 (14) 56 (12) 59 (14)

Age range, years 25–80 24–76 24–79

Sex, n Female 42 42 42

Male 8 8 8

Race, n Asian 1 2 0

Black or African American 2 15 5

White 44 23 43

More than one race 1 2 1

Unknown/not reported 2 8 1

Ethnicity, n Hispanic or Latino 2 6 2

Not Hispanic or Latino 44 33 47

Not reported or prefer not to answer 4 11 1

Overall severity of dysphonia, M (SD) Rainbow Passage 40.6 (15.4) 16.2 (8.8) 8.0 (3.4)

Conversational speech 38.3 (18.1) 16.0 (9.9) 8.5 (3.6)

Note: The mean (M), standard deviation (SD), and age range are reported for each group. Sex, race, and ethnicity are presented as number of individuals per group (n). 
Mean (M) and standard deviation (SD) values are also provided for overall severity of dysphonia, as measured by the consensus auditory–perceptual evaluation of voice 
(CAPE-V), for each group and each stimulus type.
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statistically significant effect of group (p < 0.001) with a me-
dium effect size (ηp

2 = 0.17) and a small but significant effect 
of OS (p = 0.0187; ηp

2 = 0.02) yet no significant effect of stim-
uli, interaction, nor presence of tremor (see Table 2). Post hoc 
tests revealed statistically significant differences between the 
AdLD group and controls (p < 0.001; d = 1.02 with a 95% CI 
[0.73–1.32]), indicating a large effect size, and between the 
AdLD and pMTD groups (p < 0.001; d = 0.71 with a 95% CI 
[0.42–0.99]), indicating a medium effect size, but not between 
the pMTD group and controls (p = 0.76). Post hoc mediation 
analyses [58] were conducted to determine whether OS me-
diated the effect of group on % creak; OS was not found to 
be a mediator. Detailed results of the mediation analysis are 
presented in Data S1.

Results of the ROC curve analyses are shown in Figure  2—
Panel A for the Rainbow Passage and Panel B for conversational 
speech, with results detailed in Table 3. The AUC for % creak be-
tween AdLD and pMTD was 0.75 during conversational speech 
and 0.72 during the Rainbow Passage. The AUC for % creak 
between AdLD and controls was 0.77 during conversational 
speech and 0.75 during the Rainbow Passage. These results 
indicate acceptable discriminative ability [57]. The AUC for % 
creak between controls and pMTD was 0.49 during both con-
versational speech and the Rainbow Passage, indicating no dis-
criminative ability [57]. With the threshold set at 70% sensitivity, 
for distinguishing AdLD from pMTD, we found a specificity of 
72% for conversational speech and 66% for the Rainbow Passage. 
For distinguishing AdLD from controls, specificities were 68% 
for conversational speech and 66% for the Rainbow Passage.

4   |   Discussion

The purpose of this study was twofold: to validate the discrim-
ination of creak between speakers with AdLD, pMTD, and 
controls [30] in a larger sample size and to determine whether 
discrimination would remain during a conversational speaking 
task. Agathe and Claire [37] found increased creak in conversa-
tional speech compared to a reading passage in typical speak-
ers, so we theorized that creak measured from a conversational 
speaking stimulus would have less discriminative ability than 
creak measured from the Rainbow Passage. However, we did 
not observe a statistically significant effect of stimuli on % creak 
in our study. Unlike Agathe and Claire [37], which was based on 
a sample of six college-aged, French-speaking females, our study 
used a larger, more generalizable sample of 50 control speak-
ers, with both female and male speakers, spanning a broad age 
range. Moreover, the ability of automated creak to differentiate 
speakers with AdLD from pMTD and controls was the same re-
gardless of stimulus type. These findings validate that creak can 
be used across speech contexts (reading passage, conversational 
speech).

Consistent with Marks et al. [30], there was a statistically signif-
icant effect of group on % creak for both conversational speech 
and the Rainbow Passage. Findings revealed a statistically sig-
nificant difference in % creak between the AdLD group and con-
trols with a large effect size and between the AdLD and pMTD 
groups with a medium effect size. As illustrated in Figure  1, 
the AdLD group exhibited a higher mean % creak with more 
variable % creak values, as reflected by the larger 95% CI. In 

FIGURE 1    |    Mean percent (%) creak and 95% confidence intervals 
are plotted for each stimuli type (Rainbow Passage and conversation-
al speech) for each group (adductor laryngeal dystonia [AdLD], muscle 
tension dysphonia [PMTD], and controls). *Statistically significant dif-
ference at p < 0.05.

TABLE 2    |    Results of the analysis of covariance.

Measure Effect df F p ηp
2 [95% CI] Effect size

% Creak Group 2 29.232 < 0.001* 0.17 [0.09–0.24] Medium

Stimuli 1 0.537 0.464 NS —

Overall severity of dysphonia 1 5.572 0.019 0.02 [0–0.06] Small

Presence of tremor 1 1.636 0.202 NS —

Group × stimuli 2 0.006 0.994 NS —

Abbreviations: 95% CI = 95% confidence interval; — = not applicable for nonsignificant findings; % Creak = percentage of creak; NS = not significant.
*Significant at p < 0.05.
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contrast, the pMTD and control groups displayed lower mean 
% creak values, with their data points and 95% CI concentrated 
within a smaller range. This distribution suggests that % creak 
is more variable and higher in the AdLD group compared to the 
pMTD and control groups, confirming distinct creak patterns in 
the AdLD group.

Although there was a statistically significant difference in per-
cent creak between individuals with AdLD and the two other 
groups at the group level, discrimination performance for both 
stimuli types was poorer than in previous work [30]. Whereas 
Marks et al. [30] found outstanding discriminative ability of % 
creak in differentiating AdLD from pMTD and from controls 
(AUCs of 0.86 and 0.94, respectively), in this larger sample, we 
found acceptable diagnostic accuracy across both types of stim-
uli (AUCs of 0.75 and 0.72 for AdLD vs. pMTD and 0.77 and 

0.75 AdLD vs. controls) [57]. Lower AUC values in the present 
study compared to the previous may reflect differences in sam-
ple characteristics, such as larger sample size and differences in 
OS of dysphonia between the voice disorder groups. In the cur-
rent study, OS was found to be a small yet significant covariate. 
These results suggest that OS of dysphonia had a small influence 
on % creak and may have contributed to distinguishing AdLD 
from the other two groups. Roy et al. [59] found that creak was 
only weakly correlated to listener-based severity ratings, with 
significance only found for speakers with AdLD. Together, these 
findings suggest that the relationship between OS and creak 
may be specific to the AdLD group, though the overall associ-
ation remains weak. Future studies should include groups with 
higher OS that are perceptually matched, to determine whether 
observed differences can be attributed to factors beyond OS. The 
AUC values found in the present study had acceptable diagnostic 

FIGURE 2    |    Receiver–operator characteristic (ROC) curve plot illustrating the sensitivity and 1—specificity of percent (%) creak in differentiating 
speakers with adductor laryngeal dystonia (AdLD) from controls (green dotted lines), AdLD from muscle tension dysphonia (PMTD; red solid lines), 
and PMTD from controls (blue dashed lines). (A) ROC plot using the Rainbow Passage stimuli. (B) ROC plot using the conversational speech stimuli.

TABLE 3    |    Receiver operating characteristic curve results comparing individuals with adductor laryngeal dystonia (AdLD), muscle tension 
dysphonia (PMTD), and controls.

Group Stimuli type AdLD vs. PMTD PMTD vs. controls AdLD vs. controls

AUC Rainbow Passage 0.72 0.49 0.75

Conversational 0.75 0.49 0.77

Sensitivity Rainbow Passage 0.70 0.70 0.70

Conversational 0.70 0.70 0.70

Specificity Rainbow Passage 0.66 0.32 0.66

Conversational 0.72 0.26 0.68

Threshold for 70% 
sensitivity (%)

Rainbow Passage 8.24 — 8.29

Conversational 7.54 — 7.57

Abbreviations: % = percentage; — = not applicable due to AUC indicating no discriminative ability (< 0.5); AUC = area under the curve.
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accuracy [57]; however, some diagnostic uncertainty remains. 
Further research is needed to determine whether creak is suited 
as a screening or diagnostic tool before clinical application.

The discriminative accuracy of creak in the current study is 
consistent with previously reported acoustic metrics, such as the 
Cepstral Spectral Index of Dysphonia (CSID) and the long-term 
average spectrum (LTAS) in differentiating AdLD from pMTD 
[21, 51, 52]. However, unlike the other acoustic measures that 
require specific stimuli or complex calculations, creak does not 
rely upon task specificity; it can be automatically calculated from 
natural connected speech, either produced conversationally or 
read aloud, supporting its use in a more generalizable context. 
We used a 70% sensitivity threshold to prioritize sensitivity in 
identifying individuals with AdLD. At 70% sensitivity, % creak 
achieved specificity values of 66% for the Rainbow Passage and 
72% for conversational speech for differentiating speakers with 
AdLD from those with pMTD, indicating its ability to identify 
true negatives and maintain effective diagnostic power. In com-
parison, the CSID has a sensitivity of 67% and specificity of 64% 
[21] and the LTAS offers a sensitivity of 61% and specificity of 
68% (see Table 4) [60]. However, unlike metrics such as the CSID 
or LTAS which are dependent on voiced/voiceless contrasts or 
task-specific stimuli, creak demonstrated robust performance 
across mixed phonemes in connected speech, whether read or 
conversational, showing promise as a diagnostic tool in eco-
logically valid settings [39]. These findings suggest that creak 
is a versatile acoustic tool, supporting its utility in differentiat-
ing speakers with AdLD from those with pMTD across various 
speech contexts.

This study aimed to examine a large sample size of speakers 
with AdLD; however, there are inherent limitations associated 
with incorporating data from multiple study sites, including re-
cording environment and diagnostic criteria. Although we did 
not find any difference in % creak among groups based on the re-
cording environment, previous research has yielded mixed find-
ings on the effect of recording environments on various acoustic 
measures [61, 62] and should be evaluated prospectively in the 
future. In the present study, control speakers had a range of OS 
from 0.81 to 17.75, reflecting speakers with no dysphonia to mild 
levels of dysphonia. The inclusion of control speakers with mild 
levels of dysphonia may have contributed to the lack of a signif-
icant difference in % creak between speakers with pMTD and 

controls; controls. The study did not account for signs of bowing 
other than the multidisciplinary diagnosis of pMTD.

In the current study, participants with AdLD were diagnosed by 
board-certified otolaryngologists across the United States based 
on Ludlow's consensus criteria, including task-specificity [24]. 
However, an inherent limitation is the lack of agreement among 
laryngologists, SLPs, and neurologists across the United States 
[24]. Further, the vocal tremor screening tool [43] used here was 
originally designed for telephone diagnosis, but in the present 
study, expert listeners applied it to the same acoustic recordings an-
alyzed in this study. The screening tool is not a definitive diagnos-
tic tool and it is possible that some speakers with a co-occurrence 
of tremor may have gone undetected. Thus, it is possible that di-
agnostic heterogeneity may have confounded our results. It is also 
possible that ongoing effects of Botox contributed to laryngeal 
and/or oscillatory function in the speakers with AdLD who had 
previously received Botox. Further investigation is warranted re-
garding the discriminative validity of creak between Botox-naïve 
speakers with AdLD and speakers with pMTD. Finally, phonemic 
context of conversational speech was not controlled, which may 
influence symptom expression. Further research on the effects of 
phonemic context in creak is warranted.

5   |   Conclusion

Automated creak estimates differentiated speakers with AdLD 
from pMTD and controls with similar performance across con-
versational and read speaking tasks. These results support dis-
criminative and ecological validity for creak as a discriminative 
measure for AdLD.
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