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Prediction of Aspiration by Perceptual Evaluation of  
Pre-swallow Wet Voice and Wet Expiratory Sounds in  

Adults Diagnosed with Head and Neck Cancer

Michiyo YAMAKAWA＊1）, Kaoru YOKOYAMA1）, Yoshiko TAKEI1）,  
Kazuyoshi KAWABATA2）, Koji TAKAHASHI1） and Michael E. GROHER3）

Abstract : This study investigated the relationships between the perceptual evalu-
ation of “wetness” of both pre-swallow voice and expiratory sound and video 
�uoroscopic swallowing study （VFSS） �ndings.  Pre-swallow phonation of the vowel 
“a” and expiratory sounds were recorded immediately before VFSS in 51 patients 
with head and neck cancer.  During VFSS, subjects were requested to swallow 3 
ml of a jelly-like, radiopaque test food.  A total of 61 samples of “a” phonations 
and expiratory sounds were investigated in this study.  These sound samples were 
randomized and presented to 12 examiners with various years of experience in dys-
phagia management.  The examiners perceptually evaluated the wetness of sound 
samples using a 5-point “wetness” grade.  VFSS findings were evaluated using the 
8-point penetration aspiration （PA） scale.  The relationships between the wet-
ness of sound samples and VFSS findings were analyzed.  Penetration / aspiration 
without materials ejected out of the airway can be predicted by the wetness of 
sound samples.  In this study, both the pre-swallow wet voice and wet expiratory 
sounds were suitable for predicting penetration / aspiration after swallowing.  High 
inter-rater and intra-rater reliabilities were verified in the high- and low-experience 
examiners, with no signi�cant difference evident between these groups.  These �nd-
ings suggest that clinicians could predict penetration / aspiration in head and neck 
cancer patients by perceptually evaluating the wetness of pre-swallow voice and 
expiratory sounds regardless of clinical experience.

Key words : pre-swallow wet voice, pre-swallow wet expiratory sound, video fluo-
roscopic swallowing study, dysphagia prediction, 8-point penetration-
aspiration scale

Introduction

　The video fluoroscopic swallowing study （VFSS） is widely used in the field of dysphagia 
management1）, although the patient’s exposure to radiation could be of concern.  In addition, 
invasive techniques such as VFSS are not suitable for patients who have their swallowing status 
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reviewed on a daily basis, including some head and neck cancer patients during the early post-
operative stage, and acute and subacute stroke patients, because these patients often have 
unstable medical conditions and their dysphagic symptoms can change rapidly 2）.
　On the other hand, cervical auscultation （CA） is a noninvasive technique that can be used 
daily to evaluate oropharyngeal dysphagia by listening to swallow and respiratory sounds using a 
stethoscope placed on the patient’s neck 3）.  Borr et al 4） indicated that CA has 70％ specificity 
and 94％ sensitivity in detecting signs of dysphagia, while our previous study 5） and work by 
Sarraf Shirazi et al 6） also verified that the frequency characteristics of respiratory sounds after 
swallow detected from the neck provide an important clue in detecting oropharyngeal dysphagia.  
Gurgling or liquid vibrating expiratory sounds are consistent with the presence of material on /
above the vocal folds or in the pharyngeal cavities, and vocal quality in this circumstance is 
often described as “wet”7, 8）.  Murugappan et al 9） found that phonation with liquid material on 
the vocal folds shows irregular and aperiodic characteristics, using ex vivo porcine larynges as 
a model, while Ryu et al 10） reported a significant change in the vocal quality of patients with 
penetration or aspiration after swallowing.
　A pre-swallow wet voice and gurgling or liquid vibration sounds might be caused by 
aspiration or penetration and / or pharyngeal residue of saliva or nasal secretions.  Thus, several 
investigations have been done concerning the predictability of penetration or aspiration using 
acoustical or auditory voice evaluation of such sounds 11-14）.  Aspiration / penetration with 
materials ejected out of the airway could be judged as a safe swallow, whereas aspiration /
penetration of materials not ejected out of the airway is unsafe.  In addition, the wet voice 
and wet respiratory sound （gurgling or liquid vibration sound） have rarely been studied 
simultaneously.
　The aim of this study was to investigate the relationships between VFSS findings and 
perceptual evaluation of the “wetness” of pre-swallow voice and expiratory sounds.  In addition, 
variability in such perceptual evaluations with clinical experience was investigated.  Inter- and 
intra-rater reliability of listeners’ perception of vocal quality were also calculated.  Effective 
perceptual evaluation of pre-swallow voice ‘wetness’ and expiratory sounds in detecting dysphagic 
conditions could be valuable in predicting such an outcome in patients without auscultation by 
stethoscope.

Subjects and methods

Subjects

　The study comprised 51 head and neck cancer patients （38 males and 13 females : mean 
age, 64.9±12.8 years） with suspected dysphagia who received VFSS from May to September 
2013.  Table 1 details the patients’ age, gender, and tumor site.  Thirty-four patients were treated 
with surgery alone, five patients were treated with chemotherapy, radiotherapy, and surgery, 
five patients were treated with chemotherapy and radiotherapy, four patients were treated with 
radiotherapy and surgery, and three patients were treated with radiotherapy alone.
　Of 61 sound samples in total （detected from 51 patients）, 38 sound samples were detected 
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from 30 patients receiving tube feeding at the time of the VFSS （range tube-feeding days, 
11-606）.  Patients wearing a speaking valve after tracheotomy （n＝ 23） were included.  Patients 
who could not follow auditory commands or could not phonate either with tracheal occlusion or 
non-occlusion were excluded.  Based on these criteria, 3 post-tracheotomy patients were excluded, 
leaving 51 subjects for this investigation.
　The study was approved by the ethics committee of the Showa University School of Dentistry 
（acceptance number : 2012-014） and the Cancer Institute Hospital （2013-1075）.  All subjects 
provided written informed consent.

Recording methods of voice and expiratory sounds

　A microphone （COS-11D HWM, Sanken Microphone, Tokyo, Japan） was placed 3 cm laterally 
from the angle of the mouth without contacting the face.  Patients then were asked to phonate 
the vowel “a” three times, and to exhale voluntarily three times for approximately 1.5 sec per 
each expiration attempt.  The reason why the vowel “a” was chosen as the targeted vowel 
in this study is that “a” is the easiest vowel to pronounce, even for post-surgical oral-maxilla-
pharyngeal cancer patients.
　The detected vowel and voluntary expiration sounds were amplified, digitally converted with 
a 48 kHz sampling rate, and recorded to DVCAM tape （PDVM-41N, SONY） through a digital 
HD videotape recorder （GV-HD700, SONY）.
　During detection of vowel and expiration sounds, the tracheostomy speaking-valve opens and 
closes by respiration and extraneous sounds might be produced as crackles.  To avoid these 
extraneous sounds the speaking valve was covered briefly with surgical tape without any adverse 
effects on subjects.
　A total of 61 samples of phonatory and expiratory sounds were fed to a personal computer 

Table 1.  Patient pro�le

Gender Number of patients Age （years±1SD）

Male 38 64.8±11.6

Female 13 65.4±16.0

Total 51 64.9±12.8

Tumor site Number of samples

Tongue, oral �oor 19 23

Maxilla 9 9

Hypopharynx 7 12

Mandible 6 7

Oropharynx 3 3

Larynx 2 2

Other 5 5

Total 51 61
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（Folio 9470m, HP） for sound editing.

Evaluation of the phonatory and expiratory sounds

　Using editing software （EDIUS Pro 6.5, Grass Valley, CA）, phonatory and expiratory sounds 
were separated and randomized.  Using a headphone （ATH-M50, Audio-Technica, Tokyo）, 
both sound samples were presented repeatedly to 12 examiners （ten dentists and two speech 
pathologists） with varying years of experience in dysphagia management.  Examiners who had 
diagnosed over one thousand swallowing studies were assigned to the high-experience group 
（n＝5）, and examiners who had diagnosed less than one thousand swallowing studies were 
assigned to the low-experience group （n＝ 7）.
　Prior to the main experiment, two experts in dysphagia diagnosis and management with 30 
and 15 years’ experience judged the sound samples for reliability.  These samples were judged 
from 0 to 4 ; 0 was normal ; 1 was mildly wet, close to normal ; 2 was mildly wet ; 3 was 
moderately wet ; and 4 was severely wet.  Agreement calculations were made for samples that 
were considered normal and those considered severely wet, and these two sound samples served 
as the reference samples for all judges.  In the main experiment judges listened to all of the 
sound samples and assigned a number.  Prior to listening to each sound, the two reference 
samples （0 and 4） were played to assist in the final scoring procedure.  To evaluate intra-
rater reliability, examiners re-evaluated the vowel and expiratory sounds one week after the first 
evaluation.  All sound samples were then re-randomized and presented to the examiners under 
the same condition.  The intra-rater reliability and the inter-rater reliability was calculated in 
both high- and low-experience groups.
　A schema of this investigation is shown in Fig. 1.

“a” phonations and expiratory sounds
3 times each

“a” phonation samples
expiratory sound 

samples

VFSS

The first test for 
perceptually evaluating
wetness of  “a” phonation 
by 12 examiners

The first test for 
perceptually evaluating 
wetness of expiratory 
sound by 12 examiners

The second test for 
perceptually evaluating 
wetness of  “a” phonation 
by 12 examiners

The second test for 
perceptually evaluating 
wetness of expiratory 
sound by 12 examiners

classification of     
VFSS images              

by 2 examiners

1 week after 1 week after

Fig. 1.  Evaluation procedure.
VFSS, video fluoroscopic swallowing study
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Video�uoroscopic swallowing study （VFSS）
　The VFSS was done immediately after the phonatory and expiratory sound recording.  
Subjects were requested to swallow 3 ml of a jelly-like radiopaque test food （thick liquid 
consistency ; 50.0％v / v iopamidol containing 0.27％ of agar or 33.3％v / v iopamidol containing 
1.57％ gelatin） provided by syringe.
　If the subject used a special prosthesis such as a palatal augmentation device, he or she was 
allowed to use it during the evaluation.  The material was given to subjects 1-4 times depending 
on their VFSS findings.  VFSS images were recorded to DVCAM tape （PDVM-41N, SONY） 
through a digital HD videotape recorder （GV-HD700, SONY）.

Classi�cation of VFSS images

　A modified schematic representation of the penetration-aspiration （PA） scale developed 
by Rosenbek et al is shown in Fig. 2 15）.  Using the PA scale, two dentists with 15 years 
of experience in dysphagia management evaluated the VFSS findings with frame-by-frame 
observation, and then classified the images by consensus into two groups : patients graded as 1, 
2, 4, or 6 （group 1, material does not enter the airway or material enters the airway, remains 
above, contacts or passes the vocal folds, and is ejected from the airway） and patients graded 
as 3, 5, 7, or 8 （group 2, material enters the airway, remains above, contacts or passes the 
vocal folds, and is not ejected from the airway or the trachea ; or material enters the airway, 
passes below the vocal folds, and no effort is made to eject, namely, silent aspiration）.  If a 
patient showed different VFSS findings across multiple swallow trials, the trial with the worst 
performance was used for classification.

Aspiration or Penetration Level of Airway Invasion

None

Yes

PenetrationAspiration Above 
Folds

To 
Folds

Below 
Folds

No

Ejection

1 2

4

6 7

3

5

Effort 
to eject 

8

Yes

No
(silent)

Fig. 2.  Schematic representation of the penetration-aspiration scale 
（modified from reference 15）
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Statistical Analysis

　A statistical analysis was performed using the package IBM SPSS statistics 2.0.  Differences 
between the degrees of wetness on phonatory and expiratory sounds and the PA score groups 
were analyzed statistically using the Mann-Whitney U test.
　To analyze the intra-rater reliability, Kappa coefficients 16） were computed for each examiner 
on the first evaluation and on the second evaluation one week later.  Agreement scores 
between two evaluations were analyzed in two conditions, those with a perfect match and those 
within one score difference （κ: in perfect match, κw : within one score difference）.  These 
computations were evaluated in the high- and low-experience group.  Inter-rater reliability was 
evaluated the same way, based only on the first evaluation scores.
　Sensitivity and specificity were analyzed for group 1 and group 2 by VFSS findings （PAS1, 2, 
4, 6 and PAS3, 5, 7, 8）.  The degree of wetness 1-4 （1 : mildly wet, close to normal, 2 : mildly 
wet, 3 : moderately wet, 4 : severely wet） was evaluated as positive and the degree of wetness 0 
（0 : normal） was evaluated as negative.

Results

Classi�cation of VFSS �ndings

　Table 2 details VFSS classifications according to the PA scale.  Thirty-three patients were PA 
scale 1, five patients were PA scale 2, eight patients were PA scale 3, four patients were PA scale 
5, one patient was PA scale 6, ten patients were PA scale 8, and no patient was PA scale 4 or 7.

The degrees of wetness of “a” phonation and expiratory sound in each PA scale group

　The degrees of wetness of “a” phonation and expiratory sound in each PA scale group are 
shown in Table 3.
　The degree of wetness of “a” phonation was significantly higher in group 2 than in group 1 
at both the first and second evaluation test （P＜0.05）, while the degree of wetness of expiratory 
sound was significantly higher in group 2 than in group 1 only at the first evaluation test （P＜
0.05）.

Table 2.  Number of sound samples for each group

Group No （PA scale）a Number of sound samples

Group 1 （1, 2, 4, 6）b 39

Group 2 （3, 5, 7, 8）c 22

a PA scale＝ Penetration-aspiration scale
b Group 1 （1, 2, 4, 6）＝Material does not enter the airway or mate-
rial enters the airway, remains above, contacts or passes the vocal 
folds, and is ejected from the airway

c Group 2 （3, 5, 7, 8）＝Material enters the airway, remains above, 
contacts or passes the vocal folds, and is not ejected from the airway 
or the trachea ; or material enters the airway, passes below the vocal 
folds, and no effort is made to eject, namely, silent aspiration
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　In summary, patients in group 2 （PA scale 3, 5, 7, 8 ; penetration / aspiration without materials 
ejected out of the airway） could be judged effectively by wetness of the phonatory and expiratory 
sounds.  Moreover, phonatory wetness was more easily detected than expiratory wetness.

Intra-rater reliability

　Kappa coefficients of phonatory and expiratory sounds for intra-rater reliability are shown in 
Table 4.  Agreement scores were obtained using the means of Kappa coefficients （κ: in perfect 
match, κw : in one score difference）.  Moderate agreement scores were achieved for data with a 
perfect match between investigators （κ＝0.40 to 0.43）, while high agreement scores were shown 
for data within one score difference （κw＝ 0.82 to 0.94）.
　On phonatory and expiratory sounds, high agreement was shown for data within one score 
difference.  There was no difference between the high- and low-experience clinician groups.  
There was no significant difference in reliability between the high-experience group and low-
experience group, on phonatory or expiratory sound scoring.

Inter-rater reliability

　Kappa coefficients of phonatory and expiratory sounds for inter-rater reliability are shown in 
Table 5.  Low agreement scores were shown for data with a perfect match between investigators 
（κ＝0.16 to 0.26）, while high agreement scores were shown for data within one score difference 
（κw＝ 0.62 to 0.78）.
　On phonatory and expiratory sounds, high agreement was shown for data within one score 
difference.  There was no significant difference in reliability between the high-experience group 
and low-experience group.

Table 3.  The degree of wetness of “a” phonation and expiratory sound

Group No （PA scale）a

The degree of wetness of 
“a” phonation
（mean±1SD）

The degree of wetness of 
expiratory sound
（mean±1SD）

First evaluation test

　Group 1 （1, 2, 4, 6）b 1.2±0.9 1.6±1.0

　Group 2 （3, 5, 7, 8）c 2.0±1.2 2.1±0.8

Second evaluation test

　Group 1 （1, 2, 4, 6）b 1.3±0.9 1.7±1.0

　Group 2 （3, 5, 7, 8）c 2.0±1.2 2.1±0.9

a PA scale＝ Penetration-aspiration scale
b Group 1 （1, 2, 4, 6）＝Material does not enter the airway or material enters the air-
way, remains above, contacts or passes the vocal folds, and is ejected from the airway

c Group 2 （3, 5, 7, 8）＝Material enters the airway, remains above, contacts or passes 
the vocal folds, and is not ejected from the airway or the trachea ; or material enters 
the airway, passes below the vocal folds, and no effort is made to eject, namely, 
silent aspiration
＊P＜ 0.05 （Mann-Whitney U test）

* *

*
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Sensitivity and speci�city

　Sensitivity and specificity was 0.73 and 0.51, respectively, for the “a” phonation, and 0.91 and 
0.31, respectively for the expiratory sound, showing high sensitivities of both sound scores.

Discussion

　Wet voice can be caused by aspiration or penetration of saliva and / or nasal secretions.  Some 
studies have shown that wet voice during or after swallow may give the clinician an auditory 
clue that there is threat to the upper airway with subsequent aspiration.  Detection of sounds 
can be done by placing a stethoscope on the lateral neck.  This technique is non-invasive and 
can easily be a routine part of the clinical examination using test swallow items.
　In the present investigation, a jelly-like radiopaque test food liquid was chosen as the VFSS 
test material because it is typically very safe for dysphagic patients to swallow.  Using varying 
test food consistencies, Warms and Richards 13） found no association between the presence of a 
wet voice and penetration or aspiration of prandial material after swallowing, suggesting that a 
wet voice could be more predictive of saliva and / or mucoid secretions in the airway rather than 
indicative of prandial material in the airway.
　There are two different types of swallowing in humans, namely the volitional and spontaneous 
swallow.  Spontaneous swallows usually occur as the result of accumulated saliva and / or mucoid 
secretions while awake or during sleep 17）, and are assessed by dripping water directly into the 
oropharynx 18）.  Such an evaluation method is quite invasive, whereas the perceptual evaluation of 
phonatory or expiratory wetness prior to a swallow is a non-invasive technique that potentially 
could detect dysphagia or the risk of dysphagia.
　Several investigations have studied the predictability of penetration or aspiration using a 
voice evaluation11-14）.  For instance, Linden et al 11, 12） correlated clinical signs of wet phonation, 
abnormal phonatory quality, harsh phonation, and breathy phonation with subglottic penetration ; 
however, approximately 1 / 3 of subglottic penetrations were not predicted by overall clinical 

Table 4.  Intra-rater reliability for phonatory and 
expiratory sounds

κ κw

“a” phonation

　High-experience group 0.42 0.90

　Low-experience group 0.44 0.88

　Total 0.43 0.89

Expiratory sound

　High-experience group 0.40 0.94

　Low-experience group 0.41 0.82

　Total 0.41 0.87

κ＝Kappa coef�cients in perfect match
κw＝Kappa coef�cients within one score difference

Table 5.  Inter-rater reliability for phonatory and 
expiratory sounds

κ κw

“a” phonation

　High-experience group 0.26 0.78

　Low-experience group 0.24 0.63

　Total 0.25 0.68

Expiratory sound

　High-experience group 0.16 0.66

　Low-experience group 0.23 0.62

　Total 0.21 0.63

κ＝Kappa coef�cients in perfect match
κw＝Kappa coef�cients within one score difference
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indicators including posture, palatal gag, pharyngeal gag, and tongue atrophy.  Hey et al 14） also 
investigated the predictability of aspiration and oral intake in 80 post-operative head and neck 
cancer patients using various kinds of boluses （thin liquid to particulate solid）.  They reported 
that wet voice had high specificities （aspiration＝90％, limitation of oral intake＝94％）, and low 
sensitivities （aspiration＝41％, limitation of oral intake＝40％）.  None of these previous studies 
clarified whether ejection after aspiration / penetration is related to pre-swallow wet voice.  In 
contrast, the present study revealed that penetration or aspiration without materials ejected out 
of the airway （PA scale 3, 5, 7, 8） could be predicted from evaluating pre-swallow phonatory 
and expiratory sounds.
　Overall, our results revealed a slight difference between wetness scores on phonatory and 
expiratory sounds, suggesting that both tasks should be evaluated to effectively predict penetration /
aspiration after swallow, especially when materials are not ejected from the airway.  It is important 
to note that in patients with recurrent nerve paralysis, hoarseness may complicate the evaluation 
of wet voice, and evaluating the wet, voluntary expiratory sounds may be more useful in such 
cases than the wet phonatory sounds in predicting airway competence.
　Clinicians with varying years of experience in dysphagia management performed the perceptual 
evaluations of wetness for pre-swallow voice and expiratory sounds.  Comparisons among these 
evaluators based on clinical experience showed high inter-rater and intra-rater reliabilities when 
analyzing the data within one score difference.
　Results from prior studies and the present study suggest that clinicians are able to predict 
penetration / aspiration without materials ejected out of the airway in a small bolus of thick 
liquid by evaluating wetness of pre-swallow voice and expiratory sound in post-surgical head and 
neck cancer patients.  Therefore it may be important to include this evaluation as a routine part 
of the clinical examination to detect dysphagia.  The technique of using auditory information 
for detecting dysphagia in post-surgical head and neck cancer patients might also be useful for 
families and caregivers of these patients as a way to monitor their swallow safety at home.  
Future research should verify the effectiveness of this procedure for detecting dysphagia in a 
variety of patients beyond those with head and neck cancer.

Conclusion

　The main findings from this investigation were that penetration / aspiration could be predicted 
from the wetness of pre-swallow voice and expiratory sounds when materials were not ejected 
from the airway during the VFSS without the use of a stethoscope.  In addition, clinical judgments 
of phonatory and expiratory wetness were not affected by clinical dysphagia management 
experience.  We suggest that the perceptual evaluation of vocal and expiratory wetness be a 
routine part of the clinical evaluation of suspected oropharyngeal dysphagia.
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